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Preface

This User's Guide is adetailed 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 instructionsin 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. Clean the window gently
with cotton swabs. Clean the instrument's metal case with a soft cloth. Never use water, detergents, or
solvents. These may damage the instrument.

All Service except exterior cleaning must be performed by NITON Corporation. Do not attempt to
make repairsyourself. Opening the case of your NI TON 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
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Warnings: Provide information on how to safely operate the NITON.
Cautions: Provide information on how to avoid damaging the NITON.
Notes: Highlight other important information.

War nings, cautions, and notes are printed in bold type.

Chapter summaries

Chapter summaries

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 areading, for downloading data, and for charging and changing
battery packs.

Chapter 3, Analyzing bulk samples

For usersof 702, 702-A, 703 and 703-A model analyzers (for multiple elements).
For usersof XL-309 with optional Lead in Soil Analysis Package (for lead only).

Suppliesinstructions for rapid, on-site, multi-element detection and analysis of avariety of bulk samples,
including soils, house dust, sludges, and liquids.

Chapter 4, Analyzing thin samples

For usersof 701, 701-A, 703 and 703-A model analyzers (for multiple elements).
For usersof XL-309 with optional Dust Wipe Analysis Package ( for lead only).

Suppliesinstructions for rapid, on-site, multi-element detection and analysis of avariety of thin samples,
including filters, dust wipes and thin films.

Chapter 5, Analyzing lead paint

For usersof 701-A, 702-A, 703-A and XL -309 model analyzers.
Suppliesinstructions for rapid, on-site detection and analysis of |ead-based paint.

Chapter 6, Radiation safety
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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

NITON
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No part of this publication may bereproduced, read or stored in aretrieval system, or transmitted,
in any form or by any means, electronic, mechanical, by photocopying, recording, or otherwise,
without the prior permission of NI TON Cor poration.

NITON, XL-309 and 700 Series are trademarks of the NITON Corporation.

Theinformation in thisUser's Guideisfurnished for informational purposes only, is subject to
change without notice, and should not be construed asa commitment by NITON Cor poration.

NITON Cor poration assumes no liability for any errors, inaccuracies or ommissions that may

appear in thisbook.

* XL-309 and 700 Series User's Guide

* XL-309 Lead Detector

* 700 Series Multi-element Analyzer
Produced in the United States of America

Registration: NITON Corporation manufactures the XL-309 and 700 Series under the authority of the
State of Rhode Island, License #3A-105-01. NITON XL-309 and 700 Series have been evaluated for
safety in Sealed Source and Device Evaluation Sheet RI-164-D-101-S
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corporation
Main Offices: .
74 Loomis Street .
Bedford, MA 01730 .
(781) 275-9275 or (800) 875-1578 .
Fax: (781) 275-1917 .
email xrf@niton.com .

web site: http://www.niton.com

Service Department:

610 Ten Rod Road

North Kingstown, Rl 02852
(401) 294-1234

Fax: (401) 295-2090

email support@niton.com
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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.
Immediately notify the shipper and NITON Corporation if any damage is noted.

Note: Theradioactive cadmium;og sourceis completely sealed and extremely secure. It meets ANS|
standard 33232.

2. Open the packing carton. If your 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 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.
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5. Save the shipping carton and all packing materials. Store them in a safe, dry area, Use when the
spectrum analyzer is next shipped.
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Chapter 2: Operating your NITON

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 principlein
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
depend on your familiarity with the instrument and your knowledge of the media you ar e testing.

Our free factory training is designed to give you the basic tools to use our instruments. This User Guide
supplements our training. Y ou can use it as both a quick reference and a detailed operating manual for
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any of our XRF analyzers.

This is your NITON XRF Spectrum Analyzer

o-Bucinor

{2 scrall keye and
clear/enter bayl

Fig. 201 From: view of the NITON 700,
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Fig. 203
Right side view of yvour MITON.
Serial part (for Switeh (elide for

downloading datal o ¥ setupd on,
,-" push o resel) — =

Fig. 2.04
Back view of your NITON

Battery pack

GO SCrens

NITON Spectrum Analyzers operate in the following
modes:

Modes of operation, by model

M odel Bulk Mode Thin Sample M ode Paint Modes
« 701 « No e Yes « NO
o 701-A « No e Yes e Yes
o« 702 e Yes « NoO « NO
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o 702-A e Yes « NO e Yes
« 703 e Yes e Yes « No

o 703-A e Yes e Yes e Yes
e XL-309 [ Opt (lead only) o Opt (lead only) e Yes

Turning on your NITON

1. Turn on the instrument. Depress and slide the
On/Off 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).

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
Clear/Enter button to select the function indicated
by the screen arrow. When you turn on your NITON,
the Screen arrow is on

Calibrate & test.
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Note: You can begin to test immediately In
whatever mode you last tested in by pressing the
Clear/Enter button.

Mote: You can bagin to test immediately in whatever mode you lasl tested
in by pressing the CleanEnter button.

&= Calibrate & Test
Seup Menu

Fig. 2.06 Top Yiew of XL showing the 3 control battons,

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, leave your NITON
on for fifteen minutes prior to testing. This is not
necessary if you are going to test in any of the
Paint Modes. Go to the Setup Menu (Figure 2.07)
and set the .mode you wish to test in.
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setup Menu

Test Soil, Bulk Samples
Setup thin Sample Mode

—* Setup Paint Mode
Instrument Specification
Sel Time
[llominate Screen
EXIT to bMain Menu

Fig. 207 Semep Menu

2. Press Clear/Enter 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 nature of
the media you 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

Sacturs Melcri
Test doul, Bulk Smmples
Seiup thin Semcle Mods
j.'--.'ll.-r Paird }-I--H'

= D rodrumeat Specifealion
521 Timne
Hluminate Scresn
EXIT 1y Ml s M
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Use the Setup Menu (Figure 2.08) to check your
Instrument specification; to set the date and time;
to illuminate the screen continously; 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 Clear/Enter.

Instrument Specification

Sen Apr 4 1997 [2:19:37
Semal #F KLI09-UEIZNEIAL
CE S S [¥aEV1E
Source daie June 1 1997
Factory cal 8 dayx apo
Hours used: O

Src Srengrh: 10 mel

'—'ll_' 20R ImSIFUImENL &P ficarions

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 Clear/Enter.
The screen displays the following information:

1. The Day, Month, Date, Year and Time (hours,
minutes and seconds).

2. The Instrument Serial Number

3. The instrument Model: and the versions of
Firmware and DSP software installed on the
Instrument.
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4. The Source Date, the assay date of the
cadmiumqgg SOUrce.

5. The number of days since the last factory
calibration of the instrument.

6. The Hours used, the number of hours the
Instrument has been used since the last factory
calibration.

7. The Source Strength, the current strength of the
Instrument's cadmiumqgg Source, in millicuries

(MCi).

To exit the Instrument Specification screen to the
Main Menu, press the Clear/Enter button.

Setting the time and date on your NITON

NITON sets the date and time (EST) 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 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.
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To reset the date and time from the Setup Menu, do
the following steps:

1. Use the the Arrow buttons to scroll to Set Time
(Figure 2.10 a,b).

2. Press Clear/Enter to select it. The Date and Time
appear as follows:

Month-Day-Year-Hour-Minute-Second

it Mo
Test Soil, Bulk Samplks
Selup thin Sample Mode
Selup Paort Mode
Mt il '-i|:-n-:|l KatHm
= 5el T ime
Muminate Screen
EXIT io Mais Mena

S l0e Semp Meaw 301 Time

Fress Clean'smier 1o bring
up the Sei Time screen

Sat Apr| 3 1997 13:3]:44

kFig. 210k Set Time screen

Month-Day-Year-Hour-Minute-Second

The cursor starts at M onth 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. Press Clear/Enter three times to move the cursor to Hour .
2. Use the Arrow buttons to change the hour to the desired hour. Press Clear/Enter .

3. The cursor automatically moves to the next field: Minute. Use the Arrow buttonsto change the
minutes to the desired minutes. Press Clear/Enter again to move the cursor to Second.

4. Use the Arrow buttons to change the seconds to the desired seconds. Press Clear/Enter .

5. After selecting Seconds, the Main M enu screen is again displayed, set to Calibrate & Test.
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Note: If theyear isincorrect, set it first. Use Clear/Enter to move to the year position and the Arrow
buttonsto set the year. Then press Clear/Enter five mor e times and set the remaining fields as
described above.

Lighting the LCD screen

In its default mode, your instrument's LCD screen remains back-lit for 15 seconds after any of the three
buttons is pressed. Y ou 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 aso have the option of lighting the screen
continuously.

Seup Men
Tzt Bml. Bulk Saamies
Semp thin Seergls Mode
Setup Paint Maode
Instrament Specilcation
Sar Time

-== | llluminaie Screen
EXIT v Mon Mene

g 211 Senp Mem

| gimaian e Sences

Take the following steps to either light the screen continuously, or turn off continuous screen lighting if it
Is currently activated:

1. Usethe Arrow buttonsto select | [luminate 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 M enu 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.

Note: The Setup Menu shows all NITON analyzer modesfor all instruments. If you select a test
mode which isnot available on your NITON instrument, a reminder message will be displayed on
the sceen.

Please contact NITON instrument sales at (800) 875-1578 or your local NITON sales representative to
enquire about upgrading your NITON analyzer to add capabilities.

Use the Arrow buttonsto select the mode you wish to test in. Press Clear/Enter to select the mode.

The Bulk Sample mode

Bulk Sample M ode can be used to measure concentrations of contaminants in any fairly homogeneous,
fine-grained medium such as soil, ground-up paint chips, aliquid or many other kinds of bulk materials.

To test in Bulk Sample Mode:
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Seinp Mem

=] Tl Soil. Belk Samples
Sepap ther Sample Meds
Lapwp Paint Mode
Insorument Speciicasas
Set Tims
IMamines Scresn
EXIT 1 Mo Mena

Fig 212 Sexnp Moo
Bulk Sample

1. Use the Arrow buttons to select
Test Soil, Bulk Samples

from the Setup Menu (Figure 2.12). Press the Clear/Enter button.

2. The instrument will return to the Main Menu ready to Calibrate & Test in Bulk Sample Mode. Press
the Clear/Enter button.

3. The instrument will initiate self-calibration. Thiswill 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.

Sun May 11 1997 20:39:22
Seral # XLA0G-UR33NS0341

- R.I.-‘:ill_'! i Tegp -

Mode:  Bulk Mode

Resolution: Q630 eV
arc Strengih: 10 mCi

Fig. 2.13 Eeady to Test. Bulk Mode

The Thin Sample modes

Thin Sample M odes can be used to measure concentrations of contaminantsin avariety 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.

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
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Methods. In this Thin Sample Mode, three measurements are taken, weighted, and summed for each
filter.

2. TSP/PM Filters: Used for the larger filters to monitor the concentration of metalsin 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.

4. Standard Thin Sample: Used for taking single measurements of samples or coatings. In this mode,
results are displayed, in micrograms/cm?.

5. User-Definable Thin Samples: User-definable testing gives you the flexibility to specify custom thin
sample measurement protocols.

Sepap Menn
T Soil, Bulk Samples
= Sensp Thin Saomple Muogls
Semp Paint Plaxde
|pstrument Sesead | cabwom
Sen Terre
INErunie Sceeen
EXIT 1o blndey BeYemmas

Fg. 1.14 Seoep Men
Thin Sample Mode

Testing in the Thin Sample Modes:

1. Usethe Arrow buttonsto select
Setup Thin Sample Mode

from the Setup M enu. Press Clear/Enter.
2. The Choose Operation Mode for Thin Samples screen will appear (Figure 2.14)

3. Usethe Arrow buttons to select the mode appropriate for the kind of thin samples you are going to
test. Press Clear/Enter.

4. The Choose Operation Mode for Thin Samples screen will highlight the thin sample mode you have
selected and the cursor will moveto Exit to Main Menu (Figure 2.15). Press the Clear/Enter button to
return to the Main Menu. Press the Clear/Enter 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 calibration is
complete, the instrument will beep and display the Ready to Test screen for the thin sample mode you
have selected (Figure 2.16).

6. See Chapter 4: Testing Thin Samples, for details on how to test thin samples.

http://www.niton.com/ch2.html (12 of 25) [12/21/2000 7:45:33 PM]



Exported XL Manual 6/97 - Title

Chuoase Operation Mode
37 mm CD Fibors P
TERPM
Dust Wipes
Sumdard Thim Sample
User-Defi nable

= XIT TO Main Menu

L4V

Bt

Mom May 12 1997 20:33:51

Fig. 215 Uperathion Mode

Select 37 mm CD Filiers

Mon Bay 12 1997 20: 52|
Sernal & AL sG]
= Ready to Tear =

Mode Thin Sample maode
5T mm CE Fikier

Resolution: D662ey
Src Swrength: 10 mCi

Frg. I 16 Ready po Tes
37 mm Filter Mode

The Paint modes

All three Paint M odes can be used interchangeably to measure lead concentrationsin paint in mg/cm2,
In all paint modes, NITON analyzers simultaneously measure and analyze both K-shell and L-shell |ead

X-rays to determine (1) the numerical value of the lead in mg/cm? present in the sample; (2) the 95%
confidence interval; and (3) whether the sample has alead concentration that is

greater -than-or -equal-to ("Positive") or less-than ("Negative") the lead Action-level (in mg/cm?) that
has been entered.

Standard Paint Mode

In Standard Paint M ode, 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

Negative, the Result in mg/cm?, and displays Surface lead for all Positive readings where the lead is
not shielded by overlying layers of non-leaded paint.

In Standard Paint M ode, testing times will vary somewhat from sample to sample. The instrument will
measure only until a 95% confident reading of "Positive" or "Negative' (versusthe Action-level you
have set) has been attained. Most readings take 10 seconds or less.

Standard Mode + Spectra

Standard Mode + Spectraisidentical to Standard Paint M ode except that the x-ray spectrum is
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displayed with each reading.
K & L + Spectra Mode

InK & L + Specra Mode, the instrument displays the complete test information continuously, from the
beginning of each reading, including the K-shell 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.

InK & 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'
deter mination has been made, you will get a™ Null" test result.

Testing in the Paint Modes:

Smandard Pased Mesde

Standard Miods =+ Spectra

K &L Feadings + Spoctm
e Senup Peent Progesol

Exil in Maim b e

Fig- L17 S=tup Pung Mode
Aurom: o Faini Proiocol

1. Use the Arrow buttonsto select
Setup Paint Mode

from the Setup M enu. Press Clear/Enter. The Setup Paint M ode menu screen will appear (Figure
2.17)

2. Usethe Arrow buttons to select
Set up Paint Protocol

. Press Clear/Enter. The Paint Protocol screen will appear (Figure 2.18)

3. Use the Arrow buttons to adjust the times for the 1st beep, the 2nd beep and the 3rd beep signalsfor
K & L Mode + Spectra and to set the Action level. Use the Clear/Enter button to enter each selection.
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Istbeep 3 sec
Jod be=ap 10 gac
Ird beep 30 sec
| Action
| level L0

"|$|._;_' ? 18 Paint
pratocol sereen

4. When the Action-level has been entered, the Setup Paint M ode screen will re-appear (Figure 2.17).
Now use the Arrow buttonsto select a Paint Testing Mode. Press Clear/Enter.

5. The Main Menu will appear, with the instrument ready to Calibrate & Test in the paint mode you
have selected. PressClear/Enter.

6. The instrument will self-calibrate 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.

Sun May 11 1997 20:39:22
Senal & X1309-TT8IINS034
= Heady to Test -
Ml o Sud Paimt
Action Level 1.0

Resolotion: (680 &V
Src Strength: 100mC

Fig. 2.19 Ready to Test, Paint Mode

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-calibration check every time you turn on
or reset the instrument.

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 calibrations.

Instrument self-calibration

When the screen arrow (->) ison Calibrate & test, press Clear/Enter to start the self-calibration
process (Figure 2.20). Self-calibration takes one to two minutes. When it is completed, the instrument
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will beep and the Ready to Test screen will appear.
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Caution:

The ready to test screen
The Ready to Test screen (Figure 2.19) displays the following fields:
1.The current Date and Time.

Caution: Check the Dateand Time. If they are not correct, reset them befor e taking any
measur ements (see page 10). Your readingswill not be accurate unlessthe dateand time are
correct.

2. The instrument Serial Number.
3. Theindication 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 isonly used in paint testing modes.

6. The Energy Resolution. The lower the number (in eV), the better the instrument will perform.

Caution: If you try to calibrate theinstrument and it does not calibrate successfully, push the Reset
Button on the bottom of the instrument and recalibrate. If your NITON does not calibrate
successfully in three attempts, please call the NITON Service Department at (401) 294-1234.

7. The Sour ce Strength (Src Strength). The Source Strength indicates the current activity of the
cadmium;gg 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 isrecommended that you re-calibrate hourly
during testing. To recalibrate:

Press the reset button on the bottom of your NITON.
or turn the NITON off, then on, and press the Clear/Enter button.

Note: Occasionally, your NITON may refuse to take further readings and the screen will display
the following message:

YOU MUST RECALIBRATE.

Typically, thiswill occur when thereisa sudden, very large change in the ambient temperature.
When this occurs, recalibrate and continue testing.

How to use your NITON standard samples

NITON provides sets of standard samples for each testing mode. These are used to check the calibration
of the instrument:

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 M ode, thereis a set of government-traceable lead paint films.

Note: Although the standards do not contain every element our multi-element analyzerstest for,
when an instrument correctly measur es the standar ds you have have received with your 700, your
NITON will correctly measurethe other elements.

Test the standards regularly. First, immediately after the instrument finishes self-calibration. 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 exposureto lead dust.
Keep all standards 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.

Lead paint standards

1. Place the NITON standard with the colored side face up. Choose the RED strip labelled 1.0 +/- 0.1.
Take areading of that standard. Place the instrument on the standard so that the instrument window is
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fully on the standard. Y our NITON should display avalue between 0.9 and 1.1 mg/cm? and should
indicate Surface lead.

2. Place the same standard with the colored side down. Take areading of the standard (buried beneath the
equivalent of 5-6 coats of non-lead paint). Y our NITON should still display avalue between 0.9 and 1.1

mg/cm?2 and should not display Surface lead.

Note: If your instrument istesting high on Standard samples, check the surface the Standardsare
resting on. The surface may contain lead.

When you test the Standard samples, your instrument should give readings which approximate the
certified values. Y our instrument should give consistent readings for each sample.

Downloading data

Your NITON stores up to 3,000 measurements plus their spectra. Y ou can download this datato a
computer for reporting or insertion in a database.

Note: Downloading data does not erasereadings. To make room for the next set of data, erase
readings after verifying that the data was downloaded successfully (see next section).

The RS-232 port, on the back of your NITON, accommodates a4-pin LIMO connector. A LIMO to 9-pin
RS-232 connector cableis provided with your NITON. Your NITON can communicate with either a
"dumb" or an "intelligent" terminal, such asaVVT100 connected to a mainframe computer or a
PC-compatible computer.

Fast data dump

Y ou can download up to 3,000 measurements, their descriptions, and spectra (4-90 keV) in minutes using
the high-speed compressed format, NI TON/Mid-Hudson Downloading Softwar e, provided with your
instrument.

aehup Menio
—i | Doawnload Deals

| L mlibsrng & Tex i |
| =
=

Sum Mey [ 1997 204048 |

Fig. 221 Main Menii
Diownlozd Dai

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 press Clear/Enter
(Figure 2.21).

3. Select Fast Data Dump from the Download Data menu (Figure 2.22)and press Clear/Enter. Select
the first to the last readings you wish to download. The default setting will download all readings
currently stored in memory.
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4. When the instrument finishes downloading, it will return to the Main Menu.
ASCIl data dump

For users who wish to download datain ASCII format, the NITON can dump its data as an ASCII fileto
any terminal emulator program.

1. Connect the NITON to your computer with an RS-232 cable.

2. In the Download Data screen, press the Arrow buttonsto scroll to ASCII dump (Figure 2. 23).
Press Clear/Enter.

Fagt Teas Daimp
8 Ascii Dump

Eraie Readings

Exst oo Main Meri

Fig. 113 Download Dam
Ascii Damnp

3. When the instrument finishes downloading, it will return to the Main M enu.

Erasing readings

If you do not erase your data, the NITON will continue to record data until the memory is completely
full. Then the NITON will start to overwrite older data. Any data that is overwritten in this way will be
lost.

Y our NITON can store data on up to 3,000 measurements in al Paint modes, or 1,000 readingsin Bulk
Sample or Thin Sample modes.

—

Ficsl Dhika Dhirmp
Ascih Dump
B Erasc Foadmes
Enil 1 Mins Memu |

Fig. 2.24 Download Dala
Erasc Readings

Note: Download your data beforethe memory is completely full. Clear the memory after
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downloading.

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 buttonsto scroll to Erase Readings (Figure 2.24).
Press Clear/Enter.

2. The Erase Readings screen (Figur e 2.25) appears with the following choices:
ERASE all readings

-> CANCEL do not erase

EXIT toMain Menu

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
Clear/Enter. 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.

Erase all 158 readings 7
ERASE all readings
LEL donot omse
#= | EALT vo blain Menu

Fig. 2.25 Ersse Readings Screen
Defaul s CANCEL. do nod erase

Battery packs and battery charger

Fully charged, each 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 Char ger, below.

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.

Note: Before beginning a test, be certain the battery pack has sufficient charge. It isalways a good
ideato carry a spare battery pack.

Caution: NITON's Nickel Metal Hydride battery packs discharge at arate of about 2% per day when not
in use.

http://www.niton.com/ch2.html (20 of 25) [12/21/2000 7:45:33 PM]



Exported XL Manual 6/97 - Title
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.

* Don't recharge afully 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 acool, but not cold, place, away from direct sunlight.

* When a battery pack isnot used for along period of time, it will lose its charge completely. Fully
recharge it before use.

Note: Thelithium 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

Fig. 2.4

Lioneen chimp scraws

o remove the batiery pack
T Clamp screws s1ay
antacked 10 the battery pack

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).

4. Pull the battery pack away from the instrument by grasping the knurled screws and gently rocking the
battery pack from side to side while removing it.
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Installing a battery pack

1. Rest the NITON on aclean surface, as before.
2. Slip the notch at the bottom of the battery pack into the wide dlot.

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 not
tighten, the connectors are not lined up properly. These screw clamps must be tight for a secure
connection.

Recharging battery packs

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 a110V 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-charge, and then stay on with a steady light, indicating that the
battery is on Full Charge.

4. In Full Charge mode, the green Charge light will stay on with a steady light while the battery is being
charged. It is normal for the charger to make some noisein Full Char ge mode.

5.In Trickle Charge mode: When the battery is fully charged, the charger will automatically switch to
Trickle Char ge mode and the green Charge light blinks rapidly.

Caution: Do not leave battery packs on the Battery Charger longer than necessary.
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Battery charger
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Fig. 2.27. Front view of the banery changer

Discharge cycle

Put battery packs on the Dischar ge Cycle only if they are not holding a charge; or, if they are partially
charged, run the Dischar ge Cycle before recharging. It takes about eight hoursto fully discharge a
battery pack. To discharge a battery pack, place it on the charger and:

1. Pressthe red Dischar ge button. The red Dischar ge light goes on, and the green Char ge light blinks
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slowly, showing charger isin Dischar ge mode.
2. After afull Discharge cycle, the charger automatically recharges the battery.

3. Thered Dischar ge light goes out and the green Char ge light will blink rapidly, showingitisin the
Trickle Mode.

Pre-charge

If your NITON battery packs run all the way down, they must be pre-charged before they can be
re-charged. The process can take up to 5 hours. A battery is pre-charging when the green Charge light on
the battery charger is blinking slowly, and the Dischar ge and Temper atur e lights are off.

Overheating during charge

Caution: If thered Temp light comes on r epeatedly when a battery pack is on the battery charger
in the Full Chargecycle, call NITON Customer Service at (401) 294-1234.

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. Instructions 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] Do 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 isin 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 NITON's Service Department at (401) 294-1234.

Note: Please do not throw away spent battery packs. Return spent battery packsto 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 Service except exterior cleaning must be performed by NITON Corporation. Do not
attempt to make repairs your self. 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. Clean the instrument's metal case with a soft cloth. Never use water, detergents, or solvents.
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These may damage the instrument.

Note: Never ship your NITON analyzer back to the factory for any reason without calling and
obtaining a Return Authorization (RA) Number from NITON Cor por ation.

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 areplacement case plusany repairsresulting from improper

shipping.
Always enclose a copy of acurrent leak test certificate when you ship your instrument back to NITON.

Caution: NITON'slicense prohibitsrepairing or upgrading any XRF instrument without a current
leak test certificate. If you return an instrument without a current leak test certificate, NI TON will
perform aleak test and bill you for theleak test.

Note: Keep a copy of the following statement in the NITON case whenever the instrument is shipped:

THE NITON SPECTRUM ANALYZER CONFORMS TO THE CONDITIONS AND LIMITATIONS
SPECIFIED IN 49 CFR 173.422 FOR EXCEPTED RADIOACTIVE MATERIAL, INSTRUMENTS
AND ARTICLES, N.O.S. UN-2910. THIS PACKAGE CONTAINS NO MORE THAN 50 mCi
CADMIUM 109 IN A PLATED, SOLID, SEALED SOURCE INSTALLED IN AN X-RAY

FLUORESCENCE ANALY ZER.

NITON

Back to the Table of Contents
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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 chipsif 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. Applicationsinclude:

« in-situ soil testing,

« in-situ materiastesting (e.g., contaminated concrete)
« 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).
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Note: Beforetesting in Bulk Sample mode, turn your NITON on at least 15 minutesprior to
testing. Thiswill give you mor e precise measur ements.

Setup Menu |
= | Tesi Scdl, Bulk Saseley
S#up Thin Sample Mode
Sefup Painn Mods
neirument Specedicaseg
521 Tires |
Tlumisang SEnsan
EXIT s Main Menu

Fig. 301 S=mp Mems
l'est Sioal, Bulk Sasngpiles

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 analysisis crucial to getting good
data.

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 sampling plan.
Field screening is usually only approximate; field screening will correlate very well 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
(donetojustify XRF usage), never usein-situ testing; always gather samples and prepar e them
before testing.

When comparing field screening to laboratory analysis, try to compare the same samples. For best
results, collect alarge samplein 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 average
reading with lab results.

If you must test in-situ for performance evaluation, take several X RF readings bracketing a spot. Then
take a sample for laboratory testing from that spot. For further discussion of field screening, see EPA
Method 6200, "Field Screening Using a Field-Portable XRF." Contact NITON for acopy. 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-concentration elements are displayed (in ppm, with the two-sigma
confidence intervals) on the first M easurement 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 in the sample. The
test timeis also displayed in nominal (source) seconds.

The summary screen

When you end areading, the M easur ement 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 groups:
elements that were detected in the sample, and elements that were not detected. Press the Arrow buttons
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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 "+-". 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.

Detected elements are displayed as in the Measurement screen. Non-detected el ements are shown as <
XX, where xx is the detection limit for that sample. The detection limit for each element is calculated
from each sample.

IR

ppm
WK 34
5558

cading 129

‘ R
Pt
A

41 pA B5F Bl

Fig. 3.02s Measurersent Soresn
Bulk Meule In-:lmgrﬂf EEPRER.

Reading 129

ppm 4+
Py 107 314
As 203 1B
Fe 203 e R k]

Cu 1191 3
Sr Tay  H3
Mo 373 105
Below DedLim
In < 147
Mi = 121

Fig. 302 Bulk hode
Summary Screen

In-situ surveys

Before you take your first measurement, you must decide whether to test the bulk material

« in-situ (in-place),

« as bagged samples (or, for liquids and sludge, in cups) with a minimum of preparation, or
« inan XRF cup after careful preparation.
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Note: More sample preparation (drying, milling and sieving) will yield greater accuracy. Thedrier,
finer, and more homogeneousthe particles, the better the measur ements.

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 samplesis another screening technique.

The NITON test guard

Fig. 313
The NITOMN

Test (huard

The NITON Test Guard (Figure 3.03) isaformed 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 mediain-situ or
for testing bulk samplesin bags. The Test Guard shields the unit from contamination and damage.
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Testing in-situ

Warning: When taking samples from a site wher e 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 afew feet
of the painted structure. Valid results will depend on a sufficient and appropriate selection of sitesto
sample.

2. Clear any surface debris or vegetation. Use aflat area so that the NITON will contact the test medium.
The finer and more homogeneous the material, the more accurate the measurement. (Y ou can increase
your accuracy when testing soil by loosening the soil and letting it dry in the sun before testing.)

Fig. 3.04a
Place your NITOM
o e Test Guard

] by
,;35-:.".;::,3-‘?{:,5 ﬂu ety fs—"‘-‘i'r

Fig. 3.04b
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flag agamnst the surface
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3. Place the test guard on ground. Keep the top of the test guard clean.
4. Hold the NITON in one hand.

Warning: Alwaystreat 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.

5. Push the safety dlide (that locks the shutter release) out from under the shutter release. If the dideis
still tucked in, you cannot pressin the release nor will the instrument fit on the test guard correctly.
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6. Place the NITON 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). If you 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. Onceyou lift the
instrument, the plunger will back out the bottom, the shutter will close, and the test will be
finished.

7. Watch 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, ssimply 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, smply remove a
vertical dlice of soil and test several samples from different depths. Doing so rapidly yields information
about the depth of contamination.

Analysis of bagged bulk samples

Sometimesit is convenient to collect samplesin 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 differencesin soil characteristics. Valid results depend on a
sufficient and appropriate selection of sitesto 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 areasis not representative of either area.

Mix the sample. If it istoo large, reduce the sample. Some techniques for reduction and homogenization
are described in the section on analysis of prepared samples.

3. Fill aclean plastic bag with 50-100 grams of soil and close it securely (with atwist tie). The accuracy
of your measurements will be limited by the thickness of the plastic in the bag you use. 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
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Shape the bag of soil to form a continuous uniform layer of at least 1 cm. (0.4 inch) thickness. Place the
NITON test guard on the bag (Figur e 3.05). Then follow testing in-situ instructions.

Warning: Do not hold bagged bulk samplesin your hand during testing.

Fig. 305
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Analysis of prepared bulk samples

Prepared sample analysisis the most accurate method for determining the concentration of elementsin a
bulk medium using your NITON. Sample preparation will minimize the effects of moisture, large particle
size and variationsin particle size.

Warning: For your protection, when taking samples from a site wher e toxic chemicals may be
present, always use gloves and respiration equipment.

NITON recommends a specific sample protocol. Following this protocol for preparing and testing
samplesisvital for achieving alevel of accuracy comparable with laboratory results. See Figure 3.06 for
aflow chart of the protocol.
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Fig. 306 Flow chart of sample preparation protocol recommsended by NITOM
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Taking bulk samples

Note: When testing for lead-in-soil in a residential setting, it isstandard practice to sample the top
4t0 6 inches of soil.

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 asit may always be inserted to a marked depth and
it removes the same amount of soil at each insertion. There are core sampling devices that remove an
intact cylinder of undisturbed 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 1-1/4 or 1-1/2 inch wood bit into
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a 1/2 inch pipe equipped with a T-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.

1. Before sampling a site, evaluate it for differencesin soil characteristics. Valid results depend on a
sufficient and appropriate selection of sitesto 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 avertical slice (so it is representative of the entire spadeful) about one inch wide.

Place the reduced samplesin aclean pail. Then mix the sample thoroughly by stirring and by rotating the
pail at an angle of 45 degrees. Don't shake. (Y ou do not want to stratify the sample by weight).

Fuir

g 30
Ulse a spade, trowel o
F.“-\.ll_'" dibble oo rake &

hall-inch theck elice of sl

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 areasis 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 roads,
samples close to where various types of waste have been stored, or near pressure-treated lumber.

4. Fill aclean plastic bag and close it securely (with atwist 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 samplesis included 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),
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and several sized-sieves.
Caution: Keep all test equipment clean to prevent contaminated 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 aflat
sheet or pan forming a symmetrical cone. Using aflat 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 than the 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 afine powder.

The sample can be dried in any of several ways. Choose one of the following: Oven dry the sample for
approximately 2 hours at 150° 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 tetraethyl lead would be driven off by the heat of drying. Some forms of mercury and arsenic
arevolatile. 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 pestle, or an
electrically powered grinding mill.

Warning: Grinding-and-sieving dried samples produces dust. Even clean soil contains silica, which
may be hazar dous when airborne. Prepare all samplesin 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 um) and #120 (125 um) 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 awindow 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 atypethat can befilled from therear; that
IS, the side opposite the window (e.g. Chemplex #1330). NITON recommends using a /4 mil mylar
film window (Figure 3.08). A supply of cupsand windows ar e included.

1. Place acircle 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 continuity and smooth, taut appearance.

3. Set the cup, window-side down, on aflat 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.

4. Placing the cup film-side down on aflat surface, tamp the sample into the cup. The end of the pestle
makes a convenient tamper. If you intend to re-use the sample, you can, aternatively, place afilter-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 arecord of the sample number, the site and location, the date of the sample, and any other
relevant comments.

sample cEp

—  [ndented ring

e — — rayier Gl cirele

Fig- 308 Secure the film by snappieg the collar on o the cup Fig. 3.0% Fasien the cap on the cup.

Preparing samples of liquids, sludges or dust
Liquids:

Fill an XRF sample cup with the liquid to be tested (Use no cotton). It is best if some overflows when the
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cap is put on, since the cup must be full.
Sludge:

Sludge can be placed directly in an XRF cup for screening. Thisis 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 afunnel to place the samplein 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 60-mesh sieve to isolate and test only fine particles.

The bulk testing platform

The test platform (Figures 3.10a,b) is an accessory fixture for holding bulk samples (such as soil or
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 aflat, solid surface. Place the sample cup in the receptacle of the
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).
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Chapter 4: Analyzing thin samples

Overview

The NITON XL can test 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 awide 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,

o dust wipes,

« filters used for measuring suspended and dissolved metal concentrationsin liquids, and

« thin coatings deposited on substrates.

Contamination captured on filters or wipesis 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
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results, severa 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 wipesis 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). Seethe section titled " Setup Thin Sample Mode".

Note: Beforetesting in Thin Sample Mode, turn your NITON on at least 15 minutes prior to
testing. Thiswill give you mor e precise measur ements.

| Setap Meno
| Test Swil, Bulk Samples
| (==1 Setup Thin Sample Mode
aefup Fuml Mode
Imstrumncat Specfication
Set Time
IMlumirsde Screen
EALT 1o Mam Menu

Fig. 401 S#tap Menu. Than Samgpbe Mode

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.

The front end of the platform is designed to facilitate testing 37 mm personal exposure filters. The 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 NITON's 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.

Filfer tpef positione
{for persorel exposure
filtera)
Fig. 404 Opsgralicon Mode .‘-
2ele 37 mm CD Fibiers

=

Figure 4.01
The NITON Thin

Samnple t=of platform.

filtar tast platiorm |9
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37mm CE and fiberglass filters

Before testing 37mm filters, access the Setup M enu, 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

r[ e I':l|'\-|‘":|I|||_r| Moda,
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Fig. 4.0 Oiperaiion Mods
salect 59 mm CD Filers

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 ssmpling cassette and load it in afilter sleeve.

The plastic air sasmpling cassette (Figur e 4.05) is closed-face; an open-faced cassette would be missing
the top section and plug. Thefilter 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.

Note: To avoid contaminating the test results, wear clean surgical gloves. Take a sleeve. Pedl back
thetop 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 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.
Close the sleeve. It doesn't matter if the sleeve wrinkles some.

Note: It isadvisableto practice with several blank filter cassettes before using real samples.
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Positioning a filter

Place the sleeve on the test platform. The test platform has a built-in filter holder, designed to hold 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, each
from adifferent area of the filter (Figure 4.07). The XL or 700Series will automatically calculate the
total loading, in micrograms, when you complete the three readings. The filter holder has ridges that hold
the filter in position for each of the three required readings.

Y ou must measurethe center of thefilter first (Figure 4.08). Place the filter against the middle ridge
of thefilter holder. Thisreading is multiplied by a different coefficient than either of the other reading,
hence the order isimportant. Take the first measurement as described in the section Taking One Reading.

Note: The order isimportant: The middle-of-the-filter reading must be donefirst.

Next, slide the filter to the outermost ridge. Take the second measurement (the top of the filter). Finaly,
dlide 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 aflat, 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. If you 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 continueto test until you lift the instrument from thetest
platform.

3. Watch for indications of ead 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, smply push it
closed. Then call 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 micrograms/cm? of lead (Figures. 4.09 a-c).

Note: On multi-element models, the initial M easur ement Screen always shows lead because lead is
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the element most commonly measured in Thin Sample mode. The element with the next highest
concentration (in micrograms/cm?) is also shown. To see the other elements, press and hold

Clear/Enter for two seconds (Figure 4.09 d). Use the Arrow buttons to scroll through thelist of results
for all elements.

The Final Result screen
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The Final Result screen (Figure 4.10) isdisplayed only after all three measurements are complete. 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
Final Result screen is given the next reading number.

This screen isdivided 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 isa
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. Finally, thereisalist of
these same undetected elements displaying for each the weighted sum and twice the standard deviation
(95% confidence level) that the instrument cal cul ated.

These three lists will not fit on the screen at one time. Use the Arrow buttonsto 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 x 10 inchesin 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 Y ork
State Department of Transportation (NY SDOT). 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 4.12). 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 thelead on afilter is
removed from thefilter and redeposited on the instrument. Hence, wipe the bottom of the
instrument to avoid compromising futuretests. You may want to have the wipes analyzed. Note
that since the accuracy for thismethod (and for laboratory analysis) is 10-20%, the small error due
to removing dust is negligible and can beignored.

Taking a Reading
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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 are still on the sampler (e.g., a Graseby
Sampler). First, shut off the sampler. Then place the plunger guard over the NITON. The NITON (with
plunger guard) will fit inside of the frame holding the filter.

Take two measurements, as described in the previous section. Y ou will need to hold the NITON against
the filter for the length of each test. The test will end when you lift the NITON from the filter. Wipe the
instrument and guard after testing each filter.

The official protocol for this procedure is under evaluation by the NY SDOT.

Note: Only test for lead, zinc, and arsenic when testing filtersdirectly on a sampler. The steel grid
supporting thefiltersmakesit impossible to measur e small concentrations of other elements.

Pictitre removeil
for editing

Reading the display

The Measurement screen

The Measurement screen is displayed during each test and is accessible after the test is complete. The
screen shows each of the two measurements in micrograms/cm? of lead (Figure 4.13 a,b).

When the two measurements are complete, the XL or 700Series automatically averaged the results to
yield the average loading in micrograms/cm?2. The average is multiplied by 404 cm? to yield the total

lead and other metals, in micrograms. These results are displayed on the Final Result screen (Figure
4.13c).

Note: Even on multi-element analyzers, lead is always displayed on thefirst screen. Lead isthe
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element most commonly measured in Thin Sample mode. To display the next screen, which shows
theresultsfor other elements, press and hold Clear/Enter for two seconds. Use the Arrow buttonsto
scroll through thelist of resultsfor all elements.
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The Final Result screen

The Final Result screen (Figure 4.13c) is displayed only after both measurements are complete. Final
results are in units of micrograms. On 700Series 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 Final
Result screen is given the next reading number.

This screen isdivided into three parts. The first shows the metals detected. For the XL-309, only lead is
listed. For the 700 Series, all of the detected elements are listed, in order of decreasing amounts. Next isa
list of elements where the result was less than the cal culated detection limit. The XL-309 (for lead) and
the 700 Series calculate the detection limit for every sample. The detection limit is calculated using EPA
protocols, that the detection limit is three times the standard deviation. Finally, thereis alist of these
same undetected elements displaying for each the weighted sum and twice the standard deviation (95%
confidence level) that the instrument cal cul ated.

These three lists will not fit on the screen at one time. Use the Arrow buttonsto scroll up or down the
screen.
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Other air-monitoring filters

L ow-volume air-sampling techniques use 47 mm diameter filters. The NITON can test these aswell. The
filters are usually very uniform, so taking a single measurement of the center of the filter isaviable
option. Use the Standard Thin Sample mode (See Page 59) for this. Results are given in
micrograms/cm?. The operator should multiply by the area of the filter to obtain resultsin micrograms.
Sum or average several readings, or have the results automatically multiplied by using the

User -defineable Thin Sample mode to specify a protocol that satisfies your requirements (See Page
60).

Dust Wipes

This section describes the testing of dust wipes. The wipe, recommended by NITON and used in the
ELPAT program, is the PaceWipe. It is available from:

Pace Environs
207 Rutherglen Drive
Cary, NC 27511
(800) 361-5323

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 nonethel ess tentative pending approval.
The NITON displays levels of contamination in micrograms per wipe. The wipe reflects the
contamination of the area wiped. Current regulations require lead contamination below 100
micrograms/ft2 on floors, 500 micrograms/ft2 on window sills, and 800 micrograms/ft2 in window wells.

Note: For the current softwarerelease (Version 5.0) the XL and 700Series provide quantitative
resultsfor lead only. You may use the 700 Seriesfor screening of other metals on dust wipes, but
element-specific correction factors must beimplemented in the firmwar e to make non-lead

measur ements quantitative. Please contact NI TON regarding timetablesfor new firmwar e releases
that will offer thisfeature.

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 measured 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 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). Y ou now have a pad measuring about 1 x 1.5
inches (2.5 x 3.7 cm). It isimportant to fold the wipe neatly, so the final wipeisvery nearly a neat square
measuring about 1 x 1.5 inches.
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Folding the dust wipe. Start at the top left and
proceed counterclockwise, making five folds,

Then put the folded wipe in one of the plastic baggies provided, and place the wipe, in the baggie, in the
metal dust wipe holder (Figure 4.15). The dust wipeis 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

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 turning 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
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See Taking a Reading for 37mm Filters (See Page 49).
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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 micrograms/cm? 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. Thisresult is given in the Final Result screen (Figure 4.17€).

Note: Even on 700 Seriesinstruments, only two elements are displayed on thefirst screen: lead and
the element with the highest concentration (other than lead).

To display the next screen, which shows the results for other elements, press and hold Clear/Enter for
two seconds. Use the Arrow buttonsto scroll through the list of results for all elements.

The Final Result screen
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The Final Result screen (Figure 4.17e) isdisplayed only after al four measurements are complete. 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
Final Result screen is given the next reading number.

This screen isdivided 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. Finally, thereisalist of
these same undetected el ements displaying for each the weighted sum and twice the standard deviation
(95% confidence level) that the instrument cal cul ated.

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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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 |eaves of
plants. Operators who want to make a single measurement and obtain a result in units of micrograms/cm?2
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, thereis no Final

Result screen in this mode. The results of each test are given in micrograms/cm? for lead only (XL) or
for up to 14 elements (700Series).

Note: Using Standard Thin Sample Mode to test any 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 coatingsin
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/cm? of lead (Figure 4.18). For the 700 Series
the screen displays lead and the element with the highest concentration other than lead, in

micrograms/cm2. When the measurement is concluded, the display is changed to show all the elements,
in micrograms/cm? (Figur e 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. Next isa
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,
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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. Finally, thereisalist of
these same undetected elements displaying for each the weighted sum and twice the standard deviation
(95% confidence level) that the instrument cal cul ated.

Note: In Standard Thin Sample mode all resultsarein units of micrograms/cm?.

User-definable thin sample testing

User -definable 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

Y ou specify your own measurement protocol in this mode. When you select User -Definable from the
Setup Thin Sample M ode menu, the screen (Figure 4.20a) is displayed. The menu allows you to
customize an application. Y ou can average or sum your choice of up to 9 of readings.

In most custom applications, where deposits on athin 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: Usethe Arrow buttonsto select either Avg or Sum. Press Clear/Enter. Y our choice
will be shaded. If Avg ischosen, your NITON will average the number of readings you have specified. If
Sum 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 buttonsto increase or decrease the number of readings you wish to average or sum. Press
Clear/Enter. The number must be between 1 and 9. (Refer to Figure 4.20b.)

* Range: Thisallows the operator to set the numeric range of the coefficents, from 0.0001 to 9999. The
same range must be used for all coefficients. First, set the decimal place by using the Arrow buttons.
The decimal place determines the range of possible values for the coefficients. When the decimal placeis
set press Clear/Enter. (Refer to Figure 4.20c.)
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* 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
Clear/Enter to move to the next digit to the right. To move to the next digit without changing the current
digit, press Clear/Enter. Repeat this process until every digit of the coefficient has been set. After every
digit has been set, press Clear/Enter to move to the next coefficient. When finished with the last
coefficient, press Clear/Enter to return to the Main M enu. By setting coefficients, you can calculate a
weighted sum, in which the result of each reading is multiplied by the coefficient entered for that reading.
For asimple (un-weighted) sum, set each coefficient to 1.0. All unused coefficients should be set to 0.0
(0.0 isthe default setting).

From the Main Menu, enter Calibrate and Test. When the NITON is finished self-calibrating, you may
begin testing.
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Example:

Suppose you would like to perform aweighted 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
#of Rdgs=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.

When you conclude each measurement within the protocol, the analyzer will display the results, in
micrograms/cm? (Figur e 4.09a). When the protocol is complete, the analyzer will display a Final Result
screen (Figure 4.09d).

Note: The units of measurement will be deter mined by the coefficients you have chosen. In
" User-Definable" Mode, the units are not necessarily micrograms.

NITON

Back to the Table of Contents
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Chapter 5: Analyzing lead paint

Overview

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, al 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-paint testing. Use only thethree
Paint Testing Modes (on 701-A, 702-A, 703-A, and XL-309 analyzers) to test lead-based paint.

Getting started
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1. Turn on your NITON Analyzer
2. Usethe Arrow buttons to select

Setup menu

from the Main menu. Press Clear/Enter (Figure 5.01).

3. Usethe Arrow buttons to select

Setup Paint mode

from the Setup menu. Press Clear/Enter (Figure 5.02).
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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 |ast settings entered. To change settings, enter Setup Paint Protocol from
the Setup Paint screen. The Setup Paint Protocol screen alows you to set the Action-level and beep

times (Figure 5.03). When you have set the paint protocol, the instrument 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 + Spectraor K & L Readings + Spectra. When you 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 Sep 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.

Caution: Check the Date and Time displayed on the Ready to Test screen. If they arenot correct,
reset them befor e taking any measur ements. Y our readingswill not be accur ate unlessthe date and
timeare correct.
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Taking a measurement

Warning: Alwaystreat 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 theinside of aroom, avoid standingin
the path of the NITON'sradiation beam. Thedirection of the beam isdrawn on the cover of the
instrument (Figure 5.06 a,b). It iseasier to avoid theradiation beam if you hold the instrument in
your right-hand.
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How to take a measurement

1. Push the safety slide (that locks the shutter release) out from under the shutter release. When the dlide
isin 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-code reader and
wrist-mounted bar codes. Flick the Bar code Reader across one of the bar codesto display the Data
Entry screen (Figure 5.08). Enter the test location and other test information with the Bar code Reader .

3. Place the NITON on the painted surface, squeeze the shutter release, and press the NITON against the
surface.

Note: The shutter-releasetrigger must be activated and the window at the back of the instrument
must be flush against the surface for instrument to takereliable 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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Fig. 5,08 Barcode Data Entry Screen

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.

Warning: In the unlikely event that the plunger getsstuck in the open position, ssmply push 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 atime. To set up the Averaging Screen,
hold down the Clear/Enter button to toggle through the testing and data entry screens to the Reading
Averaging screen (Figure 5.09). If you select Y esto 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 5U8 inch (1.6
cm) isrequired.

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
itswindow isflat on the surface. The rest of the instrument doesn't have to lieflat. E.g., on dlightly
rounded clam shell trim, turn the NITON at right angles to the trim so that its window runs parallel with
the length of the trim (Figure 5.11). On acast 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 under estimate the amount of lead present. On very highly curved surfaces, your
NITON can only be used to positively identify high concentrations of lead.
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How long is a Test

In any of the three paint testing modes, your NITON can measure paint samplesin aslittle 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 M ode and Standard Paint M ode + Spectr a, the instrument will measure the 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 has been attained. InK & L Mode + Spectra, the
instrument will also display a"Positive" or "Negative" result and will beep as soon as a 95% confident
reading is attained. Y ou then have the option to continue readings until you have achieved a given
reading time or degree of precision.

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 thereislead in the sample, the instrument will indicate L ead present on the Please Wait
screen.

When a 95% confident reading is achieved, the instrument will display the reading number; either a
"Positive" or "Negative" reading; the result in mg/cm?2; the reading time in nominal (source) seconds; and
will display Surface lead for al positive readings where the lead is not shielded by layers of non-leaded
paint (Figures5.12 a,b).
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Wil Specum Displayed

Standard Mode + Spectra isidentical to Standard Mode except that the x-ray spectrais displayed with
each reading.

InK & L Mode + Spectra, the instrument displays the following information, updated continously
during each reading: the reading number, the nominal seconds, the L-shell 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 readingin K & L + Spectra mode, before a 95% confident Positive or Negative
deter mination has been made, the instrument displaysa " Null" test result (Figure 5.14). When a
95% confident deter mination has been made, the instrument beeps, and the reading classification
switches from Null to either Positive or Negative.

depth incex 'f
i -,
4 3 1.00
oy
i
il \
Roz N

e
4] pA BIF E:w_l.j

L. O 404

K 1.3 412

M
o M _
41 pA 25 B-10.3

EdR 177 MULL

1. 514 Ing sl Readingy MULL
- i'.u.::l;.-.nqu.:ﬂ.li.-'mg-ms

http://www.niton.com/ch5.html (8 of 11) [12/21/2000 7:45:49 PM]



Exported XL Manual 6/97 - Title

The Depth Index (K & L + Spectra mode)

The Depth Index (DI) isanumerical indication of the amount of non-leaded paint covering the lead
detected by the instrument. The position of the DI on the screen isindicated by an arrow painted on the
front of the NITON (Figure5.13). A DI lessthan 1.5 indicates lead very near the surface layer of paint.
A DI between 1.5 and 4.0 indicates moderately covered lead. A DI greater than 4 indicates deeply buried
lead.

Averaging readings

Two or more readings may be averaged by specifying the parameters in the Averaging Screen (Figure
5.15). To start or stop averaging, go to the Averaging Screen by holding down the Clear/Enter button
until the screen appears. Y ou may enter the Aver aging Screen whenever the instrument in one of the
paint testing modes. Once in the Averaging Screen, press Clear/Enter briefly to move the cursor
between lines on the screen. Press the Arrow buttonsto change averaging parameters. If, for example,
you set the # to avg at two, subsequent tests will be grouped in twos and averaged.

To add the next measurement to the current average, enter Avg YES; if you enter Avg NO the next
reading will not be averaged. Use the Arrow buttonsto toggle between Avg YES and Avg NO.

Avg. Prev: TES

Fdgs Awvail: 9

Fio Avg |3_

FAg. 5.15
Reading Averaging Sereen

Toggling between paint modes

At any time when areading is displayed, you may toggle from the paint mode you are in to one of the
other paint modes by pressing Clear/Enter until that paint reading is displayed in the desired paint
mode.

Note: Your NITON will continueto takereadingsin the most recently displayed paint mode until
another paint modeis selected. If you scroll to previous readings using the Arrow buttons, the
instrument will also display the readingsin the current paint mode being being displayed,

regar dless of the paint mode that was used when the readings wer e taken. Y ou toggle between
paint modes after any reading ssmply by pressing and holding the Clear/Enter button until the paint
mode you want to see appear s on the screen.
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SpectraView

SpectraView is standard on al 700 models. SpectraView comes with XL-309s equipped with either the
optional L ead-in-Soil Analysis package or the Dust Wipe Analysis package. SpectraView isaso
available on XL-309s as a separate option. With SpectraView, you can quickly scan the entire x-ray
spectrum for a non-quantitative assessment of dozens of elements.

How to use SpectraView:

After taking a paint measurement in any mode, you can toggle to the SpectraView screen (Figure 5.16)
with the Clear/Enter button. Once in the SpectraView screen, use the Arrow buttonsto scroll through
the spectrum. The vertical curser-line indicates the current position along the spectrum.

Clouni rate a1
peak in specinam
s
-
134.7 —=
InKh 12
9.60 EeV
LbLa 100
10.5 EeV
AsKa 100
10.53 KeV o

Imbensity, counis/sec

Enezgy, ke'V
E

E= I[I.'.TnLS KeV R: 1126 .
1'|_ = g

Emexgy st cursor Cloumi rate in the
posEition cursar énergy bin

Fig. 5.16 SpectraView Screen
Cursor (dashed line) is ar 10.35 KeV

In SpectraView mode, the spectrum is displayed in alinear scale, auto-scaled so that the highest peak on
the screen reaches the top of the scale. To the left of the spectrum is alist of the elements with XRF
energies close to where you are currently looking on the spectrum. (Figure 5.17). To determineif agiven
element is present, look at the bottom of the screen. Next to the number indicating the position of the
Spectraview cursor on the energy-level scale (from 4 to 100 keV) is a number representing the x-ray
count rate (in counts per second) at that energy-level.

Note: SpectraView cannot be used to deter mine exact element concentrationsin a sample.

SpectraView zoom

To look at a part of the spectrum in greater detail, use the SpectraView zoom feature.
1. Use the Arrow buttons to move the cursor to the center of a spectral peak.

2. Push Clear/Enter four timesin rapid succession.
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3. The part of the spectrum you were looking at will appear in expanded form so you can look at it in
detail (Figure 5.18).

To exit SpectraView

To exit SpectraView and continue testing, Simply start another measurement. The measurement will be
taken in the last paint testing mode you used.
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Chapter 6: Radiation Safety

NITON has designed its XRF analyzers so that there is virtually no measurabl e radiation external to any
part of the instrument when the shutter is closed. When our instruments are used according to
instructions, there is minimal radiation exposure even with the shutter open. NITON XRFs contain sealed
cadmium; g radioactive sources. The source is designed to remain 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 apertureis
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 proof screws.

The following table lists typical radiation doses encountered in everyday living and lists the annual
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occupational radiation dosage limits for adults set forth in NITON's Materials license from the Rhode
Island Radiation Control Agency, Section A.2.3.

» Typical Radiation Dosesin mR (NCRP, 1987)

« Averagetotal dosein US. (annual) o 360 MR
« Average worker exposure (annual) « 210mR
« Average exposure for underground miner (annual) e 400 MR
« Exposurefor airline crew (1,000 hours at 35,000 ft) « 500 MR
« Additional from living in Denver at 5300 (annual) « 25mR
« Additional from 4 pCi/l radon in home (annual) o 1,000 MR
o Typical chest x-ray « 6MR

« Typical head or neck x-ray « 20mR
o Typical pelvighip x-ray e 65mMR
o Typical lumbar spine x-ray e 130mR
o Typical upper G.I. x-ray e 245mR
o Typical barium enema x-ray e 405mR
o Typical CAT scan « 101 mR
Minimum detectable dose on a standard film badge e« 5MR

« Annua occupational dosage limits:

« Maximum allowable for the genera public (annual) « 500 MR

« Annua Occupational Dose Limits for Adults:

o Thelesser of (1) total effective radiation dose « 5,000 MR
« or the (2) sum of the deep dose equivalent plus the

committed dose equivalent to any individual organ o 50,000 mR.
or tissue other than the lens of the eye

« For apregnant worker or aminor « 500 mR.

« Eyedose equivalent « 15,000 mR.
« Shallow dose equivalent to the skin or any extremity « 50,000 mR.

How to use your NITON safely

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:

« Always be aware of the location of your instrument's radioactive source and the direction of its 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 atest.
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During testing, a strong beam of radiation (gamma-rays and x-rays) is continuously emitted through the
beryllium window at the bottom of the NITON. There will be some radiation at the front and top-front of
the instrument. There is negligible radiation where your hand should be holding the instrument.

Plunger, Shutier Reledse Inspection Area

Fig. 6.01 Froothotiom view of XL showing
the position of the inspection window and the source,

RE. 607 Froottop vew of X1 showing
e poenes of the inspaction window and the s,

Warning: Alwaystreat 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 your self or anyone else when the
shutter isopen.

Caution: When testing the exterior of the window from the inside of aroom, 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
6.03). It is easier to avoid the radiation beam if you hold the instrument in your right hand.
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ACTIVITY

S55AY DATE
SERIAL ¥

Direction of the beam
of x-rays from the source

Fig. 6.03 End plate. Do not put yoor hand on this plate
during a test. The rdiation levels are very low bat much
higher than at the recommended hand position.

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.

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 atest.
2.Under 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 theunlikely event that the plunger gets stuck in the open position, smply push it
closed. Then call the NITON Service Department at (401) 294-1234.
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Monitoring your radiation exposure

Thereisvirtually 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 mR/hr 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 al times when using the instrument.

Note: Your state may have regulations concer ning 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 dosimetersis:

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 exposur e after the fact. If, at any time, you find measur able exposure, call
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NITON immediately at (401) 294-1234.

The principles of radiation safety

Y our exposure to radiation is related to three factors: time, distance, and shielding. Human exposure to
radiation istypically measured in rems, or in one-thousandths of arem, called millirems (mR).

As noted previoudly in this chapter, the allowable limit in the US. for occupational exposureis 5,000
mR/year for awhole-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 per
year.

Warning: Pregnant female wor kers may want to take special precautionsto reduce their exposure
to radiation. Qualified scientists have recommended that the radiation dose to pregant women
should not exceed 500 mR/year because of possiblerisk 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 greater
the dose you receive. Dosage increases in direct proportion to the length of exposure.

Distance from the sour ce

The closer you are to a source of radiation, the more radiation strikes you. The dosage increasesin
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 greater 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.

Shidding

Every NITON XRF emits virtually no radiation with the shutter closed because the cadmium;qg SOUrceis

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 instrument emits a
directed radiation beam of about one mR/hr intensity; the direction is clearly indicated by the diagram on
the front of the NITON. Always hold your NITON so asto avoid the radiation beam.
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~ Instrument radiation profiles

Radiation Profile of Niton XL Model 309 on Sheetrock Substrate
in mBJ/hr for 10 mCi Cd'"" Source with Shutter Closed (Nov 7 93
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Radiation Profile of Niton XL Model 309 on Sheetrock Substrate
in mR/Mr for 10 mCi Cd"™ Source with Shutter Open (Nov 7 93)
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Radiation Profile of Niton XL Model 309 on Wood Substrate
in mR/hr for 50 mCi Cd'™ Source with Shutter Closed (Sept 14 54)
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Instrument radiation profiles

Wipe testing

The shielding on your NITON is designed to hold up even under extreme conditions, including the
instrument'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 (Figur e 6.05).

NITON's license requires that |eak tests be done every 6 months. Leak test kits, with full instructions, are
available from severa 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
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to the laboratory. The following are just afew of the labs that offer |eak tests:

Applied Health Physics
2986 Industrial Blvd.
Bethel Park, PA 15102

Tel: (412) 835-9555

Stan A. Huber Consultants
200 N. Cedar Road
New Lennox, |IL 60451
Tel: (800) 383-0468

Valley Safety Services
330 Old Enfield Road
Belchertown, MA 01007
Tel: (413) 323-9571

Location of Wipe Test wipes
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MNote: Must be done with shutter closed
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If your NITON isdamaged, destroyed, lost or stolen:

|mmediately
« Notify the Office of Radiological Safety in your state Dept. of Health.

Telephone:
« Notify NITON Corp's Radiation Safety Officer, Dr. Don Sackett.

During regular business hours: (800) 875-1578

Evenings and weekends: (617) 275-1424
o If your NITON islost or stolen, or damaged in a car accident:

Also immediately notify your state police.

Telephone:
o If your NITON isdamaged in afire 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.

NITON

Back to the Table of Contents
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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. 700's also
have excellent detection limits for lead and mercury, as well as for gold, tungsten and uranium, which are
not ordinarily displayed. 700's detect barium, chromium, cobalt, iron, manganese, and nickel with
somewhat |ess sensitivity; the same applies to calcium, scandium, titanium, and vanadium, which are not
ordinarily displayed. Finaly, 700'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
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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 elementsin certain situations. Interference occurs when the spectra of two or more elements
partialy or totally overlap (that is, the elements have nearly identical x-ray flourescent energies).

Note:

All NITON analyzers correct automatically for cross-element interferencein all modes. These
corrections ar e performed automatically and continuously, throughout each test.

NITON instruments correct for these cross-element interferencesin al 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 alarge 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 (DQOQOs) for
the particular site and job. For what purpose is the data being collected? What types of decisions will be
made as aresult 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-classification of samples?

The answers will help to determine the precision and accuracy you need to attain for different 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 datain your study, it is essential to develop awritten 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 awritten 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.

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.
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Note: Your instrument should be calibrated before and after testing and at least once per hour
during testing.
Check your instrument by testing Standard Samples of known concentration every time you calibrate.

Check both alow-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.
Small 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 alab. Y our 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. Thisis because the linear range of the Compton Normalization Method is from O ppm to
approximately 10,000 ppm (1%). For actual concentrations of 10,000 ppm to 20,000 ppm (1% to 2%),
NITON's may overstate the elemental concentration. For content above 20,000 ppm (2%), readings may
exhibit even greater deviation.

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 avery high
concentration of lead. If you 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 measured result. For every
measurement, the NITON gives an uncertainty range that represents a 95% (or "2-sigma’) confidence
interval. The 95% confidence interval isthe interval between the

measured-result-minus-the-uncertai nty-range to the measured-result-plus-the uncertai nty-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.
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Detection limits (DLS)

The detection limit (DL ) isthe lowest concentration of analyte in a sample that can reliably be
distinguished from zero concentration in asample. In XRF, the DL isusually 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 biasis 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 of analyte that can be reliably measured at high
enough precision to allow comparisons among measurements. The XRF industry usually defines QL as
10 times the standard deviation (or "10-sigma") or fluctuation in the background level. QL istherefore
3.33 timesthe DL. Similarly, the method quantitation limit (MQL) issimply 3.33 timesthe 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

Warning: Alwaystreat 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.

Warning: Wearing a dosimeter badge does not protect you against current exposure. A dosimeter
measur es your exposur e after the fact. If, at any time, you find measur able exposure, call NITON
immediately at (401) 294-1234.

Warning: Pregnant female wor kers may want to take special precautionsto reduce their exposure
to radiation. Qualified scientists have recommended that the radiation dose to pregnant women
should not exceed 500 mR/year because of possibleincreased risk to the fetus.
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Warning: In the unlikely event that the plunger gets stuck in the open position, smply 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 exposureto 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 wher e toxic chemicals may be present.

Warning: Grinding and sieving dried samples produces dust. Even clean soil contains silica, which
may be hazar dous when airborne. Prepare all samplesin a ventilated area; wear a mask, gloves,
and an apron; and spread a drop cloth.

Warning: Do not hold bagged bulk samplesin your hand during testing.

Summary of cautions

Caution: Do not attempt to make repairsyour self. All Service except exterior cleaning must be
performed by NITON Cor poration. Any attempt to open your NI TON instrument will void the
instrument warranty.

Caution: Do not return your NITON without the carrying case. Y ou 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. NITON's 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 aleak 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.

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 arate of about 2% per day when not
in use.

Caution: If you try to calibrate the instrument and it does not calibrate successfully, push the Reset
Button on the bottom of the instrument and recalibrate. If your NITON does not calibrate successfully in
three attempts, please call the NITON Service Department at (401) 294-1234.

Caution: Check the Date and Time displayed on the Ready to Test screen. If they are not correct, reset
them before taking any measurements. Y our readings will not be accurate unless the date and time are
correct.
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Caution: Never tamper with Test Standards. They should not be used unless they are completely intact.

Caution: The Standard Thin Sample Mode should not be used for quantitative lead-paint testing. Use
only the three Paint Testing modes to test |ead-based paint.

Caution: When testing the exterior of the window sash from the inside of aroom, 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 if you hold the instrument in your right-hand.

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 of
operation, each product sold (except for components not of its manufacture) against defects of material
and workmanship, provided that such product has been properly utilized. This warranty appliesto 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 suppliersto NITON Corporation 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 described 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 returned, 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 F.O.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 hereunder. The purchaser will be responsible for risk of loss in both direction. Replaced
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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.

(d) 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 defectsin the product or because of the purchaser's
inability to operate it or useit to his satisfaction. NITON Corporation will not be liable to anyone for
special or consequential damages of any kind. NITON Corporation neither assumes nor 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 WARRANTIES,
REPRESENTATIONS, OR GUARANTEES, EXPRESS OR IMPLIED, EXCEPT AS ARE
EXPRESSLY SET FORTH HEREIN. THE FOREGOING WARRANTY ISTHE ONLY WARRANTY
MADE BY NITON CORPORATION. ANY IMPLIED WARRANTY OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE ON THIS PRODUCT ISLIMITED IN DURATION TO
THE TWO YEAR DURATION OF THISWRITTEN WARRANTY. SOME STATES DO NOT
ALLOW LIMITATIONS ON HOW LONG AN IMPLIED WARRANTY LASTSOR THE
EXCLUSION OF LIMITATION OF INCIDENTAL OR CONSEQUENTIAL DAMAGES SO THE
ABOVE LIMITATIONS OR EXCLUSIONS MAY NOT APPLY TO YOU. THISWARRANTY
GIVES YOU SPECIFIC LEGAL RIGHTSAND YOU MAY ALSO HAVE OTHER RIGHTS WHICH
VARY FROM STATE TO STATE.

NITON Back to the Table of Contents
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8: Appendix A

X-ray emission energies by atomic number

Atomic o Average| KeV of X-ray | Fluor.

° K o K [ L L] L L4 L
alpha beta | alpha | beta | gamma

o fitanium o Ti o« 22 e 4790 |o 45 e« 49
« Vvanadium e V o 23 e 5094 |o 49 e 54
e chromium o« Cr o« 24 e 5200 |e 54 e 59
e Manganese |[¢ Mn e 25 e 5494 |e 59 e 65

« Element

« Name e« Symbol| « No. | Weight

e iron . Fe o« 26 e 5585 |« 64 e 7.1
o Cobalt « Co o« 27 « 5893 |« 6.9 o« 7.6
o nickel e Ni o 28 e 5870 |e 75 « 83
o cCoOpper . Cu e 29 e 6355 |« 80 « 89
e ZiNC e Zn « 30 « 6538 |« 86 « 96
e gdlium e Ga e« 31 e 69.72 |o 9.2 « 103
o germanium o Ge « 32 e 7259 |e 99 « 110
e arsenic e As e 33 e 7492 |o 105 o 117
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o Selenium e Se « 3 e 7896 |o 11.2 o« 125

o bromine o Br e 35 e 7990 |o 119 o 133

« krypton o Kr o 36 o« 83.80 |» 126 o 141

e rubidium e Rb o« 37 o 8547 |o 134 « 150

 strontium e Sr . 38 « 8762 |0 141 « 158

o yttrium e Y o 39 « 8891 |« 149 . 16.8

e zirconium o Zr e 40 e 91.22 |o 157 o« 17.7

o hiobium « Nb o 41 e 9291 |o 16.6 . 186

o molybdenum |« Mo o 42 e 9594 |« 174 « 19.6

o tellurium . Te o 52 e 12760 (o 27.4 e 311e 38 |e 40 |o 46
« iodine o | o 53 e 12690 |« 285 e 3246 39 |e 42 |« 438
e Xenon .« Xe o« 54 e 131.30 |« 29.7 e 338le 41 |e 44 |o 50
e Cesium e« Cs e 55 o 13291 |« 30.9 e 351fe 43 |e 46 |o 53
o barium « Ba o 56 o 13733 |« 321 e 366fe 45 |o 48 |¢ 55
o lanthanium | La o« 57 o 13891 |« 33.3 e 380fe 47 |o 50 |o 58
e Cerium . Ce . 58 o 140.12 |« 34.6 e 3956 48 |e 53 |¢ 6.0
e praseodymium|e Pr e 59 o 14091 |« 35.9 e 410fe 50 |e 55 |« 6.3
o neodymium |« Nd e 60 o 14424 |o 37.2 e 425|e 52 |¢ 57 |o 6.6
o promethium |« Pm o 61 e (145) |o 385 e 440fe 54 o 6.0 |¢ 69
e Samarium e Sm o 62 e 150.35 |« 399 e 456/e 56 |0 6.2 |0 7.2
e europium « Eu o 63 e 15196 |o 41.3 e 473]¢ 58 |¢ 65 |« 75
o gadolinium |« Gd . 64 o 15725 |« 428 e 489e 6.1 |0 6.7 |o 7.8
o terbium « Tb e 65 o 15892 |« 44.2 e 50.7e 63 |¢ 7.0 |« 81
o dysprosum |« Dy . 66 o 16250 |« 45.7 e 5241e 65 |0 7.2 |o 84
e holmium « Ho o 67 o 16493 |« 47.3 e 542)e 67 |o¢ 75 |0 87
o erbium o Er . 68 . 167.26 |« 48.8 e 56.0fe 69 |¢ 7.8 o 9.1
« thulium e Tm o 69 « 16893 |« 50.4 e 578le 7.2 |¢ 81 |o 94
o ytterbium « Yb « 70 e 173.04 |« 52.0 e 50706 74 |o 84 |o 9.8
o lutecium e Lu o« 71 e 17497 |e 53.7 e 616/ 7.7 |o 87 |o 10.1
o hafnium o Hf o« 72 o 17849 |« 554 e 63.6/e 79 |o 90 |o 105
o tantalum « Ta o 73 e 180.95 |« 57.1 e 65.6/e 81 |o¢ 93 |o 109
« tungsten « W o 74 « 183.85 |« 58.9 e 676/ 84 o 97 |o 11.3
o rhenium  Re o« 75 . 186.2 |« 60.7 e 69.7/e¢ 87 |o 10.0le 11.7
e OSMiUM e Os o 76 e 190.2 |o 625 e 71.8l¢ 89 |o 104|e 121
o iridium o Ir o« 77 e 1922 |o 64.3 e 739 92 |o 10.7e 125
« platinum o Pt o 78 e 19509 |« 66.2 e 7616 94 |o 11.11e 129
. gold e Au o« 79 o 196.97 |« 68.2 e 784 97 |o 114/e 134
le mercury le Hg le 80 le 20059 |« 70.2 lo 80.7)s 10.0 |» 11.8/e 138
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[« thallium Ti 81 |+ 20437 |+ 722 |s 830[s 103 |+ 122[s 143
o lead « Pb . 82 e 207.19 |« 745 e 854/e 105 |o 126/e 148
o bismuth o Bi . 83 « 208.98 e 108 |o 13.0/e 15.2
 polonium « Po . 84 « (209) e 111 |o 134|e 157
o astatine o At o 85 o (210) « 114 | 139 16.2
o radon « Rn . 86 . (222) e 117 | 143|s 16.8
« francium o Fr o 87 . (223) e 120 |o 148|e 17.3
o radium « Ra . 88 . (226) e 123 | 15.2|e 17.8
o actinium o« AcC . 89 o (227) e 127 |o 15.7|e 184
o thorium e Th e 90 o 232.04 e 130 [o 16.2|e 19.0
e protactinium |e Pa e« 91 . (231) e 133 |o 16.7|e 19.6
e uranium « U o« 92 « 238.03 e 136 [ 17.2]e 20.2
8: Appendix B
X-ray emission energies by element

« Element e Atomic « Average| KeVv of [X-ray| Fluor.

« Name |« Symbol| « No. |« Weight a.Jprlfa E)et}; a]prl;a l.)etlé gz;mlr_na

o actinium e AC . 89 o (227) e 127 |e 157e 184
e arsenic e As e 33 e 7492 |o 105 o 117
« astatine o At e 85 . (210) e 114 |o 139 16.2
o barium . Ba o 56 e 13733 |« 321 o 366fe 45 |o 48 |¢ 55
o bismuth « Bi . 83 « 208.98 e 108 |¢ 13.0/e 15.2
e bromine o Br e 35 e 7990 |o 119 o 13.3
e cerium o Ce . 58 o 140.12 |« 34.6 e 3956 48 |¢ 53 |¢ 6.0
e CEsium e« Cs e 55 o 13291 |« 30.9 e 351 43 |o 46 |o 53
e chromium o« Cr o« 24 e 5200 |e 54 « 59
o cobalt « Co o« 27 o« 5893 |o 6.9 o« 7.6
e COpper « Cu e 29 e 6355 |« 80 « 89
o dysprosium |« Dy o 66 e 16250 |« 45.7 e 524le 65 |o 7.2 |0 84
o erbium o Er . 68 o 167.26 |« 48.8 e 56.0fe 69 |o 7.8 |« 9.1
« europium « Eu o 63 e 15196 |« 41.3 e 47.3e 58 |¢ 65 |¢ 75
o francium o Fr o 87 o (223) e 120 |o 148|e 17.3
o gadolinium |« Gd . 64 e 157.25 |« 428 e 489 6.1 |o 6.7 |0 7.8
o galium . Ga o 31 e 69.72 |o 9.2 « 10.3
e germanium | Ge o« 32 e 7259 |e 99 « 11.0
. gold o Au o« 79 o 196.97 |« 68.2 e 784 97 |o 114|e 134
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« hafnium o Hf o« 72 o 17849 |« 554 e 63.6/e 79 | 90 |o 105
e holmium « Ho . 67 e 164.93 |¢ 47.3 e 5421le 6.7 |o 75 |o 8.7
« iodine o | e 53 e 12690 |« 285 e 3241e 39 |o 42 |o 48
e iridium o Ir o 77 e 1922 |o 64.3 e 7396 92 |o 10.7/e 125
e iron . Fe o« 26 e 5585 |« 64 e 7.1

o krypton o Kr o 36 « 8380 |« 126 e 141

o lanthanium | La o 57 o 13891 |« 333 e 380e 47 |o 50 |o 58
o lead « Pb o 82 e 207.19 |« 745 e 854/e 105 |o 126/e 148
o lutecium e Lu o« 71 e 17497 |e 53.7 e 616/ 7.7 |o 87 |o 10.1
e Manganese e Mn e 25 e 5494 |¢ 59 e 65

e Mmercury « Hg . 80 e 200.59 |« 70.2 « 80.7/e¢ 100 |o 11.8/e 138
o molybdenum | Mo o 42 e 9594 |« 174 . 19.6

o neodymium |e Nd « 60 o 14424 |o 37.2 e 425/e 52 |oe 57 |o 6.6
o hickel e Ni o 28 e 5870 |e 75 . 83

e niobium « Nb o 41 e 9291 |o 16.6 . 186

e OSMIUM e Os o 76 e 1902 |o 625 e 71.8/¢ 89 |o 104|e 121
« platinum o Pt o 78 e 195.09 |« 66.2 e 7616 94 |o 11.1/e 129
 polonium « Po . 84 « (209) 111 |o 134|e 157
e praseodymium|e Pr o 59 o 14091 |« 35.9 e 410le 50 |oe 55 |¢ 6.3
o promethium |« Pm o 61 e (145) |e 385 e 440fe 54 |o 6.0 (¢ 6.9
o protactinium |« Pa e 91 e (231) 13.3 |¢ 16.7|e 19.6
o radium « Ra . 38 . (226) 123 |¢ 15.2/e 17.8
o radon e Rn . 36 e (222 11.7 |e 143/« 16.8
o rhenium « Re e 75 o 186.2 |o 60.7 e 69.7(e 87 |o 1000 11.7
e rubidium e Rb o« 37 o 8547 |« 134 « 15.0

e Samarium e Sm o 62 o 150.35 |« 39.9 o 456/e 56 |0 6.2 |0 7.2
e Selenium e Se « 34 e 7896 |0 112 o« 125

« Strontium o« Sr . 38 o« 87.62 |0 141 « 158

o tantalum e« Ta o 73 e 180.95 |« 57.1 e 65.6/e¢ 81 |o¢ 93 |o 109
o tellurium o« Te o 52 e 12760 (o 27.4 e 311le 38 |o 40 |o 46
« terbium e Th o 65 o 15892 |« 44.2 e 50.7/¢ 6.3 o 7.0 |o 81
« thallium o TI . 81 o 204.37 |o 722 e 830/e 103 |o 12.2e 143
« thorium e Th e 90 o 232.04 130 |« 16.2|e 19.0
o thulium e Tm . 69 « 16893 |« 50.4 e 578l 72 |o 81 |e 94
o fitanium o Ti o« 22 e 4790 |o 45 e« 49

« tungsten « W o« 74 « 18385 |« 589 e 676[e 84 |o 97 |o 113
e Uuranium « U o« 92 « 238.03 13.6 |o 17.2|e 20.2
lo vanadium  |s V lo 23 le 5094 |+ 49 le 5.4
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e XEnon

. Xe

. 13130 |s

o« 54 29.7 e 338le 41 |e 44 |o 50

« Ytterbium « Yb « 70 e 173.04 |« 520 e 50706 74 |o 84 |o 9.8

o yttrium e Y « 39 « 8891 |« 149 . 16.8

e Zinc e Zn e 30 o« 6538 |o 86 .« 96

e zirconium o Zr e 40 e 9122 |o 157 o« 17.7

8: Appendix C
X-ray emission energies by energy (keV)

« KeVv o Name e Symbolfe KeV| « Name |¢ Symbolle KeV o Name « Symbol
e 3.8 |eo tellurium « Te 3.9 iodine o | « 40 tellurium « Te
e 41 |e xenon « Xe 4.2 iodine o | e 43 cesium e« Cs
e 44 |e xenon « Xe 4.5 titanium o Ti e 45 barium . Ba
e 46 |o cesiUM e Cs 4.6 tellurium « Te o« 4.7 lanthanum e La
e 48 |o cerium . Ce 4.8 barium . Ba e 48 iodine o |
e 49 |o vanadium e V 4.9 titanium o Ti « 50 praseodymium|e Pr
e 50 |eo lanthanum e La 5.0 Xenon « Xe e 52 neodymium |« Nd
e 53 |o cerium . Ce 53 cesium e Cs « 54 chromium o Cr
e 54 |e vanadium e V 54 promethium |« Pm e 55 praseodymium|e Pr
e 55 ¢ barium . Ba 5.6 samarium |e Sm e 5.7 neodymium |« Nd
o 5.8 |e europium « Eu 5.8 lanthanum |« La « 59 manganese |« Mn
e 59 |e chromium o Cr 6.0 promethium |« Pm « 6.0 cerium . Ce
e 6.1 |e gadolinium |« Gd 6.2 samarium |¢ Sm e 6.3 terbium e Tb
e 6.3 |o praseodymium|e Pr 6.4 iron . Fe e« 6.5 manganese ¢ Mn
e 6.5 |o dysprosum | Dy 6.5 europium e eu . 6.6 neodymium |« Nd
e 6.7 |¢ holmium « Ho 6.7 gadolinium |« Gd « 6.9 cobalt . Co
e 6.9 o erbium o Er 6.9 promethium |« Pm e 7.0 terbium e Tb
e 7.1 |e iron . Fe 7.2 thulium e Tm o« 7.2 dysprosium [ Dy
e 7.2 |e Samarium e Sm 7.4 ytterbium |e Yb e 75 nickel e Ni
e 7.5 [¢ holmium « Ho 7.5 europium |« Eu e« 76 cobalt . Co
e 7.7 |o lutecium e Lu 7.8 erbium o Er e« 7.8 gadolinium |« Gd
e 7.9 |e hafnium o Hf 8.0 copper « Cu . 81 tantalum « Ta
e 81 |eo thulium e Tm 8.1 terbium « Tb . 83 nickel e Ni
« 84 | tungsten e« W 8.4 ytterbium |¢ Yb « 84 dysprosum |e Dy
e 86 |e ziNC e Zn 8.7 rhenium e Re e« 87 lutecium e Lu
e 87 |¢ holmium « HO 8.9 copper « Cu « 89 osmium e Os
e 9.0 |o hafnium o Hf 9.1 erbium o Er e 92 galium « Ga
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e 9.2 |e iridium o Ir e 9.3 | tantalum e Ta e 94 |o platinum o Pt
e 94 |o thulium e Tm e 96 |o zINC e Zn e 9.7 |e gold « Au
e« 9.7 |e tungsten « W e 98 |eo ytterbium |o Yb e 99 |e germanium |« Ge
o 10.0 | mercury « Hg e 10.0 |« rhenium « Re e 10.1 |« lutecium e Lu
e 10.3 [e gdlium « Ga o 10.3 |« thallium o TI e 10.4 |« OSMiUM o Os
o 105 e arsenic e As e 105 (s lead « Pb o 10.5 [ hafnium o Hf
e 10.7 |o iridium o Ir o 10.8 [¢ bismuth . Bi o 10.9 |« tantalum « Ta
e 11.0 e germanium |« Ge e 11.1 |e polonium |e PO e 11.1 |e platinum o Pt
e 11.2 |« selenium e Se o 11.3 |e tungsten « W e 11.4 |« astatine o At
e 114 |e gold e Au e 11.7 e arsenic o As e 11.7 |« radon e« Rn
e 11.7 e rhenium  Re o 11.8 ¢ mercury « Hg e 11.9 |« bromine o Br
e 12.0 e francium o Fr e 12.1 |e 0SMiUM o Os o 12.2 |o thalium o TI
e 12.3|e radium « Ra e 125 (¢ selenium e« Se e 125 e iridium o Ir
e 12.6 |« krypton o Kr e 126 |s lead « Pb e 12.7 |o actinium « AC
e 129 |e platinum « Pt e 13.0|e thorium e Th e 13.0 [¢ bismuth . Bi
e 13.3 |¢ bromine « Br o 13.3|e protactinium|e Pa e 13.4 |e rubidium « Rb
e 13.4 |e polonium « PO e 134 e gold . Au e 13.6 [¢ uranium e U
o 13.8 |« mercury « Hg e 139 | astatine o At e 14.1 |o strontium « Sr
e 14.1 |« krypton o Kr o 14.3 |s radon « Rd e 14.3 |o thallium o TI
e 148 |e francium o Fr o 148 e lead « Pb e 149 |e yttrium e Y
e 15.0 e rubidium « Rb e 15.2 |o radium « Ra e 15.2 |« bismuth o Bi
e 157 |e zirconium o Zr e 157 |e actinium « Ac e 15.7 |« polonium « Po
o 15.8 |« strontium « S e 16.2 |¢ thorium « Th o 16.2 |¢ astatine o At
e 16.6 |« niobium « Nb o 16.7 | protactinium|e Pa e 16.8 |« yttrium e Y
« 16.8 |« radon e Rn e 17.2 |« uranium « U e 17.3 |e francium o Fr
e 17.4 |« molybdenum |« Mo o 17.7 |e zirconium |e Zr e 17.8 |« radium « Ra
e 18.4 |e actinium o AcC o 18.6 [« niobium « Nb e 19.0 [¢ thorium e Th
e 19.6 ¢ molybdenum |« Mo e 19.6 |« protactinium|e Pa e 20.2 e uranium e U
o 27.4 |o tellurium o Te e 285 e iodine o | o 29.7 |« Xxenon . Xe
o 30.9 ¢ cesium e« Cs e 311 |e tellurium |o Te e 32.1 |e barium . Ba
o 324 |e iodine o | e 333 |e lanthanum |« La o 33.8 e Xxenon . Xe
e 34.6 ¢ cerium . Ce o 35.1 | cesium e« Cs e 35.9 e praseodymiun |« Pr
e 36.6 |« barium . Ba e 37.2 |« neodymium |« Nd e 38.0 |« lanthanum e La
e 38.5 e promethium |¢ Pm e 39.5 e cerium « Ce e 39.9 ¢ samarium e Sm
e 41.0 (e praseodymium|e Pr e 413 |e europium |e Eu e 325 (e neodymium |« Nd
e 428 | gadolinium |« Gd e 440 |e promethium [« Pm e 44.2 |e terbium e Tb
e 456 |¢ samarium e Sm e 457 ¢ dysprosium (e Dy e 47.3 ¢ holmium « Ho
le 47.3|s europium l« Eu le 48.8 s erbium lo Er le 489 /e gadolinium |+ Gd
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R 50.4 R thulium v Tm R 50.7 R terbium B Tb R 52.0 R ytterbium R Yb
e 524 e dysprosium |e¢ Dy e 53.7 |e lutenium e Lu e 54.2 | holmium « Ho
e 554 |¢ hafnium o Hf e 56.0 |e erbium o Er e 57.1|¢ tantalum e« Ta
e 57.8 ¢ thulium e TM o 589 |s tungsten « W e 59.7 [+ ytterbium e Yb
e 60.7 |o rhenium e Re e 61.6 |¢ lutecium e Lu e 62.5|¢ 0OSMiuM e Os
e 63.6 | hafnium o Hf e 64.3 |e iridium o Ir e 65.6 |¢ tantalum « Ta
e 66.2 o platinum o Pt e 67.6 ¢ tungsten « W « 68.2 (e gold e Au
e 69.7 |« rhenium  Re e 70.2 |« mercury « Hg e 71.8 ¢ 0OSMiUM o Os
o 72.2 |e thalium o TI o 73.9 [e iridium o Ir o 74.2 |e lead « Pb
e 76.1 e platinum o Pt e 784 |e gold e Au e 80.7 |« mercury - Hg
e 83.0 e thalium o TI e 854 s lead « Pb

8: Appendix D
Chemical composition of NIST samples
Non-certified value standards

Non-certified values are provided for information only. All non-certified values are listed in parentheses.
Standards for many elements do not have certified values. This occurs because (1) some bias is suspected in one
or more of the methods used for certification, or (2) two independent methods of certification are not available.
As more data becomes available, certified-value standards will likely become available for some of these
elements.

Table D-1. High standard certified values

« by percent e by parts
weight per million
« Element ov\?ae_rg%etnt * r:nge « Element « microgramsg ° r:nge
e Aluminum . 6.44 e 008 « Antimony . 384 « 30
« Calcium e« 125 e« 003 « Arsenic o 626 . 38
e lron « 3.38 « 010 « Barium o 707 e 51
e Magnesum « 0853 « 0042 o Cadmium . 21.8 « 0.2
e Manganese .« 1.01 e 004 « Copper e 2,950 « 130
o Phosphorus . 0.106 e 0015 « Lead e 5532 e 80
o Potassum . 211 e 011 < Mercury « 326 « 18
« Silicon e 2897 « 018 « Nicke o 143 « 10
« Sodium « 114 e 006 o Silver o 353 « 15
o Sulfur e 0240 . 0006 « Vanadium e« 76.6 « 23
o Titanium e 0283 « 0.010 « Zinc o 6952 e 91
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Table D-2. High standard non-certified values

« by percent weight o by partsper million
o Element « percent weight o Element e Micrograms/g
» Carbon e (3 o Bromine e (6)
o Cerium e (57)
o Cesium « (107)
e Chromium . (39
o Cobalt . (10)

o Dysprosium « (5.4)
« Europium e ()
o Gadlium o (34)
. Gold . (0.6)
o Hafnium e (32
e Holmium . (0.6)
e Indium « (5.1
e Lanthanum < (34)
« Molybdenum « (19)
o Neodymium « (23)
o Rubidium e (2
e Samarium e (7.8)
« Scandium . (8.7)
« Strontium « (240)
o Thalium . (13
e Thorium . (13)
o Tungsten e (93)

« Uranium e (25)
o Ytterbim e (1.3
e Yttrium . (23

Table D-3. Low standard certified values

Titanium

« by percent « by partsper

weight million

« Element -\A[I)ele_rg%etnt « rangex « Element « micrograms/g ° r:nge
e Aluminum e 7.50 « 0.06 « Antimony « 7.9 « 0.6
« Calcium . 189 « 0.05 o Arsenic o 17.7 . 08
e lron o 3.50 « 0.11 o Barium « 968 e 40
e Magnesum .« 151 « 0.05 o Cadmium . 0.38 « 0.01
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o Phosphorus . 0.062 e 0005 o Chromium « 130 e 4
« Potassium o 2.03 . .06 « Cobalt o 134 « 0.7
« Silicon o 29.66 « 023 « Copper o 34.6 o 0.7
e Sodium e« 116 o 0.03 e Lead o 189 « 05
o Sulfur « 0.089 « 0002 « Manganese « 538 o 17
o .342 « 0.024 e Mercury. 1.40 . 0.08
o Nickel . 88
o Selenium e 157 o 0.08
o Silver « 041 o 0.03
e Strontium o 231 « 2
o Thallium o 0.74 « 0.05
o Vanadium e 112 e 5
e Zinc o 106 e 3

Table D-4. Low standard non-certified values

« by percent weight o by partsper million
o Element « percent weight « Element e Mmicrograms/g

« Carbon e (12 o Cerium . (42
o Cesium e (5.3
o Dysprosium e (35
« Europium « (0.9
o Galium e (14
. Gold « (0.3
o Hafnium e (3.7)
e Holmium o (0.59)
« lodine e (5
o Lanthanum e (23)
« Molybdenum e (20)
o Neodymium e (19
e Rubidium o (96)
o Samarium e (3.8
« Scandium e (12)
e Thorium . (11
o Tungsten e (2
o Uranium e (3
o Ytterbium o (1.6)
e Yttrium . (18)
e Zirconium « (160)
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Table D-5. Medium standard certified values

« by percent o by partsper
weight million
. Element ° Pereent rangex o Element
weight

e Aluminum . 6.53 e« 0.09 « Antimony . 194

« Cacium . 2.88 « 008 « Arsenic « 105

e lron o 2.89 e 006 « Barium o« 726

o« Magnesum .« 1.05 e« 0.03 o Cadmium e 41.70

o Phosphorus .« 0.086 o 0.007 « Copper . 114

« Potassium o« 245 « 008 « Lead o 1162

« Silicon . 30.44 e 019 <« Manganese .« 638

« Sodium « 114 « 003 « Mercury e 6.25

o Sulfur « 0.042 o« 0.001 . Nicke « 206

o Titanium « 0.306 e 0.023 « Seenium e 152
o Silver o 463

Strontium o 2453
Thallium o« 247
Vanadium « 816
e Zinc o 3504

Table D-6. Medium standard non-certified values

« by percent weight « by partsper million
o Element « percent weight o Element
o Carbon e (2 Bromine
o Cerium
o Cesium
o Chromium
o Cobalt
o Dysprosium
« Europium
o Gdlium
. Gold
o Hafnium
e Holmium
e Indium
« lodine
o Lanthanum
o Molybdenum
o Neodymium
e Rubidium
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micrograms/g e

range +

1.8
8

38
0.25

31
28
0.19
11
0.14
0.39
0.7
0.15
2.9
4.8

« Mmicrograms/g

()
(69)
(6.1)
(47)
(10)
(5.6)
(1.1)
(15)
(.03)
(7.3)
(1)
(1.1)
3)
(40)
(1.6)
(31)
(110)
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o Samarium « (5.9
« Scandium e (9
e Thorium . (14)
o Tungsten e (3
o Uranium e (2.6)
o Ytterbium o (2.7)
e Yttrium e (25
o Zirconium e (230)

8: Appendix E

Detection limits

Soil Measurement Detection limits (in ppm)

« 60 Src Seconds o Low NIST (2709) « Silicon Dioxide

« molybdenum e 25 e 20

e Zirconium e 35 e« 20

o Strontium e 60 « 25
 rubidium e« 70 « 30

o lead « 80 e 45

e arsenic o 275 o 220
e ZiNC e 130 e 90

o COpper e 230 o 150
o nickel o 630 o 285
« cobalt « 1,500 « 390
e iron o 1,000 e« 840
e Manganese « 4,600 « 1,000
e chromium « 5400 « 1,400

Filter Measurements
Detection limits (in micrograms/filter)

« 60 Src Seconds « 37mm CE « 25mm CE o GlassFiber
« molybdenum o <6 e 3 o -
e Zirconium o« <6 e 3 o -
« strontium o« <7 e 3 o -
o rubidium o« <7 e 3 o -
e lead o« 7 e 4 « 15
e arsenic o 28 e 14 o -
e ZiNC e 6 e 3 o -
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e COpper o 7 e 4
o hickel e 10 e 5
o cobalt e <20 e 8
e iron e« 25 e 13
e Manganese e <50 e 20
o chromium e 40 e 20
NITON Back to the Table of Contents
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