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Limited Warranty

The program is provided “as is” without Warranty of any kind. The entire risk as to the
result and performance of the program is assumed by you. Should the program prove
defective, you (and not QI Analytical) assume the entire cost of all necessary servicing,
repair, or correction. Further, Ol Analytical does not warrant, guarantee, or make any
representations rcgarding the use of, or the result of the use of, the program in terms of
correctness, accuracy, reliability, currenmess, or otherwisc, and you rely on the program
and its resulls solely at your own risk.

OI Analytical does warrant the original licensec that the disk(s) on which the program is
recorded and the hardware be free from defects in materials and workmanship under
normal use and service for a period of ninety (90) days from the date of installation or, if
the purchaser schedules or delays installation more than 90 days after delivery, then the
warranty begins the 91% day from the date of shipment. Ol Analytical’s entire liability and
your exclusive remedy shall be replacement of the disk or the replacement or repair (at OI
Analytical’s discretion) of hardware not meeting OI Analytical’s Limited Warranty and
which is returned to OI Analytical. If failure of the disk or hardware has resulted from
accident, abuse, or misapplication of the product, then Ol Analytical shall have no
responsibility to replace items under this Limited Warranty.

The above is the only Warranty of any kind, either expressed or implied, that is made by
OI Analytical on this OI Analytical product. The Warrantics of Merchantability and
Fitness for a particular purpose arc hereby disclaimed by OI Analytical and all other
parties involved in the creation, production, or delivery of this program. This Warranty
gives you specific legal rights, and you may also have other rights that vary from state to
state.

Neither OI Analytical nor anyonc else who has been involved in the creation, production,
or delivery of this program shall be liable for any direct, indirect, consequential, or
incidental damages arising out of the use, the results of the use, or inability to use such
product even if OI Analytical has been advised of the possibility of such damages or
claim. Some states do not allow the exclusion or limitation of liability for consequential
or incidental damages, so the above limitation may not apply to you.
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Chapter 1

Introduction

Thank you for choosing ALPKEM™ WinFLOW V4 Software. WinFLOW V4 is a
Windows®-bascd program designed to offer a high level of automation when used
in combination with any ALPKEM™ Flow Solution ion analyzer as well as many
other ion analyzers. We are confident that you will find WinFLOW V4 to be an
intuitive, easy, and highly productive software package.

About this Manual mee——

This manual should be regarded as an integral part of the Flow Solution system
and the WinFLOW V4 software. It provides tools for mastering the use of
WinFLOW V4 during routine analysis as well as an in-depth discussion of the
many specialized features available for more advanced work.

Fea tunr e

» Automatic startup and shutdown enhances system productivity.*
» Pausc option permits run and sample table modification anytime during a run.

»  Sensitivity drift correction eliminates the need to fully recalibrate after ICV/CCV
failure.

+  Uscr-defined dilution factors add user flexibility in autodilution mode.*
« Sample dilution before the run reduces analysis time.

»  Automatic working calibration standard preparation from stock solutions* re-
duces operator workload.

*  Manual injection mode permits system operation without an autosampler.
+  Pcak editing improves peak height and peak areca marking.

» Post-run peak height/area and digital signal processing algorithms enhance
analyte delectability.

»  Mean and RSD values add important QA/QC data to reports.
» Complete French, German, and Spanish language support.

*Note: This software feature requircs specific hardware for full-system functionality.
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The WinFLOW V4 software package includes:
» CD-ROM containing:

WinFLOW V4 Software

WinFLOW V4 Software Manual

ALPKEM Instrument Manuals

ALPKEM Consumables Catalog

Adobe Acrobat Reader Program

» Postage paid software registartion card

e WinFLOW V4 software serial number (labeled on the outside of the CD-ROM
case)

Computer Requirements i —

The following table contains the recommended and minimum computer require-
ments for successful installation and use of the WinFLOW V4 software.

Table 2.1. Computer Requirements

Graphics VGA graphic card 1 MB RAM on-board|

Note: Working knowledge of the Windows 95/98 or NT operating system is
required.

Note: Recommended computer requirements are mandatory for Flow Solution I1I
and Flow Solution IV systems larger than three channels and Flow Solution
3000 systems larger than two channels.

Note: WinFLOW V4 will not operate with x386 processor-based computers. This

is due to the requirement for a math co-processor. WinFLOW V3 is the only
version that will operate using x386 proccssor-based computers.

Safety Information m——

Operator Precautions

For operator safety, pay attention to WARNING and CAUTION statements through-
out the manual.

« A WARNING indicates a condition or possible situation that could result in
physical injury to the operator.

WinFLOW V4 Operator’s Manual

Rev. 1.1







« A CAUTION indicatcs a condition or possible situation that could damage or
destroy the product or the operatot’s work.

Warnings and precautions in this manual or on the instrument must be followed during
operation, service, and repair of the instrument. Failure to follow these warnings and
precautions violates the safety design standards and intended use of the instrument. 0Ol
Analytical will not be liable for the operator’s failure to comply with these warnings

and precautions.

®
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WinFLOW V4 Quick Start se—

Note: The following instructions assume that all modules have been installed and all

10.

11.

12.

Note: Select the stop button

13.

hydraulic connections have been made.
Turn on all Flow Solution modules and the computcr.
Open the WinFLOW V4 softwarc program.

Verify that all tubing connections are made, then initiate pump(s) rotation.

Select the Method Editor button
cotrect,

1 and verify that all scttings are

Select the Sample Table button __ and alter an existing table or create a
new sample table. Print the completed sample table.

Select the Data Collect button (# and select a Mcthod and Table in Run

Setup.

Enter an Operator ID and a Filename for the run results.

Click on the Play button and monitor the baseline. Once the baseline is
stable with start-up solution, switch to reagents and again monitor the
baseline until it stabilizes.

While the baseline is stabilizing, use the Sample Tablc printout from step 4 to
load the sampler trays.

Sclect the fast forward button when the baseline is stable.

Monitor the run until the SYNC peak has eluted and successfully marked.
Allow the run to continue.

If the run completed automatically, the data will be saved automatically to the
result file defined in step 7.

to stop the run. Be surc to save results once the
completed run is displayed.

Review the results.

WinFLOW V4 Operator’s Manual
Rev. 1.1







Button Ribbon

o Opens the Data Collect screen.

i
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Opens the Sample Table screen.
Opens the Method Edit screen.
Opens the Data Analysis screen.

Play button. Initiates data display.

Rewind button.

Fast forward button. Initiates data collection

Pause data collection button.

Stop data collection button.

Baseline signal zero button.

Grid on/off button.

Peak plot update lock button.

Peak editor cursor button.

Dclete/reprocess peaks button.

Recalculate button.

Chapter 1
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Chapter 2

Installation
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This chapter includes step-by-step procedurcs for properly installing WinFLOW
V4 software.

Installing from the CD-ROM mea———

The WinFLOW V4 software program, the WinFLOW V4 software manual, and all
instrument operation manuals are contained on the single CD-ROM. WinFLOW
V4 can be run with either Windows 95/98 or Windows NT as the opcrating system.
Locate the CD-ROM and follow the instructions below.

1. From the Windows environment, insert the WinFLOW V4 CD-ROM into the
availablc CD-ROM drive. The ALPKEM WinFLOW Setup Disc screen will
appear on the desktop (see Figure 2.1).

Figure 2.1. ALPKEM WinFLOW Setup Disc Screen

Note: If the ALPKEM WinFLOW Setup Disc screen does not automatically appear
after inserting the CD-ROM disk:

a. Click on the Windows Start button.

b. Select Rumn.

3]

Type x:/setup where x represents the letter assigned to the CD drive.

d. Click on OK. This will start thc ALPKEM WinFLOW Setup Disc screen.

Chapter 2 7
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e. Sec Figure 2.1 and continuc with step 2 below to install WinFLOW V4.

2. Sclect the appropriate language and click Install.

The installation process will begin. Follow the instructions on the screen.

dih
ap

3.
4. At the Setup Type screen, choose the setup type to install the options bclow:

Typical: Program files
AlpCOM
WinFLOW V4 Manual

Compact: Program files
Custom: defined by user (see Figure 2.2)

Seleet Conyionent

vl AIpCOM
WA WinFLOW 4.0 Manual
W/ FS ¥ Manual

3l

L

Figure 2.2 Install ALPKEM WinFLOW Screen

5. Once the WinFLOW V4 program is installed, click on OK.

6. The Configure WinFLOW screen will appear (sce Figure 3.1). Proceed to
Chapter 3, “Configuration,” for details on how to configure WinFLOW V4.

Installing from the 3.5" Diskette mm———

1. From the Windows 95/98 desktop, click on the Start button and select Run.

The Run dialog box will appear.

2. Type A:n\Setup (

“gure 2.
“Installing from the CD-ROM.”

3. Continue installation from step two under

3 WinFLOW V4 Operator’s Manual
Rev. 1.1
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Opening WinFLOW Configuration =

Instructions for configuring WinFLOW V4 software are provided for the Microsoft
Windows 95 operating system.

1. From the Start button, choose the Programs folder.
2. Choose the WinFLOW V4 folder.

3. Click on the FLOW Config 4.00 icon. The Configure WinFLOW screen will
appear.

Figure 3.1. Configure WinFLOW Screen

4. Select the Communication Port (Com Port), Sampler, and the type of Flow
Solution System (Platform) to be used. Only available communication ports
will be listed as choices.

Most Flow Solution 3000 systems use a 5027 Sampler. Flow Solution III and TV
systems use a 501 or RA Sampler. Upgraded systems that do not have one of the
listed samplers will run in the stand-alone sampler control mode.

The RA Sampler must be selected as the Sampler Control to be able to usc the
vials and vial racks that arc provided with the sampler.

Configuration is also required if an autodilutor (such as the OI Analytical ALKEM
Model 511 or MicroSTEP dilutor) is used in conjunction with a 501 or RA Sam-
pler.

. Note: It is not necessary to configure WinFLOW V4 cvery time the softwarce is
opened. WinFLOW V4 configuration changes are only necessary if there is
a change in instrument configuration.

Chapter 3 9
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Configuring the 501 Sampler - —————

This step is only neccssary if the 511 dilutor is used with the 501 sampler.

After selecting the 501 Sampler in the Confirgure WinFLOW screen, click on the
Configure Sampler button. The 501 Sampler Configuration screen will appear.
Check the Use Dilutor box and click on OK.

Configuration
Window

Configuring the RA Sampler mee—————

After sclecting the RA sampler in the Configuration WinFLOW screen, click on
thc Configure Sampler button. This will bring up the RA Configuration screen.

Figure 3.3. RA Configuration
Screen

Vial Depths
The depth of sample probe travel into a given sample cup can be adjusted by
selecting the Vial Depths button. Adjust the vial depth by clicking in the vial depth

boxes.

WinFLOW V4 Operator’s Manual
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Vial Depths

Figure 3.4. RA Sampler Vial Depths
Configuration Screen

If a TWR (traveling wash reservoir) is used, the maximum depth of the probe in
the sample vial is approximately 100 mm. If a static wash reservoir (no TWR) is
being used, the range will depend on the set-up position of the probe in the sampler
arm and the type of wash reservoir being used. The range will generally be larger
than 100 mm. See Tables 5.2 and 6.3 for specific vial types and volumes used for
this sampler.

Dilutor Setup

If the MicroSTEP dilutor is to be used with the RA sampler, click on the Dilutor
Setup button. The following screen will appear:

Tigure 3.5. RA Sampler Dilutor
Configuration
Screen

By checking the Use Dilutor box, the Syringe Size and Syringe Speed settings
will beccome available for input. There are three syringe sizes available: 1000 pL,
2500 pL, and 5000 pL. Sclect the 2500-pL, syringe (standard volume) in the pull
down menu. Select the proper speed based on syringe size and application. The
speed ranges from 25 for the larger syringes to 50 for the smaller syringes. The
default value for the 2500-pL syringe is 45.

Chapter 3 11
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Wash and Diluent

There are two types of RA Sampler probe arm configurations available. In order to
specify which type to be used, click the Wash and Diluent button. The following
screen will appear:

LT
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Wash and Diluent

s

Figure 3.6. RA Saﬁpler Wash and Diluent

Configuration Screen

TWR If a TWR (traveling wash reservoir) is to be used with the RA
sampler, select TWR under Wash Source.

When a dilutor is used with the RA sampler, sclect Reservoir under
Diluent Source column. If a dilutor is not present, Diluent Source
is not used. If a dilutor is present, it is also possible to use the TWR
module and draw the diluent from any specified location on the RA
sampler tray.

If a diluent source location other than the rescrvoir provided with the
dilutor is to be used, select TWR under Wash Source and Cup
Number under Diluent Source to specify its location.

Reservoir If a stationary wash reservoir is to be used with the RA Sampler,
select Reservoir item under Wash Source.

If a dilutor is not present, Diluent Source is not used. When a
dilutor is used with the RA sampler, select Reservoir under Diluent
Source. Alternatively, it is possible to draw the diluent from any
specified location on the RA sampler tray. If another diluent source
location (other than the reservoir provided with the dilutor) is to be
used, select Cup number under Diluent Source to he able to
specify its location.

Cup Number It is also possible to draw both wash and diluent from any specified
location on the RA sampler tray. Select Cup number under Wash
Source and/or Cup number under Diluent Source to specity
various locations. These two functions can bc used in any combina-
tion with the TWR or the Reservoir.

12 WinFLOW V4 Operator’s Manual
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Rack Placement
To sct up the racks being used with the RA sampler click on Rack Placement. The

following screen will appear:

Figure 3.7. RA Sampler Rack Placement
Screen

The normal configuration of the RA sampler allows for three sample racks and one
standards rack. The preprogrammed sample rack sizes are 21, 24, 40, 60, and 90,
the default value being 90 for each sample run. The standards rack sizes available
on this screen are 10 and 20, the default rack size being 20.

Custom Rack Editor
The Custom Rack Editor allows the RA sampler to use virtually any size or typc of
rack. Click on Custom Rack Editor and the following screen will appcar:

Fack Editor

ORRRRRasIsI

Figurc 3.8 RA Sampler Custom Rack Editor Screen

Chapter 3 13
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To use racks other than those provided with the RA sampler, take mcasurcments of
the rack, vial slot dimensions, and distance between each vial slot. Input thesc
measurements into the corresponding locations of the Custom Rack Editor.

®
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When saved, custom racks will be displayed as an option in the Rack Placement
screen. Both sample and standard racks can be created in this way. Please refer to
the example below for assistance.

1. From the Rack Editor screen (Figure 3.8), click on Add New Type. Type the
name of the custom rack and click on OK. Again, from the Rack Editor
screen, click on Add Cups. The following window will appear:

Figure 3.9. Add Cups Screen

2. Enter the following data in the corresponding fields:

First Cup # number between 1 and 99
Cup Wid (mm) width of the cup in millimeters
Number of Cups number of rows (left to right) and number of

columns (back to front)

First Cup Position (mm)  distance from standard tray upper-left corner
(closest to the sampler body) to middle of the
1% cup in millimeters

Inter-Cup Spacing (mm)  distance from cup-to-cup center in millimeters

3. When all data has been entered click on OK. Then click on Close in the Rack
Editor screen. In the RA Sampler Configuration screen, click on Rack
Placement (sce Figure 3.7).

4. Select the custom rack name that you have just created for the rack placcment
desired. After selecting a custom rack, the Align Rack screen appears.

14 WinFLOW V4 Operator’s Manual
Rev. 1.1
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e 3.10. Align Rack
Screen

Fiur
Click on OK to accept the default settings. The RA sampler rack is now ready

and displaycd for usc.

Rack Exitor

ASALAASASAMADOOSOMANAS

Chapter 3
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Chapter 4

Structural Overview

Opening WinFLOW V4 s —

Follow the instructions below to open the WinFLOW V4 softwarc in Microsoft
Windows 95 and Windows 98 operating systems.

1. Click on the Start button and choose the Programs folder.

2. From the Programs folder, choose the WinFLOW V4 folder.

3. Click on the WinFLOW V4 icon.

4. Enter the serial number included in the WinFLOW documentation.

Note: The serial number will only be requested the first time the WinFLOW V4
is opened.

Select View ScCreen

Upon opening the WinFLOW V4 program, the Select View screen is displayed.

-~ Select View

Lallesl Cala Sampla Tabke Malhad Edilar Cala Analysic Exil la Windaws

Figure 4.1. Select View Screen

The Select View screen allows easy single-click access to the four sub-programs in
WinFLOW V4. [t also provides a button to exit the WinFLOW V4 program. The
four principal sub-programs within WinFLOW V4 are outlined in Table 4.1.

When the Select View screen is active the main menu bar displays the File, Setup,
Window, and Help menus.

The Window and Help menus arc available from all of the WinFLOW V4 screens.
The File menu also provides the Exit option.

Chapter 4 17
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Table 4.1. WinFLOW V4 Windows

Collect Fo Initiates data collection proccss

Data ﬁ following selection of a sample
table and method.

Sample Opens a table which displays:

Table F3 cup #, name, type, replicate, dil.
Andwt. factors for each sample.

Method Data collection paramcters are

Editor F4 set here, as well as calibrant and
QC information.

Data Allows access to results from

Analysis F5 any previously saved run. Con-
tains peak plot, peak table,
calibration plot, and calibration
data tables.

Exit F12 Exits WinFLOW V4 software.

S et U TV € 1) L1

The options from the Setup menu are Preferences, Configuration, and Auto
Event Scheduler. Thesc options access their corresponding screcns.

Preferences

In the Preferences screen, the operator can set global WinFLOW V4 prefercnces
such as default views and languages.

references

Figure 4.2. Preferences Screen

WinFLOW V4 Opcrator’s Manual
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Security Allows for the input of a password that will be requested each time
WinFLOW V4 is opened.

Save Views  Any screen remaining open when WinFLOW V4 is cxited will be
displayed when WinFLOW V4 is opened again.

Note: Save Views will not bringup Results and Analysis files left open when exiting.

Verify Close Allows the opeartor to select whether to have an automatic prompt
verifying the operator’s intention to leave the program when exiting
WinFLOW V4.

Language WinFLOW V4 has multilanguage capability. Select from English,
French, German, and Spanish. Contact your local OI Analytical
distributor for more information about other available languages.

Configuration

The Configuration Screen provides information about the instrument platform,
such as the number of communicating detectors (channcls), valves, pumps, the
type of sampler installed with the system, and the firmware version.

Figurc 4.3. Configuration Screen

The Configuration screen allows the operator to determine if the analyzer, as well
as each installed component, is communicating with the computer. Selecting
Configure when the analyzer or a component loses communication will reestablish
a link between it and the computer.

Chapter 4 19
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Auto Events Scheduler

The Auto Events Scheduler allows the operator to select what action(s) the
pump(s) will take when any of the specificd events occur.

Figure 4.4. Auto Events Scheduler

Add Selects the type of event, time and action.
Edit Edit any previously chosen event.
Remove Remove any previously chosen event.

Pum s VI €11 UL 50—

The Pumps menu contains Pump Timer, Pumps On, Pumps Off, and Pumps
Slow options.

Pump Timer Indicates the number of hours the pumps have been in use. This
feature is useful for determining when pump tubes should be re-
placed, membranes changed, etc...

Pumps On  Allows the operator to turn on all pumps.

Pumps Off Allows the operator to turn off all pumps.

Pumps Slow Allows the operator to slow all pumps.

Window Ve

The Window menu contains options for displaying the open windows within
WinFLOW V4. Options to Cascade, Tile, and Arrange Icons are provided. All
open windows are listed in and can be accessed from the Window menu by
selecting the name or by typing the number associated with the window.

About Menu

The About menu contains information about the software and firmware versions as
well as the technical support access numbers.

20 WinFLLOW V4 Operator’s Mapual
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Shortcut Key:S 1 ———————

WinFLOW V4 contains several keyboard shortcut keys. The function keys providc
an additional method for locating and enabling various software functions. The
available function keys are described in Table 4.2.

®
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Table 4.2. Function Keys

These function keys duplicatc the Select View buttons, which are also available
from the button ribbon or the pull down menu. Theretorc, the operator has multiple
avenues for accessing the most frequently used features of the program.

SyStem S e CULI iy ——————————————————

System sccurity is provided to reduce unauthorized use of the WinFLOW software.
Password protection is accomplished using a single, operator-specified password.

l If the system password is ever lost, contact Ol Analytical Customer Service at
(800) 336-1911 or (409) 690-1711.

1. Under the Setup menu, select the Preferences option to open the Preferences
screen (Figure 4.2). Select the box next to Security. The password dialog box

will appear (see Figure 4.6).

Figure 4.6. Welcome to
WinFLOW screen.

Note: The first time the Security option is excrcised, the default user name and
password will be used. The default user name is system and the default

. password is manager.

Only after exiting and reopening WinFLOW will the user name and
password be changeable.

Chapter 4 21
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Enter user name and password. Sclect OK.
To cdit, delete, or add a user name and password, click on Set Preferences

from the Preferences screen (Figure 4.2). The Security screen will appear (see

Figure 4.7).

2.
3.

Figure 4.7. Security Screen

Choose either Edit, Delete or Add and follow the instructions prescnted to

cdit, delete, or add a user name and password.

4.

-
-
L —d
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Method Editor
The WinFLOW V4 Method Editor controls how data is collected and interpreted.
General Descriptiorn
Opening the Method Editor
‘There are three ways to open the Method Editor:
« Click on the Method Editor button | 14 on the Select View Bar,
« Click on the Method Editor button on the Main Button Ribbon, or
e Press the [F4] key.
Dialog Boxes
The Method Editor contains six screens that are used to modify all of the method
. parameters neccssary for running an analysis.
«  Primary Options screen « Automatic Options screen
e Channel Options screen « Timed Events scrcen
+ Calibration/Quantification Options screen » Calibrants Tablc scrcen

Each of these screens and their associated menus are discussed in this chapter.
Once properly set, these screens should not require modification during future
runs.

The title of each screen is located at the top of the window. The window bar also

contains the name of the open method. There are three ways to access each screen.

) The Method Editor button ribbon,

. The Method Editor button ribbon advance and reverse arrows, and

«  The Methods menu lists each of the screens separately along with their
associated quick key functions.

Method Editor Button Ribbon

Advance arrow Automatic options

Timed events

Primary options

Channel options | Calibrants table

Calibration/Quantitation options Reverse arrow
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Creating a Method

The fastest way to creatc a method is to alter an existing method and then usc the
Save As option. WinFLOW V4 is installed with two methods: a single channel
method and a dual channel method. Use these methods as templates for creating
new methods. Most of the parameters in the installed methods will not need to be
changed when crcating a new method for a given chemistry.

@
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Saving a Method

ZAN

CAUTION:
Always use the
Save As function
when altering an .
existing method Primary Options Screen mu.———
so the original
will not be
overwrilten.

When a method is changed and the changes have not been previously saved, the
Save As dialog box will be presented when another method is opencd.

The Primary Options screen (see Figure 5.1) allows the operator to activate chan-
nels, enable the baseline verification function, set the sampling mode, set the
default vial type (only when the 501 or RA Sampler is uscd), and define pump
speeds.

Mothad Edit - <Unfilled> (

Channel 1
Channe! 3

Figure 5.1. Primary Options Screen

Channels

The Channels listbox displays all of the available channels. The number of avail-
able channels depends on the number of installed detectors. A channel is prescnted
as available following successful communication with a detector. To activate a
channel, double-click on the channel name. A “#” sign will appear to the left of the
activated channel name (see Figure 5.1). To deactivate a channel, double-click on
the channel name again. Method parameters will only apply to active channels;
thus, channels must be activated before moving on to other screens in the Method

. Editor.
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Note: If a method is opened that designates an unavailable channel, an “X” will
appear to the left of the channel name. To re-establish contact, go to the Main
Menu, select Setup and Configure. If this is unsuccessful, restart WinFLOW V4.

Baseline Verification

Baseline Verification allows the operator to insert wash baseline (WBL) points at
rcgular intervals. WBL points force the bascline through the point. When used with
the RA and 501 Sampler in a segmented system, the WBL is taken from thc wash
reservoir instead of a sample cup. For an FIA system, the sample probe stays in the
wash, but the valve does not inject. Thus, the baseline is determined using the
carrier solution. To enable baseline verification, click on thc Enable box then set the
desired interval, duration, and start position. See Table 5.1 for further explanation.

Table 5.1. Baseline Verification Specifications

Duration Number of baseline verifications t

When enabled, the baseline verification operates on all the activated channels.
Baseline verification points, which are given the type WBL, are not cntered into
the Sample Table, but they do appcar in the Sequence Tablc Preview.

Default Vial Type

Default Vial Type is used in conjunction with the 501 and RA samplers. Therc are
four default types based on the volume or depth dimensions of the vials used. Use
table 5.2 to determine the vial type. The Default Vial Type should be set to rcpre-
sent the majority of the sample cups in a given run. For cups that do not match the
chosen default, a vial type can be selected for that cup in the sample table.

Sampling Mode

Sampling Mode can be set to one of two sampling modes: Single Sample or
Uninterrupted.

Chapter 5 25
Method Editor







Uninterrupted
All samples in a sample table will be analyzed in a single, continuous run. This
feature functions identically to previous WinFLOW versions.

@
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Single Sample

The single sample mode is a new WinFLOW V4 feature that allows FIA instru-
ments such as the Flow Solution/CNSolution 3000 Scries units to operate without
an autosampler. In Single Sample mode, cach sample will be loaded and injected
when the operator chooses. Whilc Single Sample mode was not specifically
designed for use in continuous flow analysis, this option is also active if a Flow
Solution 111 or Flow Solution IV is used. In this case, the sampler will aspiratc a
single sample and wait for the operator to manually select when each successive
sample will be aspirated.

1. Sclect Single Sample under the Sampling Mode in the Primary Options
screen.

2. Proceed with data collection as described in Chapter 7.

3. At the point of data collection, the following screen will appear:

4. Place the probé in the sample/standard vial and click on Sample when the
proper amount of sample/standard has been aspirated.

5. Figure 5.2 will be displayed at the completion of cach samplc cycle time until
all the samples of the sample table have been completed.

6. The operator can also use a blank table each time a sample/standard is aspi-
rated. In this case, the Generate Blank Table box is selected when data
collection is initiated (Figure 5.3). When the sample is ready to be aspirated,
click on Edit (Figure 5.2), and a blank table will be presented. Fill in the next
sample/standard and close the window. A prompt to save the table will be
displayed. Saving the table will automatically begin the analysis mode.
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Figure 5.3. Single Sample Blank Table Option

Pump Control

Pump Control is uscd in conjunction with the Flow Solution 3500 Series, FSIIL, or
FSIV’s Model 502 Peristaltic Pump or the FS3000 and CNSolution 3000 Peristaltic
Pump to control pump speed during operation.

Automated Model 502 Control Options

During normal operation, the 502 pump operates at 50% speed in a counterclock-
wise direction. This default value, ~50, is automatically set in the software if FSIV/
. 11l and Auto 502 arc selected in the WinFLOW Configuration Setup screen (see
Figure 5.4 and Chapter 3, “Configuration,” for details). If the pump is uscd in slow
mode, the default value is set to “10. The operator can edit the default valucs in
increments of 1%. ... e s S

Figure 5.4, WinFLOW Configuration Setup
Screen with Auto 502 Pump Setting

Automated FS3000/CNSolution 3000 Pump Control Options

. During normal operation, the FS3000/CNSolution 3000 pump operates at 100%
specd in a clockwise dircction. This default valve, 100, is automatically set in the

software if FS3000 is selected in the WinFLOW Configuration Setup screen (see
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Figure 5.4). If the pump is used in slow mode, the default value is 50, which means
the pump will turn at full speed 50% of the time and will be off 50% of the time.
The cycle time of this calculation is 30 seconds; therefore, a 50% selection will
opcrate the pump for 15 seconds and then stop the pump for 15 seconds. The
operator can edit the default values to any integer between 0 and 100. A selection
of 0 will stop the pump continuously.

Channel Options Screen

Channel Options (see Figure 5.5) are set for each detector channel individually. To
update information for a particular channel, click on cach channel line under the
Channels box. The resultant information on the screen will pertain only to the
highlighted channel. Only active channels are listed in the Channel Options screen.

Figure 5.5. Channel Options Screcn
Name

Name can be used to describe the chemistry being run. The default is the channel
designation (e.g., Channel 1).

Acquisition Rate

The Acquisition Rate is determined in Hz or points/second. The default value of 1
Hz is usually sufficient. When running very low levels, an incrcase in acquisition
rate may result in an increase in sensitivity. When operating multiple channcls, an
acquisition rate of 1 Hz is recommended so as not to overload the computer
resurces with data.

Detector Mode

Detector Mode can be set for cither a photometric or an amperometric dctector.
Select the Photometric mode for the Expanded Range (ER)™ digital photometer.
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Select Amperometric mode for the amperometric detector and for the analog-to-
digital (A/D) converter.

Sample Gain

Sample Gain should be set to Auto for all photometric detectors. For the photo-
metric detector the gain is automatically set to the optimum based on the amount of
light reaching the photodiode. The amperometric detector has a fixed gain of 1.

Reference Gain

Reference Gain should be set to Auto for all photometric detectors. For the
photometric detector the gain is automatically set to the optimum for the amount of
light reaching the photodiode. The amperometric detector has no reference gain.

Cell Potential

The Cell Potential in amperometric mode is set by the 10-turn precision potenti-
ometer on the detector. Cell Potential is not set via software.

Invert Signals

Invert Signals is used when the chemistry being run is measuring a decreasc in
response instead of the usval increase. This should only be selected if the analytical
methodology for the chemistry being run states that it is an inverse chemistry.

Peak Screen

Peak screen defines the peak area integration times (in seconds) and is specified
by a Start and End time. Proper peak quantitation depends on the accurate desig-
nation of a window within the overall peak zone. The default values are 30s and
*30s, resulting in a window 60 seconds wide.

WinFLOW V4 can quantitate using peak area or peak height. When using peak
area for quantitation, both the start and end markers are used. To set the start and
end markers it is necessary to know 0.00 is the middle of the peak. Therefore, the
start marker will be a negative number and the end marker will be a positive
number.

Channel Subtraction

Channel Subtraction is used to subtract peak concentration or pcak height/area in
one channel from peak concentration or pcak height/area in another channel. The
addition of subtracting peak height/arca is a new feature in WinFLOW V4.

For example, nitrate+nitrite is typically analyzed on one channel, and nitrite is
analyzed on another. This function can be used for automated detcrmination of
nitrate concentrations by subtraction of the nitrite concentrations from the
nitrate+nitrite concentrations. Channel subtraction is only enabled on one of the
two channels, becausc the peak concentrations in one channel are being subtracted
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from peak concentrations in another channel. For cxample, (see Figure 5.5) pcak
concentrations in Channel 1 (Nitrite) are being subtracted from those in Channel 2
(nitrate+nitrite); therefore, channel subtraction is enabled on Channel 1 and not on
Channel 2. Subtracted data (nitrate) is published with other data in the Peak Results
Table.

Channel Subtractions consists of the two parameters described below.

Subtracted From Channel
In the nitrate/nitrite cxample cited above, the Subtract From Channel is the
Nitrate+Nitrite channel (Channel 2).

Subtraction Name

Subtracted data must be given a name. For example, if nitrite peak concentrations
are being subtracted from nitrate+nitrite peak concentrations, the subtracted data
would be given the name “Nitrate.”

Baseline Recognition
Baseline Recognition consists of the three parameters described below.

Ignore Time

Used to ensure that the program does not mistakenly recognize a spurious peak or
noise spike in the baseline prior to the appearance of a SYNC peak. It should be sct
to approximately 30 seconds less than the actual dwell time of the sample from
sampler to detector. During the Ignore Time no peaks will be marked whether or
not they satisfy the Peak Recognition parameters. For this reason it is important
that Ignore Time be set for less time (in seconds) than it takes for the SYNC peak
to reach the detector (see “Synchronization Peaks” in Chapter 6). The default value
is 30 seconds.

Baseline Lead Time

The time (in scconds), before the SYNC peak, that will be used as the initial
baseline region. The baseline lead is determined after the SYNC peak has been
marked by counting backward from the SYNC peak marker. It is important that the
baseline lead time be longer than haif the width of the SYNC peak so that
WinFLOW V4 does not mark the baseline on the rising slope of the SYNC peak
itsclf. A general rule is to sct the baseline lead time to 15 seconds more than the
peak width. This designation will be uscd as the first baseline point.

Baseline Lag Time

The time (in seconds) after the elution of the last pcak used for final baseline
determination. The default is 120 seconds. It should not require modification (i.e.,
the baseline lag is marked by counting 120 seconds from the last peak marked).
The default value is 60 seconds.

Peak Recognition
Peak Recognition parameters allow the operator to control peak finding. The Rise

and Fall arc set by a requirement of x seconds with a vertical difference of y
(response in micro absorbance units, pAU, or picoAmperes, pA).
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The peak recognition parameters are used to find a peak based on shape. The
software attempts to find all peaks except baseline types using the peak finding
parameters. Once the SYNC is marked, the software forecasts location in the data
trace to look for the next peak using the Cycle Duration Time. The actual peak is
then located in the forecast region using the peak marking parameters. If no peak
meeting the peak marking parameters is found, the peak is marked using less
stringent parameters. Baselinc and blank type peaks are marked by using only the
Cycle Duration Time. (sec “Timed Events” in this chapter).
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Table 5.3. Peak Recognition Parameters

Fall Threshold (seconds)

When running a noisy chemistry such as sulfate or a high range chemistry, it may
be necessary to optimize peak rccognition by increasing the number of points used
in the rise and fall. When running low-level chemistries, it may be necessary to
optimize peak rccognition by decreasing the number of points used in the rise and
fall and decreasing the slope values. The default values are usually appropriate for
thc majority of analysis conditions.

® Calibration/Quantification Options Screen =

coRes

Figrc.G. Calibration/Quantitation Options Screen

Calibration/Quantitation options (see Figure 5.6) arc unique to cach data collection
channel. Therefore, the operator must first select the channel for which the options
. will be specified. The channcl names can also be modified in this dialog box.
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Method

Method is always sct to Normal. The Standard Additions choice is not currently
available.

Calibration Parameters

Calibration Parameters definc the high and low limits of the calibration curve
(the algorithm used to calculate the calibration curve and the analyte units).

Limits

Set by the operator to dcfine the top and bottom range of the calibration curve. The
recommended limit is 5% to 10% above the high calibrant and below the low
calibrant. If a sample concentration exceeds either the high or low limit, a corre-
sponding flag will be displayed in the results table for that sample. If Autodilution
is cnabled, these limits set the criteria for autodilution (see “Automatic Options” in
this chapter).

Range
The displayed values are based on the high and low calibrants listed in the
calibrants table (sce “Calibrants Table” in this chapter).

Units
Set to the concentration units of the calibrants. The default is ppm.

Fitting Method

Permits the sclection of either a first order (linear), second order, third order, or
weighted linear calibration algorithm. The WinFLOW V4 default is first order.
Second and third order curves are often useful when operating over an cxpanded
range. The weighted linear fitting method applies an additional statistical analysis
to the calibration data, enhancing low-level results when operating over an ex-
panded range with a linear chemistry. The method gives greater statistical weight
to low concentration measurements compared to its linear model.

Include Origin

Allows the origin to be set as an additional point when the regression is performed.
This does not force the regression to zero; rather, it includes the point (0,0) in the
calculations.

Logarithmic
Chosen if the calibration concentrations are in a logarithmic progression.

Exclude Outliers
Allows the operator to automatically remove replicate outlier data points that will
not be used in the curve fit. The outlier’s will be identified in the final report.

Quantitation Parameters

Quantitation Parameters include peak mode, baseline correction, carryover comec-
tion, final units, and a conversion factor. Several parameters govern how the raw
data arc treated.
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Peak Mode
Pcak mode can be set to Peak Height or Peak Area. Peak height is the most
commonly used method for quantitation in flow analysis.

Baseline Correction

Baseline correction should always be selected but will not be implemented unless
baseline points are inserted throughout the run. Bascline correction allows for
adjustment due to baseline drift throughout the run.

Carryover Correction

Carryover correction should always be sclected but will only function if the sample
table contains a line with a replicate of two CO types in a row from the same cup.
Carryover correction quantitates the interaction between samples. It is recom-
mended that this be a blank following a mid-to-high-range calibrant. The SYNC
peak often serves this function well.

Final Units

Final units is only required if a conversion factor is entered to change the units. For
instance, final units can be uscd to convert from ppm to uM. The postconversion
units should be listed here. All results will be reported in the converted units.

Conversion Factor

When a conversion factor is necessary for a particular analyte, the operator must
specify a conversion factor as well as different units. The value and new units are
to be cntered in the Conversion Factor and Final Units areas, respectively. The
conversion factor will be multiplied by the concentration for all values in the
results table.

Smoothing Parameters

Smoothing Parameters are used to set several software-based signal processing
algorithms to reduce noise, improve precision, and ease integration of difficult
peaks (small size relative to the noise). These algorithms include Moving Average,
Olympic, and Savitzky-Golay. Each of the real-time smoothing features can be
processed by selecting the appropriate algorithm and value in the Method Editor.
Alternatively, if None is selected, these features can be accesscd postrun in the

* rst file.

Moving Average

A simple algorithm for filtering where the average of an input set is used to
generate one output value. The tendency in this algorithm is to reduce peak height
maxima due to the lower values on either side. Peak area measurements arc largely
unaffected. This filtering algorithm is new in WinFLOW V4.

Olympic

A variation of the Moving Average algorithm. In this model, the high and low
values are thrown out, and the remaining values are averaged. This algorithm is
very effcctive at screening out spikes (high frequency noise). Like the Moving
Average algorithm, it still has a tendency to reduce peak height. Peak arca mea-
surements are largely unaffected. This filtering algorithm is new in WinFLOW V4.
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Savitzky-Golay

Savitzky-Golay multiplies each point by a weighting factor and then averages thc
points in a data set. The factors, which are derived from second- and third-degree
polynominals, weights the center of the data point set and progressively lessens the
weighting to the points further out. Unlike the other algorithms, peak height
maxima distortions arc minimized. Peak area measurements are unaffected.

Points

Points defines the number of input data points that arc processed to gencrate each
output data point. It is equivalent to the filter size. This parameter allows the
operator to optimize the filter for the peak width and noise frequency of the data
set so that noise is propetly filtered without adding peak distortion. The filter size
is measured in points (data points). As a result, the data collection ratc is a very
important parameter in determining the optimum number of points for a given peak
width.

Iterat.

An abbreviation for iterations. Iterations function by treating the output of onc
operation (filtering algorithm) as the input for the next operation. This process can
be repeated as many times as necessary. Iterations allow the operator to increase
the degree of filtering (smoothing) while keeping the filter width (points) opti-
mized for the peak width.

Automatic Options Screens I

The Automatic Qptions screcn contains two main option groups: Autorccalibration
Options and Autodilution Options.

L - test.mkh (Automatic Optior

o
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Autorecalibration Options

Autorecalibration Options

Autorccalibration options require a decision concerning system action following a
failed Continuing Calibration Verification (CCV). For more information on CCVs
see “Continuing Calibration Verification” in this chapter.

@
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Flag Only  This will place an “F” in the flag column of the Results Table.

Stop Run  If a CCV fails it will be flagged and the run will be aborted.

Recalibrate If a CCV fails it will be flagged and the system will rerun the
calibration section. Sampling will resume at the cup after the last
successful CCV.

Autodilution Options

Autodilution options are only available when the RA or 501 sampler and the 511 or
MicroSTEP autodilutor are in use. To enable autodilution, click in the Enable
Autodilution box. Oncc enabled, the other options become available.

CCvV Choose the frequency of the CCV to be run with the diluted samples

Frequency (i.c., every 10 samples run a CCV). The CCV to be run is dcsignated
in the sample table after the dilution cups (refer to rows 26 through
28 in Figure 6.1 for an example).

Number of Select the number of followers to be run. A follower is dcfined as

Followers the sample(s) after an overrange sample. The recommended protocol

. is two followers.

Dilution Whereas the Model 511 Dilutor has hardware-fixed dilution factors,

Factors the MicroSTEP (MS) Autodilutor gives the operator the option to
select a continuously variable set of dilution factors. Entcr up to five
dilution factors separated by commas. The MS Autodilutor will use
the first entered dilution factor for any sample that gocs over the
highest calibration standard value. Subsequent operator-entered
dilution factors will be used if the initial dilution is still too low.
While the MS Autodilutor has 1:24,000 step rcsolution, dilution
factors in excess of 1000 are not recommended.

Timed Events Screen

The Timed Events screen is a list of devices and their associated actions including
operating states, timing intervals, and timing types. The timed cvents table scts the
timing for the run to begin (Cycle Start), for the peak marking (Cycle Duration),
and for the sampler motions to and from sample and wash. For the FS3000, pump
and valve commands are also automated.
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Figure 5.8. Timed Events Window
Devices include modules such as pumps, valves, and samplers, as well as software
functions that require a timing schedule. To add a device, click on the next open
cell in the Device column of the spreadsheet, and then click on the desired dcvice
in the Device menu on the Icft.

Cycle Start  The time at which data collection begins. The detectors and display
will be reset at this point, and the data collected will be saved but is
. generally used as a baseline monitoring period. The cycle start time
is always run-based and can be set long to allow for baseline stabili-
zation before the run. The cycle will begin immediately it the Data
Collect button is sclected during the display time.

Cycle Determined by the chemistry, carryover, and desired throughput as
Duration specified in each methodology. It sets the timing for the analysis
cycle and is always injection-based (D).

Autozero Autozero time should be set for one minutc less than the cycle start
Time time in order to autozero upon initiation of data collection. Always set
as a rup-based (R) event.

Valve For Flow Injection Analysis (FIA) only. The injcction valve switches
between load and inject throughout the run, thus it is an injection-
based event. The valve should load at time 0 and inject when enough
time has passed to allow the sample loop to fill complctely. This
time is entered by the operator. The valve will stay in the inject
position from the time it was switched to the end of the cyclc dura-
tion time. At the end of the inject cycle it will return to the load
position to begin another cycle.

Pump Only the FS3000 pumps are controlled in the Timcd Events Table.

Generally, the pump is turned ON at time 0. Pump timing is run-
. based (R). To have the pump automatically turn OFF at the comple-
tion of an analysis, add a second pump line that turns the pump OFF
and is shutdown-based (S).
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Sampler Switches between sample cups and the wash reservoir throughout the
run; thus, it is an injection-based (I) event. The sampler should be in
SAMPLE at time 0 then switch to WASH. This timing is method
dependent, refer to the methodology for rccommended values. When
a valve is used, the sampler and valve times must coincide.

®
M
ur

Name
Name can be any alphanumeric valuc.
State

State defines the status of an instrument variable such as the injection valve.
Examples of variable states are; On, Off, Load, Inject, Sampler, Wash, etc.

Time

Time column specifies a time for an event to occur. When the cell is in the Time
column, the Time box to the lcft becomes an edit box, allowing only numeric time
cntries specific to the represented device. Below the Time box in bold type will
appear the format for the time. Format choices are as follows:

HHIMMESS . iiirirrvrrrne i Hour:Minute:Scconds
R ST U UV OO PO PUUURUNRUU PSPPI Seconds

. The time must be entered in the format displayed above. If the format is HH:MM:SS,
the colons must be included in the time. For the SS format only the number of seconds
needs to be entered.

Type
When the cell is in the Type column, the Timing Type box changes into a list of
available timing types. There are four available timing types. They are listed

below.

Injection-  Timing is based on the Cycle Duration time. Injection-based timing
Based (I)  is used for events that happen throughout a run. Timing is set in SS.

Run-Based Items that occur one time during the run are timed using run-based

(R) timing. The timing is set in HH:MM:SS.
Clock Time The computer’s internal clock time governs the event. The timing is
© set in HH:MM:SS.
Shutdown  Occurs at the end of a run. Shutdown cvents begin after the baseline
S) lag point has been marked. Timing is set in HH:MM:SS.
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Verify Table

The Verify Table function will identify any “illegal” requests or errors in the
Method Editor table. This function verifies that the entrics are correct relative to
the events table parameters, not that the settings are a valid scquence of events.
Select the Verify Table button after completing the Timed Events table.

Calibrants Table Screen s ——————————

The Calibrants Table is used to identify the Calibrants (C), Initial Calibration
Verification (ICV), Continuing Calibration Verification (CCV), and Spikes (SPK)
in conjunction with the Sample Table (see Chapter 6). Space is provided in the
table to list the name, type (T), concentration, and percent acceptable deviation (%)
for each standard. One column is presented for each active channel in the method
as defined in the channcls list in Primary Options.

o

ppan Stock - 002000
10.0 ppm - 000000

7.5 ppn - 500000
& -0oo000
2. - 000000
- 000000
. 000000

2

Figure 5.9. Calibrants Table Screen

Calibrants

Calibrants are standards of known concentration used in the creation of the calibra-
tion curve. The calibration curve is the mechanism for detcrmining the
concentration of all samples. Calibrants should be preparcd to cover the expected
concentration range of the unknown samples.

Calibrant names can be no longer than 15 characters. They must exactly match the
calibrant name typed into the sample table as the software distinguishes betwecn
calibrants only by their name. If an undesignated calibrant is cntered in the sample
table, WinFLOW V4 will prompt the operator to fix the problem. Enter a name,
type [C), and a concentration for each calibrant. Calibrants do not use the %
column.
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Initial Calibration Verification (ICV)

ICVs are outside standards used solely for checking the performance of the instru-
ment and the validity of the prepared standards. If an ICV fails, the run is
automatically aborted. Like calibrants, ICVs are recognized both by name and type.
Provide a unique name, the type (ICV), the concentration, and the percent acceptablc
deviation (%) for each ICV. ICV names can be no longer than 15 characters. They
must exactly match thc name typed into the sample table, as the software distin-
guishes between ICVs only by their name. If an undesignated ICV is entered in the
sample table, WinFLOW V4 will prompt the operator to fix the problem.

@
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Continuing Calibration Verification (CCV)

The CCYV is used to reconfirm that the calibration curve remains valid over the
course of a run. Typically, one calibration standard is used as the CCV. The CCV
determines if a recalibration is necessary. The action taken in response to a CCV
failure is designated in the Automatic Options screen (see “Automatic Options™
screen in this chapter). CCV names may be no longer than 15 characters. They
must match the CCV name typed into the sample table, as the software distin-
guishes between CCVs only by their name. If an undesignated CCV is entered in
the sample table, WinFLOW V4 will prompt the operator to fix the problem.

Spike (SPK)

. A spiked sample is uscd to determine the effect of a sample’s matrix upon the

sample results. This function will calculate the % recovery of a known concentra-
tion addition made to a sample by comparing the spiked sample value to the
sample immediately before it in the sample table. In the calibrants table, enter the
known added analyte concentration (e.g., 1 mg/L). Spike names can be no longer
than 15 characters. They must match the spike name typed into the sample table, as
the software distinguishcs betwecn spikes only by their name. If an undesignated
spike is entered in the samplc table, WinFLOW V4 will prompt the operator to fix
the problem.

On-line Calibrant Preparation from Stock Calibrants
(STOK)

When used in conjunction with the ALPKEM MicroSTEP Dilutor, WinFLOW V4
has the added capability of allowing preparation of working calibration standards
from pre-defined stock calibration solutions (STOK). Once the stocks are defined,
the working calibration standards are added to the calibrant table. In order for the
instrument to prepare the desired working calibration standards, the stocks and
calibrants must also be listed in the sample table (like standards prepared by hand).
Instrument-prepared working standards will be identificd in the sample table with
the C* notation, whereas the operator-prepared standards will be identified with the
normal C notation.
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Chapter 6
Sample Table

Sample Table Fields m—-——

The main purpose of the Sample Table is to map the position of the samples and
standards in the sampler. It also defines sample types and sample calculation
parameters for cach entry in the table. Every row in the sample table corresponds
to a specific position on the sampler.

-

S mc
Crrryowver
Basaline

500 ppm Stock
100 ppm Stock
Cal 10.0 ppm
Cal 7.5 ppm
Cal §.0

ctal Z.0
Blank

ICY

Sample
Samplw
Sample
Sample
Sample 5
Sampla
Sample
Sample
HYample
Blank

CCVW

Sample
Sample
Samplw
Drift Corx.

#tock Solutiom
Beock Solution

(SIS I T

Initial Calibration Verification

High - From Feed
Mod. High - Feed

Cont. GCalibratiom Verification
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Figure 6.1. Samplc Table Scree

The 5027 (120-placc), 501 (300-place), and the RA (290-place) Samplers are all
true random access samplers when used with WinFLOW V4. This means the
sampler probe can be sent to any cup at any time throughout a run. Table 6.1
describes the available fields in the sample table.
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Table 6.1. Sample Tablc Fields

Cup Cup Number ~ Corresponds to cups on sampler. Determines
sequence for sampler movement.

SYNC, STOK, C*,C,D
BLNK, RB, U*, U, CO,D

Type Sample Type

Dilution Factor

y. In
specific sample. Default is set in Method Editor.
Extra information about the sample. Notes kept

The procedure for filling in the table begins by clicking on an empty cell in the
Name column and then typing in the sample namc. Default values will automati-
cally be filled in if no operator-supplied valucs are entered.

Cup Number

The Cup Number corresponds to the position numbers on the sampler. As stated
above, all autosamplers supplied by Ol Analytical (5027, 501, and RA) are true
random access samplers when used with WinFLOW V4.

WinFLOW V4 recognizes cup 0 as the wash position. This number can be used with
any type designation (BLNK, U, CCV, etc). Several wash and diluent source possi-
bilities are available (see “Configuring the RA Sampler” in Chapter 3 for details).
When using a 5027 Sampler, the home or wash position can be set as cup 121.

The RA sampler cup numbering scheme is different from that of the other sam-
plers. The cup positions in the standards rack are numbered 1-10 or 1-20. The
sample racks are defined by threc digit numbers. The first digit indicates the rack
number and the second two digits indicate the cup position within that rack. For
example, when a 90-place tray is used, the first sample rack is numbered 101-190,
the second sample rack 201-290, and the third sample rack 301-390. Custom racks
follow this numbcring system as well.

Sample Names

Sample names are limited to 20 characters. Names of calibrants (STOK, C), check
calibrants (CCV, ICV, DRI, DRT), and spikes (SPK) must correspond to thosc
given in the calibration table of the method to be used. When proceeding with
analysis, if any of these names do not correspond, an on-screen warning will
appear describing the faulty entries. This error must be corrected before proceeding
with analysis of samples.
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Sample Type

The sample type determines how a sample will be treated in connection with the
rest of the samples in a run. WinFLOW V4 contains 15 sample types.

@
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Table 6.2. Sample Types and their Functions

......... "

BLNK Blank Allows for a blank, which is treated as an
unknown sample

C* Calibrant (10 be prepared) Instructs software to preparc this calibrant.
changes 1o C after calibrant is diluted.

DRI Sensitivity Drift Correction Reslopes the most recent full calibration to
(Incremental) account for any measared sensitivity drift. Value
calculated in increments during run

CcCv Continuing Calibration ~ Verifies continucd calibration validity throughout
Verification the run and determines if recalibration is neces-

sary.

. ution Placed at the end of the 1able to designate cup as
a dilution cup. Only used when the 501 or RA
sampler and 511 or MicroSTEP Autodilutor are
abled

NULL Null Cup inserted by WinFLOW at the end of a run to
allow for all calculations to be completed before

oW ave a known concentration
added to it.

Dilutes the unknown by the specified in the Dil

baseline dritt. s 8 through the
point. Baseline taken from wash when using
FSTII and FSIV systems. Taken from the carrier
solution when used on an FS3000. This item is
not entered in the sample table. Its placement is
. determined on the channel options screen of the
Method Editor.

WBL Wash Baseline
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Replicate

The Replicate column defines the number of times a specific sample cup will be
aspirated/injected. The Replicatc column will accept replicate values between one
and nine. Another line in the sample table is required to draw from the same cup
more than nine times. Zero replicates can be specified to deliberately skip the
sample on that line. This is uscful when running U* samples when only the dilu-
tion is to be analyzed and not the original. Also, STOK cups always forcc the
replicate value to zero.

®
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A dilution of that sample will be performed if the dilution function is enabled and
the concentration of a sample is outside the range specified in the Calibration/
Quantitation options of the Method Editor. Furthermore, if a sample has replicates,
there will only be one dilution performed by the dilutor and then that number of
replicates will be taken from the single dilution cup.

Dilution and Weight Factors

If samples are diluted manually before the run, the dilution and/or weight factors
can be entered into the Sample Table for automatic calculation of the original
samplc concentration. If an autodilution occurs during the run, the dilution factor
will be automatically entered into the Results and Analysis Table. If a sample is
out of range and is manually diluted during a run, the operator must typc in the
dilution factor and enter it into the add-on screen of the Sample Tablc.

. Vial Type

The Vial Type column is only uscd in conjunction with the 501 and RA Samplers.
Table 6.3 shows the standard cup definitions uscd with the 501 and RA Samplers. The
default vial type is set in the Primary Options screen of the Method Editor; thus, the
vial types should only be listed separately for types other than the default.

Table 6.3. Vial Types

1 2.0 mL cup 0.5 mL.

Comments

The Comments section is provided for the operator to record notes concerning the
sample. This field will not appear in the Results and Analysis Table. If thc com-
ments information is desired as part of the results file, a printout of the Sample
Table must be made.
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Edit Options in the Sample Table m———

The Sample Table format is much like a standard spreadsheet. The desired cell
must be active to input information. To activate, click on the cell so the cell is
highlighted. Now the cell is active and ready to accept typed information.

®
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Cells are designated as alpha cells, numeric cells, and or alphanumeric cells. If an
entry is incorrect, an error message will appear pointing the operator to the wrong
entry in the tablc.

The Sample Table menu bar contains three menus: File, Edit, and Window. Table
6.4 describes the available options in the File menu.

Table 6.4. File Menu Options

ts to save changes

. Save As

Print Setup

table if altering an existing table

Allows operator to make choices concerning the lay
printing.

The Edit menu contains the standard editing functions for working with text. Many
of these features will allow the opcrator to copy the Current Sample table to their
normal spreadsheet or word processor if they have need to do so. The editing tools
use the standard Windows clipboard in a similar fashion as other Windows pro-
grams. Table 6.5 describes the available options under the Edit menu.

Table 6.5. Sample Table Edit Menu

Cut Removes the highlighted text from the current location. Temporarily places

. icwed.
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Creating a Sample Table m—

Throughout this section, rcfer to Figure 6.1 for an example of a typical sample table.
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The Synchronization Peak (SYNCO)

The first entry in a Sample Table is the SYNC peak. The SYNC peak initiates the
peak recognition process. The height of the SYNC peak must be above the mini-
mum peak recognition parameters set for each channel in the method.

Carryover Correction (CO)

The carryover correction feature calculates the percent carryover. This correction is
then applied to all samples in a run. The carryover group must contain two samples
taken from the same cup. The carryover correction must be performed immediately
following the SYNC so the correction is applied real-time to the rest of the run.
The %CO value is displayed in the Calibrants Results Table screcn.

Calibrants (C)

The calibration curve is created using a series of calibrants of known concentra-
tion. Calibrant concentrations should be chosen to bracket the expected
concentrations of samples. When multiplc aspirations of a single calibrant are

taken, each point is used in the calculation of the curve; WinFLOW V4 does not
. average calibrant points. The curve order defines the minimum number of
calibrants. First order curves requirc two calibrants, second order curvcs require
three calibrants, and third order curves require four calibrants. Weighted lincar
curves require triplicate aspirations of each calibrant, minimum two.

Unknowns—To Be Diluted (U*)

Unknowns designated by U* will be diluted before the run starts. This feature is
for samples that are known to be above the calibration range of thc analysis. Enter
the desired dilution factor in the Dil column. Place an empty sample cup in the
sampler location defined by U*. The source unknown with the U designation must
be placed in the sample table and at the cup location immediately prior to the U*
location. Source unknowns must have a replicate value of O entered to insurc that
these unknowns will not be entered in the sample table, the source name will be
reported in the Pcak Table.

Stock Solutions (STOK)

Stock Solutions are used to define the concentrations of solutions being used for
automatic standards preparation. Concentrations are specified and sample type
identified in the Calibrant Table.
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Calibrants —To Be Diluted (C*)

Calibrants designated by C* arc the same as the Calibrants above; however, the C*
identifies those calibrants that need to be prepared by the system before they are
aspirated. Once the calibrant is prepared, the sample type changes to C.
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Sensitivity Drift Correction—Incremental (DRI)

The Incremental Sensitivity Drift Correction can be used to adjust a calibration that
has become invalid due to sensitivity drift. A standard is chosen from the calibra-
tion to act as a drift correction cup. The drift correction will be applied to all peaks
following the first drift cup to the next drift cup. If the incremental drift is not
within an operator-specified range, the same action will be taken as with a failed
CCV. The DRI may also be used to perform a run without running a calibration,
using the DRI to adjust a previously run calibration curve.

Sensitivity Drift Correction—Total (DRT)

The Total Sensitivity Drift Correction can be used to adjust a calibration that has
become invalid duc to sensitivity drift. A standard is chosen from the calibration to
act as a drift correction cup. The drift correction will be applied to all peaks
following the drift cup. If the total run drift is not within the operator-specified
range, the same action will be taken as with a failed CCV. The DRT may also be
used to perform a run without running a calibration, using the DRT to updatc a
. previously saved calibration curve.

Initial Calibration Verification (ICV)

IC Vs are samples of known concentration that are used to verify the validity of the
calibration curve. An ICV should be sampled immediately following the calibra-
tion curve. ICV samples should be made from a separate stock or from an outside
source. If an ICV fails, the run is automatically aborted. If more than one consccu-
tive ICV sample is drawn from the same vial, the run will not be aborted unless all
the IC Vs in the group fail. If two separate ICVs are run, the failurc of either will
result in an aborted run. ICVs should always be followed by a baseline marker.

Continuing Calibration Verification (CCV)

CCVs are samples of known concentration used to verify that the calibration
remains valid throughout the sample run. It is recommended that the CCV samples
be madc from mid-range calibrants. CCVs are placed at regular intervals through-
out the series of unknowns; every 10 samples is the recommended frequency.
CCVs should always end with a baseline marker. The three responses to CCv
failure as determined in the Automatic Options of the Method Editor are:

«  Flag the CCV as failed (F) and continue on with the run,

= Abort the run, and

« Recalibrate and begin sampling from the last good CCV.

If more than one consccutive CCV sample is drawn from the same vial, the group
will not fail unless all CCVs in the group fail.
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Spiked Samples (SPK)

A spiked sample is used to determine the effect of a matrix condition that can alter
a sample’s results. This function will calculate the % recovery of a known concen-
tration addition made to a sample. To use this feature, place the spiked sample
immediately after the unspiked sample.
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Blanks and Baseline Samples (BLNK, RB, WBL)

Blanks are samples drawn from the wash position defined in the configuration of
the sampler. They are often used to minimize tailing of calibrants or unknowns into
the CCV or ICV. They are typically placed throughout the sample run preceding
CCVs and ICVs.

Baseline samples are also drawn from the wash position defined in the configura-
tion of the sampler. Baselinc samples force the baseline through that point and are
used to correct for baseline drift. They are typically placed before a series of
unknowns and before the calibration series. They are usually drawn in duplicate to
allow for maximum flexibility in adjusting the baseline.

Adding Samples to a Current Run

Onpce a run has begun, it is possible to add more samples to the run. The add-on

function is accessed when data collection has begun by operning the sample table,
adding samples to the nongrayed-out area and closing the sample table. See

. “Adding Samples to a Current Run” in Chapter 7 for more information.

Note: It is a good idea to check the sample table preview function in the Data
Collect screen (sec “Modifying Sample Table During a Run” in Chapter 7)
before beginning analysis. This will allow the actual samplc sequence to be
viewed, highlighting any errors in replications or placement of automatic
entrics (WBL).

A0 iU 017 15—

The autodilution function requires use of the 501 sampler and the 511 autodilutor
or the RA sampler and the MicroSTEP autodilutor. This feature allows over-range
samples to be diluted and re-sampled in a single run. Any sample concentration
that falls above the limits set in the Calibration/Quantitation Options screen of the
Method Editor is marked high and will be diluted. Follow the instructions below to
ensure proper use of the autodilution feature.

1. Prior to opening WinFLOW V4, ensure that the 501 or RA sampler and
autodilutor options are selected in WinFLOW Configuration (see Chapter 3).

2 Go to the Automatic Options screen in the Method Editor and select the
. Enable Autodilution box.

3. Select the frequency of the CCV Group. It is best torun a CCV group every
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10 samplcs. The CCV group to be run should be entered in the sample table at

=“ the end of the DIL cups.
. —1 3
-‘v 4. Select the number of followers to be run. A follower is defined as the
sample(s) after an over-range sample. The most common choice is two.

5. After the last sample in the sample table, enter several cups with the type DIL.
No names arc required.

6. At the end of the DIL cups, enter the CCV group. This is the CCV group that
will be used throughout the dilution samples.

7. The 511 autodilutor will always begin with a dilution factor of 10. If that
sample is still over range, it will be diluted by 100. The MicroSTEP
autodilutor will use the dilution sequence specified in the Dilution Factors (in
the Mcthod Editor under Automatic Options and Autodilution Options).

8. All dilutions are performed at the end of the regular run.

Import and Export Functions mm—
Exporting a Table

. To export a sample table, go to the Sample Table File menu and select Export. A
dialog box will appear requesting the name and location for the exported file. All

tables export as text files (¥.txt). The sample table can then be opened in any
program that can read (*.txt) files.

Importing a Table

To import a table from an external program, go to the Samplc Table File menu and
select Import. A dialog box will appcar requesting the name and location of the
desired file. All tables must be in text file (*.txt) format to be imported. Importing
is much easier if an actual WinFLOW V4 sample table is exported to the program
of choice first. That table can then be used as a templatc for creating new tables for
import.
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Chapter 7

Data Collection

Initiating WinFLOW V4 instrument control and data collection is an easy four-step
operation. After launching the program, click on the Data Collection screen.
WinFLOW V4 will prompt the operator for input in thesc areas:

Enter Operator ID.

Define which Sample Table to use.
Define which Method to use.
Define a Results file name.

ol ol s

Initiating Data Collection mmmmm—————

1. Click on the Data Collect button . The Operator 1D dialog box will

appear.

2. Enter the Operator ID and click on OK. The Run Setup dialog box will
appear.

iedzetup]
insubsys]
shellaxt]
viewers]
vmm32]
a-

Figure 7.1. Run Sctup Dialog Box

3. The program will request a file name under which to store the final results.

Gpecify filename for jesulls

R s

Figurc 7.2. Results Filename Dialog Box
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4. Enter a suitable Results file name and click on OK. The Data Collection
screen will appear. If Preview was selected, the Run Sequence Table will
appear as the main window. After viewing the Run Sequence Table, closc the
window, and the Data Collection screcn will become accessible. The Data
Collection screen will display the number of channels selected in the method
chosen for this run.

@
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If a single channel is being used, the four aspects of the Data Collection

screen will automatically be displayed (see Figure 7.3).
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. ’ Carryoter: Inwvalid!

Ne Drift Paaks

Figure 7.3. Single Channel Data Collection Screen

If more than one channel is being used, only the peak plot window of each
channel will be displayed (see Figure 7.4). In order to access the Data Collec-
tion window for each individual channel, place the pointer on 2 peak plot
window and double-click. The four aspects of that channel will be displayed.
This action can also be accomplished by using the View menu and selecting
the required channel.
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Absorbance (Lalt)

Absorbance (RALN

Figure 7.4. Two Channel Data Collection Screen

5. Go to the Pumps menu and select the appropriate pump(s) to turn on.

6. Initiate baseline data collection from the detcctor by clicking the play button.
This will begin a baseline monitoring period. The length of this monitoring
period is defined in the cycle start time set in the Timed Events Table of the
. Method Editor. This defined time period allows the operator to monitor the
baseline and make sure the system is stable priot to beginning the run. The
status bar in the bottom left corner of the screen will display “Start-Up”
during this period.

Monitoring the Baseline mmmm . —

1. A real-time signal will now begin to display in the Peak Plot window. The
Fast Forward, Stop, and Zero buttons will now become active on the Data
Collection Button Ribbon. The Peak Results Table, Calibration Plot window,
and Calibration Results Tablc will become active once the sample run is
initiated.

Note: Percent full scale and gain valucs of the detector for the reference and
samplc can be obtained by going to the Window menu and selecting Serial
Communication. This is a convenient way to determine if the lamp is
functioning propetly.

2. During the monitoring period the signal produced by a start-up solution will
be displayed and should meet the criteria in Table 7.1.
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Tablc 7.1. Start-up Solution Baseline Criteria

Vertical Noise <100 pAU <1000 pA
Drift <200 uAU/300 seconds <1000 pA /300 seconds

®
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The software scaling occurs in real time and is dynamic. The scalc is sct by
the highest point on the screen at any one time. Thereforc, when monitoring
the baseline, it is important to note the scale on the vertical axis when deter-
mining whether or not it is stable. Figure 7.5 shows an example of a quiet
baseline for a photometric detector.

Peak Plot; Channel 3
Channgl 3. Channel 3

Absorbanca (pALUD

T T 1
D 100 200 300

. Tim= {s=c)
Figure 7.5. Baseline Signal Display

Establish a stable baseline on a start-up solution then switch to reagents.

If baseline collection is discontinued by selecting the stop button, thc rewind
button becomes available.Selecting the rewind button will clear the screen
and reset WinFLOW V4 to collect baseline data.

3. Once a stable baseline has been established with rcagents, and all appropriate
standards, blanks, and samples are correctly placed in the sampler, the system
is ready for the initiation the sampling scquence.

Starting a Sample Ruin . ———

To initiate the sampling sequence, select the fast forward button from the sclect
view bar or from the Data Collect menu. At this time, the sampler will procecd to
the vials as defined in the sample table specificd for this run. Because the operator
has real time access to the data as it is being collected, all four screens of the data
collection window are available during the run. Each of the screens is described
below. There arc many editing functions available in these screens during data
collection. For a detailed description please refer to Chapter 8, Results and Analysis.

. Peak Plot Screen

This is the main peak monitoring screen. As each peak is detected, its signal is
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displayed throughout the run. Based upon the SYNC peak, each subsequent peak
| maximum (apex) is marked according to the parameters defined in the method and
. =- by the sample sequence defined in the sample table. A peak marker is placed at the
-‘v apex of each peak according to the peak-finding parameters set by the operator in
the method used for the run. This peak marker is used to measurc the peak height
from the established baseline. For peak area, a mark will be placed in front and
behind the apex according to the parameters set by thc operator in the Method
Editor. The area of integration is shaded for easy recognition.
Doak Plot Chromaum o e
Channel 2: Thromium
) : :
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w : '
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Figure 7.6. Pcak Plot Scréén
. Calibration Plot Screen
This screen displays the calibration curve as produced by the standards during the
run. If a calibration point is considered undesirable, it can be removed while data is
being collected. This can be performed by double-clicking on any point with the
Peak Editor cross or by changing thc sample type of the standard from C to U in
the Peak Table Results screen (see Figure 7.9). By making these changes, this data
point is removed from the calculations of the standard curve. The point can be
reinscrted by reversing the steps above.
Chromium: Cafibration. Peak 4:414 - FEIER
Chromium: Calibration, Peak 4-1 14
1.0004 e
E D.EDD-I-
£ pa00f. .- DT S G SR
T 02004 v ot
0.000) oW
P N D RS A
) S ' 10
Conc
. Figure 7.7. Calibration Plot Screen
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Calibration Results Screen

This screen displays the calibrants as entered in the method, the corresponding
peak heights or areas, and the details of the calibration curve such as the correla-
tion coefficient, and the carryover percentage.

D.0100
0.0100
0.0500
0.0500
0.0500
0.1000
Q.1o000
0.1000
Q.5000
0, 5000
0. 8000
1.0000
1.0000
1.0000
£, 0000
5.0000
5.0000
10,0000
10.0000
10 10,0000

Coef:

531_36€1450
110403. 0234

0, 595600

Invalidl

Figure 7.8. Calibrations Results Screen

Peak Table Results Screen

This screen displays information such as peak heights, calculated concentrations,
informational flags, and any sample specific information previously entered into
the sample table used for that run. Changing the Type, Dil, or Wt will produce a
corresponding change in calculated results both while the data is being collected
and during post-run analysis.

z cal .05 [ 1 1 0.05D324

Z cal D5 c 1 1 6072 0.050188

kel cal .1 [+ 1 1 11471 0_089086

3 cal .1 C 1 1 11497 0._0993z26

3 cal .1 c 1 1 11483 0_0992E8

4 cal .5 C 1 1 52270 0_522981

4 cal .5 c 1 1 61084 0548472 [OL
4 cal .5 c 1 1 57928 0_519862

5 eal 1 C 1 1 116310 1,048650

13 cal 1 C 1 1 116580 1.051134

5 cal 1 [ 1 1 118550 1.050861

3 cml 5 C 1 1 5E0B5Z 4,884654

& cal & C 1 1 553248 £, Q06358

& cal & C L 1 EE2475 4, 939352

7 eal 10 C 1 1 1041532 3,425093

7 cal 10 c 1 3 1043470 9,446645

7 cal 10 C 1 1 1040047 9,415648

8 cal 1§ U 1 1 1474535 13.351118 ‘HI
B cal L& i 1 1 1474133 13.347476

8 cal 15 1] 1 1L 1471731 13326260

g9 E Lank BLNE 1 1 6660 0,.055511

o Easeline 1 1 g =0_004813 :BL
1] Easuline 1 1 a =0, 004813 :BL
1 .0l 1 3 2435 0.017247 j0L
1 -0l 1 1 1970 0_Q1l1223

1 .01 1 1 1731 0.010868

1 .01 1 1 1687 0.010469

1 .o 1 1 1687 0.010467

1 1 1 1706 0,01063%

1 1 1 1704 106

Figure 7.9. Peak Table Results Screen
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Append Samples to a Sample Table mn———

y
_=. :
. =v Adding samples to the end of a sample table that is already initiated has been made
- casier in WinELOW V4. To add additional samples, click on the Sample Table
button. The active sample table will be displayed with all current samples grayed-
out indicationg that these samples cannot be cdited (see Figure 7.10).
Sampla 11
Sample 12
Zanple 12
. Figure 7.10. Append Samples to a Sample Table

The remainder of the table will be available for adding samples. Type in the cup
number, name, type, number of replicates, etc. When completed, the sample table
must be closed and saved. A dialog box will ask if you want to save the revised
table. Click on Yes. The additional samples have been successfully added to the
end of the sample table.

Modifying the Sample Table During a Run meesm

Pause Button

Once data collection has begun the run can be paused so that the current sample
table can be edited in any way as required. To pause the run, click on the pause
button.

At this point the following will occur:
1. Any single group of replicates that are currently being injected will be com-
pletely injected and marked.

2. The software will wait for the sampling pass to end, during which time
baseline lag points (Null peaks) will be marked. Usually two or three Ns will
. be displayed during this lag period. At the end of the lag period the Sample
Table will become available for editing. Those samples that have already bcen
analyzed will be grayed out and are not available for editing.
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3. At this point, select the Sample Table button and perform any editing as
required. All normal parametcrs of the sample table are available.

STYNC
Carryover
Eageline
cal 0,00 ppn C
Cal 0.0) ppm c
Cal 0.10 ppm c
Cal 050 ppm C

[

c
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icw icy’
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Yample 1
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¢ |head Easeline
13 {Sample &
14 Sanple 7
15 i8anple 8
15 iSanple 2
17 igample LU
O {Blanlt
PO, e

wimioiwicininiaiuin ool

2
3
4
&

ojmdidigidia

aig

]
e TR T R R T T et e e I faf e 1 ] G0 601 0| L] 00 Q] Il i e [

&

L oS N T I o o e Lt L Lt Lt Lt T L S e o R o L
[I0STW0 PP O O O N Lt Lot L L Lot Lt Lot Lot L Lo o e Dl g

wWigiaicidic

R

Figure 7.11. Sample Table Screen

4. After the editing process is complete, closc the sample table. By sclecting
Yes, the changes made will be saved and incorporated into the run once itis
restarted.

5. To restart the run, select the play button.

Stopping a Sample Run m—

Sample runs stop in several ways. The most common is for the run to come to
completion on its own. Other software-controlled stops include the failurc of an
ICV or a second failure of a CCV standard. A run can also be stopped by the
operator at any point by selecting the Stop button from the collecting window.

Operator-Stopped Run

If a run is stopped manually by selecting the stop button, WinFLOW V4 will
verify that command.

If Cancel is selectcd, data collection will continue; if OK is selected, the data file
can be handled under the following choices:

« If the operator does not wish to save any previously displayed data but wants
to immediately reinitiate data collection by sclecting the rewind button, the
following message will be presented:

If Yes is selected, all previously displayed data will be cleared and
WinFLOW V4 will be reset to collect baselinc data.
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If No is sclected, previously displayed data will remain until the operator
takes further action.

e If the data is to be saved, go to the File menu and selcct Save. This will
automatically save it under the file name previously given when data collec-
tion was initiated (sec “Initiating Data Collection” in this chapter).

®
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Close the Data Collection screen and reinitiate the data collection process.

WinFLOW-Stopped Run

[ the rup is allowed to proceed to completion or is stopped due to a failed CCV or
ICV, the data will automatically be saved under the operator-dcfined filename and
will then proceed directly to the Results and Analysis screen.

In the case of a sudden loss of power, WinFLOW V4 will automatically prescrve
all data collected. When WinFLOW V4 is rostarted, the data file will be displayed
and the operator can choosc to save it.
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Chapter 8
Results and Analysis
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This chapter discusses data processing following a completed run. Since the
WinFLOW V4 software has on-line editing capabilities, most of the processes
described in this chapter are also available during data collection (see Chapter 7).

A single data file will be used throughout this chapter as an example. By thor-
oughly exploring one data file we hope the operator will develop a better
understanding of the data processing capabilitics of WinFLOW V4 and ultimately
enable the operator to process acquired data more quickly, efficiently, and accuratcly.

Loading A Data File mu———

To load a saved data file, either select the Data Analysis button from the
button ribbon or from the Select View Bar, or, if already in Result and Analysis
screen, go to the File menu and select Open. The Open Results dialog box will
appear.

Open Results

chB8dat™1 st

Figure 8.1. Open Results and Analysis Dialog Box

A filc may be loaded from any active drive on the computer. During processing, a
data file can be opened from any drive, processcd, and saved to any location.

Data Processing ToolS s ———"

Results and Analysis Screen

Each channel of the Results and Analysis section of the WinFLOW V4 software is
split into four windows: Peak Plot, Calibration Plot, Peak Results Table, and
Calibration Results Table.
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Each of the four windows in the Results and Analysis screen are available for post-
run processing. To access an individual window, click the Maximize button in the
top right comer; the Minimize button will return the operator to the main windows.

dih
w

Pisak Plot: Chromium 886ock 1858 | Chromium: Calibiaton, Peak 4 b PR ]
Chromiurm: CGalibration, Feak 4-98

y.E@ oo T T Lt

Channel 2: Chromiurm

1.000d AR

o
o
©

o.&Ep04 08004

Helght (E-+05)

o.000h a.o00

Absorbance (pAU) (E+08)

=
o

o 2000 4000 000 2000

PrORaRa IS RRO R

118768

3] Haseline
0 Baselina

1 eal 01
1 =al .01
1 eal _01
cal _0F
cal .05
=Rl 05
cel .1
cal .1
cal .

nnnnnnnnngas'_

ipimiriimipinipiimie
[ T e e L L L L U L

o
wiwwirimis

Figure 8.2. Results and Analysis Screen

Data Processing Tools and Menus

This section contains an overview of the editing tools available in the Results and
Analysis screcn. Functions will be described in detail throughout the rest of the
chapter.

The Peak Editor Button
Selecting the peak editor button toggles thc mouse cursor betwecn the
standard pointer and the pcak editor cross. -

Grid On/Off Button
Selecting the grid on/off button removes or restores the grid lines in the
Peak Plot and the Calibration Plot. Removing the grid lines increases the printout
speed.

Recalculate Button
Selecting the recalculate button H  recalculates results according to changes
made by the operator (such as moving a peak marker or moving a baseline point).
The recalculate button becomes available after any data editing that could result in
a change in the calculated values. Once selected, the edited data is applied to all
four windows of the Results and Analysis screen. Results will also be rccalculated
automatically when exiting or entering another window.

Delete/Reprocess Peaks Button
This button is used primarily to reanalyze peaks to guard against any peak

mismarking that may have occurred. Most frequently, this will occur with the
SYNC peak. For example, if the SYNC peak is marked in the wrong place, all
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subsequent peaks will be marked incorrectly. In this case, delete the incorrectly
placed SYNC pecak mark, remark at the apex of the proper sync peak, and reana-
lyze.

When the delete/reprocess peaks button is selectcd, a new cursor appcars.

Peak Plot: Ehromium -

Channel 2: Chrormlurn

Y- IO SRRSO SO T W% 11

Absorbance (pAL) (E+08)

Figure 8.3. Delete/Reprocess Cursor

When the new cursor is placed over a peak and the left mouse button is released,
the Delete All Peaks Warning Dialog Box will appear. By selecting Yes, the
operator chooses to delete the selected peak and all pcaks to the right of the se-
lected peak.

Once the peak markers have been deleted, add a peak marker to the first

available non-marked peak using the peak editor cursor button % . This will
now be the peak that determines how all of the peaks to the right will be reana-
lyzed. The factors for this reprocessing will be the information previously saved in
the Method Editor, such as cycle time and peak finding parameters.

Once the first peak in the series of deleted peaks has been placed, selcct the recalculate

Menu Options

The Results and Analysis pull-down menus contain the standard menu options as
well as options specific to the Results and Analysis screen. (See Chapter 4 for a
discussion of the standard menu options.) Many of the opcrations discusscd
throughout this chapter are duplicated in mouse and menu options.

File Menu

The File menu contains file-related options.

Open Opens a new results file.

Save Saves the current results file.

Save As Saves the current results file under another file name.

Export Exports Peak Table or Calibration Tablec to the operator-specified

location as a text (.txt) file. Only available when the Peak Table or
Calibration Table is maximized.
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Update Updates Method Editor file with the changes made post run (c.g.,

Method first order changed to second order curve fit).

Print Setup  Standard Windows print setup options.

Print Prints current window. Must have onc of the four windows maxi-
mized to print.

Exit Exits the Results and Analysis screen.

Data Collect Menu

The Data Collect menu provides options for data collection.

RunSetup  Initiates the data collection process.
Single This feature is only functional during data collection.
Sample Mode

Analysis Menu
The Analysis menu contains options for post-run data analysis.

Smoothing  Sce Chapter 5 for a description of the different smoothing choices.
Recalculate  Updates results according to changes made by the operator.
Delete Peaks See “Recalculate Button” in this chapter.

Include Includes the point (0,0) in the calibration curve.

Origin

Calculation  Gives the operator the choice of measuring peaks by height or arca.
Mode The current selection will be indicated with a check mark. See

Figure 8.4 and “Recalculate Button” in this chapter.

Figure 8.4. Calculation

Mode
Fitting Applies first order, second order, third order, or weighted linear
Model curve fit to results. See Chapter 5 for a discription of this function.

Logarithmic Allows for selection of logarithmic curve fit.

Figure 8.5. Fitting Model
Choices Menu

Calibration Menu
‘The Calibration menu allows calibration curves to be imported and exported. The
menu also displays a list of the calibration curves used in the run.

Load Allows a previously saved calibration curve to be imported into the
Calibrations current data file.
Save Saves the current calibration curve to a separate file so that it may be

Calibrations used in another results file.
Use Loaded  Applies the loaded calibration curve to the current data file.
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View Menu

The bottom portion of this menu displays the number of channels that werc used to
collect the data of the current open file. The channels will be listed by the name (if
any) given by the operator in the Channel Options screen of the Method Editor (see
Chapter 5). By selecting one of thesc channels, the operator can move directly to
another channel without having to close the windows each timc.

Show Allows the operator to view or hide the baseline on the Peak Plot.
Baseline

Peak Labels  Displays the sample name and the sample concentration above cach
on Printout  peak on the printout.

Format Allows the operator to select the color schemes for the Pcak Plot.

Analysis

Format Allows the operator to select the color schemes for the Calibration

Calibration  Plot.

Reports Displays results information from all of the channels used to collect
data in one table.

Preview Displays the Run Sequence Table of the current file.

Scroll Lock  Allows the operator to freeze the baseline updatc used during data
collection.

Grid Displays or hides the grid lines in the Peak Plot and the Calibration
Plot.

Peak Plot ScreeT "
Magnifying the Peak Plot

To magnify any portion of the Peak Plot, place the cursor near the point to be
magnified, hold down the right mouse button, and drag the box that will appear
around the area to be enlarged. When the right mouse button is released, the
highlighted area will fill the entire Peak Plot screen. Several levels of magnifica-
tion can be produced by scquentially repeating this process.

Peak Plot: Chromium

Absorbance (AL (E+08)

o 2000 4000 2000 aono
Tirma {zec)

Figure 8.6. Peak Plot Magnification

A single click on the right mouse button will display a menu (sec Figure 8.7) that
will allow the zoom to be reversed step-by-step or by an immediate return to the

original full scale plot size. The Peak Plots in Figures 8.6 and 8.7 clearly demon-
strate the differences in scale that the magnification function produces.
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Figure 8.7. Peak Plot
Magnification

Using Cursor For Peak Identification

This ID/Information tool provides information about the Peak Plot or Calibration
Plot points when the cursor is placed on a peak number and the left mousc button is
pressed and held. The Peak Plot screen displays the peak number, type, height, cup
number, and concentration of the selected point. The Calibration Plot scrcen
displays the identification name, theoretical concentration, and height of the
selected point (see Figurc 8.14).
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Figure 8.8. Peak Identification

Moving a Peak Marker

To move a peak marker, place the peak editor cross on the marker to be moved.
Click and hold the left mouse button, drag the marker to the desired location, and
releasc the left mouse button.

Changing a Peak State (Add, Delete, Toggle Baseline Point)

To change the peak state, place the peak editor cross on the desired peak and click
the right mouse button. The peak state options will be presented (sce Figure 8.9).
To add or remove a peak, placc the cursor at the baseline point, click the right
mouse button, and select Add Peak Mark or Delete Peak Mark. To togglc a
baseline point (B), right click on the peak with the peak editor cross and sclect
“Toggle Baselinc Point” in the menu that appears.

Figure 8.9. Chanéi'r-ig Peak
State Options
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Calibration Plot Screen . ——————————

Magnifying the Calibration Plot

To magnify any portion of the Calibration Plot, place the cursor near the point to
be magnificd, hold down the right mouse button, and drag the box that will appear
to enclose the area to be enlarged (see Figure 8.10). When the right mouse key is
released, the highlighted area will fill the entire Calibration Plot screen. Several
levels of magnification can be produced by repeating this process. A single click
on the right mouse button will return the display to the previous level of magnifica-
tion. The Peak Plots in Figures 8.6 and 8.7 clearly demonstrate the differences in
scale that the magnification function produces.

Chiomium: Vulibration. Peak 4 8
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Figure 8.10. Calibration Plot Magnification

Using the Cursor for Calibration Point
T et ¢ 10 1 15—

This 1D/Information tool provides information about the Calibration Plot points
when the cursor is placed on a peak number and the left mouse button held down.
The information displayed is the identification name, theoretical concentration, and
height of the selected point (see Figure 8.11).
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Figure 8.11. Calibration Point Identification
Removing Outlier Calibration Points

To remove an undesired point, place the peak editor cross on the point to be
removed and double-click with the left mousc button. To return the point to the
plot, repeat the process. The removed value will not be used in the calculations for
the standard curve. Calibration points that have been removed are shaded gray.
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Peak Results Table meese—
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Figure 8.12. Pcak Results Table
Peak Results Table Fields
. Peak Identifies the peak ID number or baseline designation.
Number
Cup Displays the location of the sample source in the sample tray.
Number
Name Displays the name of the sample.
Type Displays the sample type. (See Table 6.2.)
Dilution Displays the factor by which a sample has been diluted.
Weight Accounts for weight factors in soil and plant analysis.
Height Displays the peak height as measured from the bascline to the peak

marker.
Calculated  Displays the calculated value relating height to concentration based
Concentration on the calibration curve.
Flags Provides details about a particular point in the run. For a list of
defined flags and their functions, see Tablc 8.1.

Peak Results Table Flags

The Peak Results Table contains a column of Flags.
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Table 8.1. Pecak Table Flags
—{N
Y
.
@ 1
=¥ BL Baseline  Uscd for all baseline markers. RB type and baseline
verification.
LO Low Marks peaks that are below specified limits.
Failed Marks all CCVs and ICVs that do not meet percent
deviation requirements.
Preempted  Shows when CCV fails on one channel but not the other.
Sccond channel peaks will be marked as preempted.
D Diluted Marks overlimit peaks to show that they were diluted
later in the run
[ ] L]

P Calibration Results Table m——————
The Calibration Results Table provides the user with important information
regarding the efficiency of the calibration process. Important information such as
the calibration coefficient (e.g., slope, y-intercept) and correlation coefficient.
Carryover calculations are also displaycd in these tablcs.

Chiomium: Catlnation, Peak 4-98
* Q i 6262
* cal 05 0.0800 6258
* cal .05 Q.0500 6319
* cal _1 0.1000 11920
* cal 1 0.1000 11334
* cal .l 0.1000 12328
* cal & 0. 5000 60058
* cal _E 0_5000 53847 |
* cal _5 0. 5000 59740 |
* cal 1 1.0000 11e8039
* cal 1 1.0000 118620
* cal 1 1.0000 1184458
* cal & £.0D000 E54444
* cal & 5_0000 E632877
* cal & 5.0000 L0256
* cal 10 100000 1059988
* cal 10 10,0000 1080820
* cal 10 lo_oooo 1079185
Calib Ceef:
yebxta
@z (intercept) 7491, 858438
b: 117584 521%
Corr Coef: D.989743
Carryover: Invalidl

. Wo Drifc Peaks : 3 ﬁw
Figure 8.13. Calibration Results Table
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Calibrant ID

The first section of the calibration table lists the calibrant names, theorctical
concentrations, and peak heights. The * to the left of the calibrant name indicates
that it is being used in thc calibration curve (i.e., the data point has not been
removed by the operator). The concentration values are editable. Therefore, if the
cups were mispoured or if the concentration value was labeled incorrectly before
the run, it can be corrected post-run.

@
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Calibration Coefficients

The second section lists the calibration coefficients. The number of coefficients
depends on the order of the curve. First order has two, second order has threc, and
third order has four.

Correlation Coefficient

The corrclation coefficient is a mathematical indication of the strength of the
correlation between two data sets (in this case, peak height or peak area and
calibrant concentrations). A perfect correlation would result in a correlation
coefficient of 1.00. A correlation coefficient greater than 0.995 represents a
correlation strong enough to consider a calibration curve valid according to
USEPA standards.

. Standard Error
The standard error is an average of the residuals over the entire curve.

Carryover

The %CO is the number used to correct for the interaction between pcaks. If the
carryover correction was not implemented correctly, or not uscd at all, the %CO
will read “n/a”.
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WinFLOW V4 data can be viewed in the Final Report.

Within the Peak Results Table, go to the View menu and select Reports. The
WinFLOW V4 Final Report will be displayed. This report (see Figure 8.14) differs
from the Peak Results Table in that it contains the time stamp for each analysis as
well as mean and RSD calculations for any sample or standard run in triplicate or
greater.

RST

il

Run Results Report
Results: CAWINFLO™110205ALUM.RST
Results completed: 19:33 February 05, 1999,

Operatar: k
Aluminum-EPA
Time Cup Name Height Calc. Flags
User request: Start Data Collect
7:57 D Carry Over -44  -0.000555 LO
7:59 0 Carry Over -174 -0.000914 L0
: Mean & RSD: 109  -0.000735§ NeRSD
: 18:01 0 Baseline 0 -0.000434 BL
18:03 1 Cal.01104p 4625 0.012311
: 18:05 1 Cal.01104p 4744 0.012637
: 18:07 1 Cal.D1104p 4354 0011564 OL
! Mean & RSD: 4685 0.0124T4 A.27%

'18:09 2 Cal.2208 pp 11238 0.030394 OL
}18:11 2 Cal.2208 pp 10820  0.029256
118113 2 Cal.2208 pp 10839  0.029308

: Mean & RSD: 10830 0.029282 2.18%
718:45 3 Cal.D5520p 19565  0.052936 UM
$1817 3 Cal 05520 p 19591  0.053007
i1g19 3 Cal.D6520 p 19218 0.052004

Mean & ASD; 19458  0.052649 1.07%
iim21 4 Cal.MG4pp 42404 0.113462
118:23 4 Cal.1104pp 41976 0.112346
18:25 4 Cal 1104 pp 41364 0.110748

AA TR

Flg 8.14. Fmal Reprt S;rcen
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Appendix
Error List

Instrument Errors

The following is a list of the errors that the Flow Solution/CN Solution can gener-
ate along with a short description of each. These errors are reported to the operator
in a WinFLOW V4 message box that identifies “instrument crror encountered:”
and then lists the exact text received from the instrument. See the notes below this
table for more information on what the cause could be.

01 Syntax error Unrecognized command, or parameters invalid.

02 Out of memory Most likely, the sample table is too large.

03 Invalid mode Command sent is not valid in this mode.

04 Label not found The label # specified in a GTL command does not exist.

05 Invalid parameter Tried to execute invalid parameter in stored sequence. Tried
to set illegal baud rate in a PBR or DBR command

4] Detector timeout Detector did not respond within a certain time. Resetting the
instrument may be required.

42 Detector timeout or overflow  Sent command before last command finished. Resetting the
instrument may be required.

43 Invalid detector data Detector sent incorrect data. Resetting the instriument may
be required.

44 Bad detector command Received “7” from detector. Resetting the instrument may
be required.

45 Scrial channel Rx buffer full  Resetting of the instrument may be required. Possibly an
Octal UART board problem.

46 Serial channel Tx buffer full  Resetting of the instrument may be required. Possibly an
Qctal UART board problem.

60 Autosampler fault No response from autosampler, reset.

71 PC RHR overrun A character was not removed from UART channel in time

72 PC framing error UART communication error.

73 PC parity error UART communication error.

74 PC Rx buffer full Analyzer mode set to invalid value.

75 PC Tx buffer full Characters are not being sent to PC fast enough.

81 EXCEPTION Stack frame error.

82 EXCEPTION Invalid command code gencrated.

83 EXCEPTION Analyzer mode set to invalid value.

84 EXCEPTION Impossible code passed to GET-PARAM-RANGE.

Cl EXCEPTION Data reccived from inactive detector (AVG=0).

C2 EXCEPTION Value received from detector in an invalid mode (not A or P).

C3 EXCEPTION DUART input ready flag generated, but no delimiter found.

PC jnput ready flag generated, but no delimiter found.

Fl EXCEPTION

Appendix 73
Error List







i
ar

Additional information about the above errors:

01,03-06  These errors are likely (but not necessarily) software pr:gramming EITOTS.
Analytical technical support at (800)336-1911.

02 The sample table may be too long or there may be too many timed cvents.

41-60 Most likely a hardware problem such as a defective Octal UART board or bad
detector. If one channel in particular generates a disproportionate number of crrors
compared to the other channels, suspect the detector on that channel.

71-75 Most likely a hardware problem on the TDS-2020 board such as a chip going bad.

81-F1 Most likely a hardware problem on the TDS-2020 board such as a memory chip going
bad. If the problem cannot be identified, contact O Analytical at (800)336-1911.

C1-C3 In addition to the above, could also indicate a problem with either the Octal UART
board or a detector board.

Even the most robust electronic device will occasionally malfunction due to
environmental problems such as a static charge, current or voltage spikes, brown-
out, moisture, or even a physical shock (such as a hit or drop) to the system. In
these cases, the error that is generated may have little to do with what causcd the
problem in the first place and may be impossible to trace. This type of error
generally occurs infrequently and is not repeatable. If an error occurs consistently
or repcatedly, it usually indicates a hardware problem.

WinFLOW V4 Errors

There are a number of possible software-based errors that could be gencrated while
running WinFLOW V4. They range from fatal (e.g., General Protection Fault) to
inconvenient (c.g., problem initializing autosampler) to helpful (e.g.. must have
three data points for second order curves). There is no simple error list as there is
for the instrument because of the scope of the software. The best thing to do is to
kcep a log of reported errors and what was done to fix them.

General Protection Fault (GPF): All Windows software will occasionally
expericnce a GPF. Many of these are actually caused by the Windows operating
system itself. However, if a certain area of the software or the performance of
certain activities causes GPFs consistently, this usually indicates a problem with
the WinFLOW V4 software.

Assert: WinFLOW V4 was programmed with what are known as “asserts.” These
are put in the software where certain conditions must be true (e.g., the analysis
window has to exist in order to draw the curve trace). These asserts assist in
debugging the software to a point where the assert condition to be false. Asserts are
considered to be very similar to GPFs; however, they usually offer more informa-
tion about what went wrong and where in the program the problem occurred.

Reporting the Errors

The most important thing about tracking down an error is its reproducibility. If the
problem cannot be reproduced, chances are that the factory will not be able to find
it. A good tool for finding errors is to use a standard questionnaire, including
questions such as in the following example.
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Error Reporting Form

Use another sheet if nccessary.

List the exact text of the error message.

What did you expect to happen instead of the error?

How many times has this exact error occurred?

What firmware revision was being used? (This is
noted under the Help/About menu item.)

List computer type (486DX, Pentium, etc.) and
processor speed.

Operating system (c.g., Windows 95, Windows 58)

ing files:

« the sample tablc (*.tbl) the run is based on

o the method (*.mtd) the run is based on

» the result file (*.rst) that was generated or being used
e WinFLOW.ini file

»  all files with this type of name: debugXX.txt

Appendix 75
Error List
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Posr-Distillation C) va-m_fde by ST4

— | R
O-Analytical '.'.—".'::' Methodology

Post-Distillation Cyanide by
Segmented Flow Analysis (SFA)

(Cartridge Part #A002692)

1.0 Scope and Application

1.1 This method is used for the determination of cyanide in distilled samples that includes water. wastewa-
ter, soil, and shudge. :

12  The Mcthod Detection Limit (MDOL) for this method is 2.6 ug/L. The applicable range of this method is
5.0-500 pg/L. The range may be extended to analyze higher concenirations by sample dilution.

2.0 Summary of Mcthod

2,1 Cyanide is released from cyanide complexes by an o (Fline manual distillation and collected in a
socium hydroxide receiver solution. Sodium cyanide 1s converted to cyanogen chlotide by reaction with
chloramine-T ata pH less than 8. The cyanogen chloride then reacts with the pyridine-barbituric acid
reagent to form a red colored complex. The complex is measured at 570 nm (References 15.2 and L3.5).
For manual distilation procedures, see Reference 15.2. K

22 ‘The quality of the analysis is assurcd through reproducible calibration and testing of the SFA systenl.

23 A gencral flow diagram of the SFA system is shown below (sec Scetion 17.0 fora detailed Now dia-
gramy). :

To Waste @ (1)) )] Pyddre

Chioramine-T

Sample
Air
Buffer
Pai #319442 ‘ Flow Solution 1V
Publivation 14RI500 : 1
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. 3,0 Definitions

Definitions for terms used in \his method arc provided in Section 16.0, “Glossary of Defi pitions and Pur-
poscs.” '

4.0 Contaminations and lutcrfc:,rcnces

41 Several interfercnces arc encountered with this m cthod. Some of the known interferences are alde-
hydes, nitrate/nitrite, and oxidizing agents such as chlorine, thiocyanate, thiosulfate and sulfide. Mul-
tiple interfercnces may require the analysis of a series of laboratory fortificd sample matrices (L¥FM) 10
verify the suitability of the choscn treatment. Some interferences arc climinated or reduced by the
distillation. :

42 Sulfides adversely affect the procedure by producing hydrogen sullide during distllation. If a drop of
the sample on lead acclate test paper indicates the presence of sulfide, treat 25 ml. morc ol the stabi-
lized sample (pH 2 12) than that required for the cyanide determination with lead carbonatc. Yellow

cadmium sulfide precipitates if the sample contains sulfide. Repeat this operation until a drop of the

N treated sample solution does not darken the lead acciate fest paper. Filter the solution through a dry

filter paper into a dry heaker, and from the filtrate, measure the sample Lo be used for analysts. Avoid a
large excess of lead and a long contact ime in order to minimize a loss by cnrnplcxalibn or gcelusion of
cyanide on the precipitated material.

43 High results may be obtained for samples that contain hitrate and/or nitrite. During the distillation
. nitrate and pitrite will form nitrous acid that will react with somc organic compounds to form oximes.
These oximas will decompose under test conditions to generatc HCN. The interference of nitrate and
nitrite is eliminated by pretreatment with sulfamic acid.

4.4 Oxidiving agents, such a8 chlorine, dccompose most of the cyanides. Test # drop of the sample with
potassiwm iodide-starch paper (Ki-starch paper) at the time of collection; a bluc color indicates the
need for treatment. Add ascarbic acid, a fow crystals ata time, until a drop of sample produces no color
on the indicator paper; then add an additi onal 0.06 g of ascorbic acid for each liter of sample volume.

Sodium arsenite has also been cmployed to remove oxidizing agenls.

45 Other compatible proccdureé for the removal of suppression of interferences may be cmployed pro-
vided they do not adversely affect the overall performance of the method.

4.6 Mecthod interferences may be caused by coptaminants in the reagent watcr, reagents, glassware, and
other sample processing apparatus that bias analyte r¢sponse.

) 5.0 Safety

5.1 The toxicily of carcinogenicity of each compound or reagent used in this method has not been fully
cstablished. Each chemical should be trcated as 2 potential health hazard. Exposure to these chemicals

should be reduced to the lowest possible level.

5.2  For reference purposcs, a ﬂlé of Material Safety Dala Sheets (MSDS) for each chemical ussd in this
method should be available to all personnel involved in this chemical analysis. The preparation of a
formal safety plan is also advisable. '

Part 1319441 : Flow Solution 1V
Publicmion 11890500 . 2
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. 53 The following chemmicals used in this method may be highly toxic or hazardous and should pe handled
with extreme caution al a1l times. Consult the appropriate MSDS before handling.

531 Barbituric Acid (CHN.0)

532 Chloramine-T (CH.CH 50,NNaCl'3 H,0)
533 I-Iydrochluric Acid, coneentrated (HCI)

h 5134 Potassium Cyanide (KCN)
535 Potasyium 'l-Iydmxidc(K(')H)
536 Pyrdine (CHN)
53,7 Sodium Hydroxide (NaOH)
538 Sodium Phosphate. monobasic monohydrate (Na’HzPO,‘-I-'IzO)

Warning: The cyanide ion, hydrocyanic acid, all cyanide salts, and most metal-cyanide
complexes arc cxtremely dangerous (Reference 15.4). As a contact poison,
cyanide need not be ingested to produce toxicity. Als0, cyanide solutions produce
fatally toxic hydrogen cyanide gas when acidified. For these reasons, it is manda-

tory that work with cyanide be carried out in a well-ventilated bood by properly
. (rained personncl wearing adequate protective cquipment.

5.4 Unknown sawmples miy be potentiatly hazardous and should be handled with extreme caution at all
fimes.

5.5 Proper personal protective cquipment (PP K) should be used when handiing of working in the presence
of chemicals.

wh
o

This method does not address all safcty issues associated with its use. The laboratory s responsible for
maintuining a safe work environment and a CuIfent awareness file of OSHA regulations regarding the
safc handling of the chemicals specified in this method.

6.0 Apparatus, Equipment, and Supplies
6.1 Segmented Flow Analysis (SFA) System (O1 Analytical F low Solution TV) consisting of the following:
6.1.) Model 502 Multichannel Peristaltic Pump

612 Random Access (RA) Autosampler

6.13 Dxpanded Range (ER) Photometric Detector with 5-mim path length floweell and 570-nm
optical filter

6.1.4 Data Acquisition System (PC or Notcbook PC) with Win[LOW™ software

Pawe 4319442 Flow Solution IV
Publicition 148905010
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. 6.1.5 Post-Distillation Cyanidc Cartridge (O! Analytical Part #A002692)

6.2 Sampling equipment — Sample botllc, amber glass, with polytemrﬂuomcthylene (PTE F.')-liricd cap.
Clean by washing with detergent and watcer, rinsing with two aliquots of reagent water, and drying by
baking at 110°-1 50°C for a minimum of one hour.

6.3 Standard laboratory cquipment including volumetrie flasks, pipettes, SYTiRECs. cte. should all be
cleancd, rinsed and dricd per bottle cleaning procedure in Section 6.2-

7.0 Reagents and Calibrants

7.1 Raw Materials
211 Barbituric Acid (CH,N,0,)
7.12  Chloramine-T (C113C‘|H4$(_)2N‘NaCl-31-110)

\ 7.1.3 Hydrochloric Acid, concentrated (HCh
7.1.4 Potassium Cyanide (KCN)
7.1.5 Potassium Hydroxide (KOH)
. 7.1.6 Pyridine (CHN)

717 Sodium Hydroxide (NaOLl)
718 Sodium Phosphate, monobasic monohydrate (NaH PO, H,0)
719 Brij®-35, 30% wiv (Ol Anatytical Part #A21-0110-33)

7.2 Reagent Preparation
721 Reagent Water

72.1.1 Degasscd and deionized reagent water can be preparcd in one of the following mannevs:
72.1.1.1 Place distilled/dcionized water under 4 sirong vacuum for 15-20 mivufcs.
Magnetic sturing or gonification will aid in the degassing process.
3

72.1.1.2 Purge water with a stream of nitrogen gas (ot other inert gas) throu gha
glass [rit for approximately 5 minutcs. :

72.1.1.3 Ball distilled/deionized waler in an Erlenmeyer flask for 15-20 minutes.
Remave the flask from the heat source, cover it with an inverted beaker, and
allow il to cool to room temperature. '

Pact 1310142 Flow Solution IV
Publication 14800500 4







10/31/00 TUE 10:01 FAX 409 690 7155 01 TECH SUPPORT

) e

Post-Distillation Cyanide by SFA

7212 After preparation of degasscd reagent water, protect it from re-absorption of atmo-
spheric gases by storing il in a tightly scaled container, TFor best results, store de-
gassed reagent water under a slight vacuum when ROT in use.

792  Start-up Solution (1 Ly—Add 4 mL of Brij-35to 2 L. of deionized water and mix gently.
72,3  Sodium Hydroxide, 10'N (250 mL)
7231 While continuously SUIing, cautiousty add 100 g sodium hydroxide m‘apyiroximately
175 mL deionized water in a 250-mL volumetnc Nask.
79372 Whenthe solution 1s cool, dilute 10 250 ml. with deionized water and mix well.
71233 Store tightly capped in a plastic container. Storage is limited to one month.
Caution: The dissolution of sodium hydroxide in water releases & reat amount
of heat,
794 Phosphate Butfer (1L)
7.3.41 Dissolve 1388 of sodinm phosphatc monobasic monohydrate in approximately
%00 mL of deionizcd water ina 1,000-mL volumetric flask. :
7.2.4.2 Dilutc the solution to 1,000 mL with deionized watet.
7243 Add4mlof Brij-35 to this solution and mix gently.
7944 Storeat4°C.
7.2.5 Chioramine-T (500 mL)
7251 Dissolve2 g of chloramine-T in appmximutcly 400 mL of deionized watcr ina
50(-mL volumetric flask.
7252 Dilute the solution to 500 mL with deionized water and mix well.
7.2.6 Pyridine—Barbituﬁc Acid Reagent (500 mL)
warning:  This reagent must be prepared in a hood. Barbituric acid is an acute irritant and i
toxic if inhaled or digested (Reference 15.4). Pyridine has a Threshold Limit
Value (TLV) of 5 ppm of 15 mg/M? (Reference 15.4).
7.2.6) Inaventilation hood, place 7.5 g of barbituric acid in & 500-mL beaker.
7962 Add 50 mL of deionized wateT, rinsing down the sides of the beaker.
72.6.3 Place the beaker on 4 magnctic stirrer and insert a magnetic stirring bar.
Pac #1924 Flow Solution IV
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. 72.6.4 While atirring the solution, add 37.5 mL of pyridine and then 7.5 mL of hydrochloric
acid.

7265 Add300 mL more of deiomized water, cover the beaker, and continue stirring until the
barbituric acid is completely dissolved.

7.2.6.6 ‘Transfer the solution to a S00-mi. volumetric flask, diluic o the mark with deionized
water and mix well.

7267 Filter the reagent through a 0.45-p tilter.
7268 Prepare this reagent weekly.
7.3 Calibrant Preparation
73,1 Stock Calibrant, 100 xﬁg/L CN (1,000 mL)

73.1.1 Dissolve 2 gof potassium hydroxide in approximately 800 mL of deionized water ina
1-L volumetric flask.

7312 Add0.2505¢ of potassium cyanide, and gtir until dissolved.
Warning: Potassium cyanide 1s 2 poison (Reference 15.4). 1tis toxic if inhaled or

“ingested and is also absorbed through the skin. Contact with acidic
. solutions will cause evolution of deadly hydrogen cyanide gas.

73.1.3 Dilute the solution to 1,000 mL with deionized water and mix well,
732 Intermediatc Calibrant, 10mg/L CN (100 mlL)

7321 Used volumetric pipet to 4dd 10 mL of stock calibrant to approximately 80 ml. of
deionized water in a 100-mL. volumetric flask.

7422 Dilute the solution to 100 mL with dejonized water and mix well.
733  Working Calibrants (100 mL)
73.3.1 Working calibrants may be prepared to cover the desired range by aclding the appro-
priate amounts of stock (or intermediate) standard 10 100 mL volumetric flasks that

contain approximately g0 mL of 0.25 N NaOH.

» 73372 Dilute the golutions to 100 mL with 0.25 N NaQH.

fart $310442 Flow Solution 1V -
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EQUATION |

C/ Vl ~ Cz VJ

Wherc
) 2, = Desired concentration (in mg/L) of ‘worling calibrant to be prepared
, = Final volume (in L) of wor. fking calibrant 1o he prepared
O = Concentration (in mg/L) of srock solution (or calibrant)

Jd
V, = Volume (in L) of stock solution (or calibrant) to be used

By solving this equation f{or the volume of stock solution to be used (V,), the following cquation is obtained:

v, =GV,
C

2

Since the desired concentration (C), the final volume (V ). and the concentration of the stock solution (C )
are all known for any given calibrant concentration in a dc. fined volume, the volume of stock solution to be
used () is casily calculated.

. 7.3.33 Alternately, standard curves in desired ranges can be derived from the tables below:

Purl 1319442 I Flow Solution IV
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. 8.0 Sample Collection, Handling,:‘ and Prescrvation
8.1 Add approximatcly 2 mL of 10 N sodium hydroxide per liter of sample to obtain a pH greater than 12
and cool to 4°C,
8.2 Ifresidual chlorine is present, a‘ldd 1.2 g of ascorbic acid to cach liter of sample.
8.3  The maximmm holding time for samples without any sulfide present is 14 days.
Note: Samples may be tested for sulfide with lead acctate paper before adding sodium hydroxide,
8.4  With sulfide present the holding time is 24 hours. 1f sulfide is present it can be removed as follows:
8.4.1 Addlead carbonale powder.
842 After the addition of lﬁad carhonate, filter the sumple immediately.
843 Add2mL of 10 N NaOH per liter of sample.
A 8.4.5 The samples may be held for 14 days following removal of the sulfide (Reference 15.3). A
more complete deseription of sample handling can be found in Reference 15.3. -
9.0 Quality Countrol
. Note: The following QC procedurcs are provided for relerence purposcs only and are not a substitute
for any QC procedures that may be required for regulatory compliance.

9.1 Ttis recorvmended that cach laboratory that uses this method operate a formal quality control prograim.
The minimum requirements of such a propram should consist of an initial demonstration of laboratory
capability and the periodic analysis of Laboratory Control Samples (1.CSs) and Matrix Spike/Matrix
Spike Duplicates (MS/MSDs).as a continuing check on performance. Laboratory performance should
be compared to established performance criteria to determine if the results of the analyses meet the
pertormance characteristics of the method,

9.2  Method Detection Limit (MDL) — To establish the ability to detect cyanide at low levels, the analyst
should determine the MDL using the apparatus, reagents, and calibrants that will be used in the practice
of this method. An MDL less than or equal to the MDL listed in Section 1.2 should be achicved prior to
practice of this method.

9.2.1  An MDL is calculated by analyzing 2 matrix spike at a concentration of two to three times the
3 expected detection limit of the analyzer. Seven consecutive replicate analyses of this matrix
spike should be analyzed, and the MDL should be calculated using Equation 2:

Dure 1319442 : Flow Solution IV
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EQUATION 2

MDL = (t) x (S)

Where: :

t = Student’s t value for a 99% confidence level and a standard deviation estimate with n-1
degrees of freedom (1 — 3.14 for seven replicates) '

S = Standard deviation of the replicate unalyses

922  Itis recommended that the MDL be calculated afier every six months of opera.tioh, when a new
operator begins work, or whenever there is any significant change in the instrument responsc.

93 Analyses of MS/MSD samples are required to demonstrate method accuracy and precision and to
monitor matrix interferences (interferences caused by the sample mauix).

9.3.1  Matrix Spike/Matrix Spike Duplicate (MS/MSD) — The laboratory should spike, in duplicate,
a minimum of 10% of-all samples (one sample in duplicate in cach batch of ten samples) from
a given sampling site. '

. 932 The concentration of the spike in the sample shall be determined as follows: T

9.3.2.1 If as in compliance monitoring, the concentration of cyanide in the sample is being
checked against a regulatory concentration limit, the spiking level shall be at that
limit.

) 9322 Ifthe concentration of cyanide in a samplc is not being checked against a limit, the
spike shall be at the concentration of the LCS or at least four times greater than the
MDL.

9.4  Analyscs of Laboratory Reagent Blanks (LRBs) are required to demonstrate freedom from contamina-
tion and that the compounds of interest and interfering compounds have not been carricd over [rom a
previous analysis,

9.5 As part of the QC program for the laboratory, method precision and accuracy for samples should be
asscssed and records should be maintsined. .

051 An LCS should be analyzed with every sample batch, and the mean (m) and the standard
deviation (S) should be recorded. After multiple analyscs, the mean should be plotted with
limits of m+2S and m=25. The mean and the limits should be recalculated after every 5—10 new
measurcments.

952 Tfthe LCS measurement falls outside the range calculated in Section 9.5, then the problem
should be addressed, and that sample batch should be reanalyzed if neccssary.

Part #319442 ; Flow Solution TV .
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. 96 Reference Sample —To demonstrate that the analytical system is in control, the laboratory may wish
to periodically test an cxternal reference sample, such as 4 Standard Reference Material (SRM) avail-
able from the National Institutes of Standards and Technology (NIST). Corrective action should be

taken if the measured concentration significantly differs from the stated concentration. :
10.0 Configuration and Start-Up

10.1 Instrument Configuration

10.1.1 Configure the Ol Analytical Flow Solution IV Analyzer according to the Operator’s Manual
and verify that each module is properly powcred on.

10.1.2 Verify that the Cyanide Post-Distillation Cartridge (Part #A002692) is configurcd as illustrated
in the flow diagram in Section 17.0.

10.1.3 Connect the appropriate pump tubes to the cartridge and to their respective reagent conlainers
according to the flow diagram. o

10.2 Instrument Stabilization

10.2.1 Connect the reagent pump tubes to a reagent bottle containing the start-up solution (Section
7.2.2). Start the pump at 40% speed, allowing the start-up solution to flow through the entire
syslem. '

. 1022

Make sure that the floweell of each detector is purged of all bubbles and the flow is stable and
free from surging.

10.2.3 Once a stable flow is achicved. connect the rcagent pump tubes to their respective reagent
bottles. Allow the reagents to flow through the entire systcm, then, once again, verify that the
(lowcell of cach detector is purged of all bubblcs.

103 Baseline Verification

10.3.1 Creatc and save a Method in WinFLOW, Refer to the WinFLOW Operator’s Manual (Reference
15.6) for help on creating a Mcthod.

1032 Create and save a Sample Table in WinFLOW that will be used Lo generate a catlibration curve
using at least three calibrants that cover the full range of expected cyanide concentrations in the
samplcs to be analyzed- This Sample Table should also be uscd to analyze all necessary QC
samples as well as the analytical batch of samples to be analyzed. For help on creating a
Sample Table, refer to the WinlLOW Opecrator’s Manual (Reference L5.6).

) 10.3.3  Select Collect Data i the WinFLOW main window, enter the user’s identification, select the
appropriate Mcthod and Sample Table, and begin to collect baseline data. Verify that the
baseline does not drift and is frec from large fluctuations. Very sharp fluctuations in the

baseline and/or consistent drifling are typically sigas of bubbles in the flowcell. Tht flowcell
must be free of bubbles prior to beginning anulysis.

par 319442 Flow Solution 1V
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10.4 Calibration and Standardizatioﬁ.

10.4.1 Preparc a series of at least three working calibrants using the gyanjde intermediate calibrant
(Section 7.3.2) according 10 Equation 1, covering the desired analysis range.

10.4.2 Place the calibrants in the autosampler in order of decreasing concentration and analyzc cuch
calibrant according to Scetion 11.0. A calibration curve will be calculated by the WinFLOW

sottwarce.

10.4.3 Acccptance or control limits for the calibration results should be established using the differ-
ence between the measured value of each calibrant and the corresponding “rue” coricentration.

10.44 FEach calibration curve should be verificd by analysis of a Laboratory Control Sumple (L.CS,
Section 9.5). Using WinFLOW sottware, calibration, verification, and sample analysis may be
performed in one continuous analysis.

11.0 Procedure
11.1 Analysis

11 1.1 Placc all reagents on-line. Pump 5_10 minutes. Obtain a stable baseline at 570 nm.

11.1.3 Load the sampler way with calibrants, blanks, samples, and QC samples. The matrix of the
working standards, blanks, and QC samples should mateh that of the samples being analyzed.

11.1.4 Using the Method and Sample Tablc created for the analytical batch to be analyzed and with
the bascline verified to be stable, begin the analysis by sclecting the “Fast Forward” button on
the left side of the Data Analysis window in WinFLOW, This will initiate the scquential analy-
sis of samples as defined in the Sample Table.

11.1.5 When analysis is complete, pump start-up solution through the systcm and stop the pump.
Release the tension on all pump tubes, and power ofl the system.

11.2 Operating Notes
11.2.1 Operate the system under a ventilation hood or in a well ventilated ared.

Warning:  Cyanogen chlotide is a very toxic gas (Reference 15.4). Use care in dperating
the system to cnsure that complete color formation oceurs.

1122 Add sodium hydroxide to the waste container to cnsure that the wastes do not become acidic
and evolve hydrogen cyanide gas.

1123 This procedure is for 0.25 N NaOI distillates. If the normality of the distillates varics, 11 may
be necessary to adjust the buffer. After the addition of buffer and distillate, the pH must be less
than 8. '
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. 11.2.4 1f the standards arc not distilled, 1t is advisablc to check the efficiency of the distillation précess
by taking al least one standard through the distillation procedure. S

12.0 Data Analysis and Calculations
12.1 The calibration curve allows for accurale quantitation of the cyanide concentration in cach sample.

12.2 WinFLOW software reports the concentration of each sample relative to the calibration curve.

13.0 Mecthod Performance

R‘mge
Raie:

14.0 Pollution Prevention and Waste Munagement

. 14.1 Itis the laboratory’s responsibility to comply with all federal, state, and local regulations governing
waste management, particularly the hazardous waste identification rules and land-disposal restrictions.
In addition, it is the laboratory’s responsibility to protect air, watcr, and land resources by mipimizing
and controlling all releases from fume hoods and bench operations. Also, compliance s required with
any scwage discharge permits and regulations.

14.2 FEor further information on waste management, consult Scetion 1.6 of Less is Better: Laboratory
Chemical Management for Waste Reduction (Reference 15.1).

15.0 References
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15.2 Cyanide. Methods for Chemical Analysis of Water and Wastewaler: EPA-600/4-79-020; U 8. Environ-
mental Protection Ageney, Office of Research and Development, Environmental Monitoring and
Support Laboratory: Cincinnati, OH, 1984; Mcthod 335.3.

15,3 Samplc Preservation, Methods for Chemical Analysi of Water and Wastes; EPA-600/4.79-020; U.S.
Environmental Protection Agency, Office of Research and Development, Environmental Monitoring
) and Support Laboratory: Cincinnati, OH, 1984; xvii, XX, XX. .
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15.4. Sax, N.I Dangerous Properties of Industrial Muaterials, 4th ed.; Van Nostrand Reinhold Company: New

15.5

15.6

16.0

York, 1975.

Standard Methods for the Examinalioh of Water and Wastewater, 1 7th ed.; American Public Health
Association: Washington, D.C., 1989 pp 4-178. R

WinFLOW Software and Operator’s Manual (Part #A002877), Available from O1 Analytical, P.O. Box
9010, College Station, TX, 77842-9010.

Glossary of Delinitions and Purposes

The definitions and purposes arc specific to this method but have been conformed 10 common Usage as much
as possible.

16,1 Units of weights and mcasurcs and their abbreviations
16.1.1 Symbols
°C degrecs Celsius
% percent
+ plus or minus
= greater than or cqual to
16.1.2 Alphabetical characters
g gram
L liter
mg milligram
mg/L milligram per liter
ne microgram
pe/L microgram per liter
mL milliliter
ppm parts per million
ppb pasts per billion
M molar solution
N normal solution

16.1 Calibration Blank— A 100-mL volume of CO,~free reagent water analyzed using the FIA proccdure.

162 Calibration Standard (CAL)—A solution preparcd from the dilution © [ stock standard solutions. A
100-mL aliquot of each of the CALs are subjected to the analysis procedure. The resulting obscrvations
are used to calibrate the instrument Fesponse with respect to the analyte concentration,

16.3 Initial Precision and Recovery (IPR)-—-Four atiquots of the LRR spiked with the analytes of mterest and
used 1o establish the ability to generate acceptable precision and aceuracy. An IPR is performed the first
time this method is uscd und any time the method or instrumentation is modified.

Parr #319442 Flow Solution IV
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16.4 Laboratory Control Sample (LCS)—An aliquot of LRR to which a quantity of the analyte of interest is
added in the laboratory. The LCS is analyzed like a sample. Its purpose is to determine whether the
methodology is in contro! and whether the laboratory is capable of making accurate and precise mea-
surements,

16.5 Laboratory Reagent Blank (LRB)—AnR aliquot of reagent water and other blank matrix that is treated
like a sample, including exposure to all glassware, cquipment, and reagents that are used with other
samples. The LRB is uscd to detcrmine if the method analyte or other inierferences arc present in the
laboratory environment, reagents, or apparatus,

16.6 Mauix Spike/Matrix Spike Duplicate (MS/MSD)--An aliquot of an environmental sample to which a
quantity of the method analyte is added in the laboratory. The MS/MSD is analyzed like a sample. Tts
putpose is to determine whether the sample matrix contributes bias lo the analytical results, The
background concentration of the analyte in the sample matrix must be determined in a separate aliquot,
and the measured valucs in the MS/MSD must be correeted for the background concentration. ’

16.7 Minimum Level (ML)-~The level at which the entire analytical system will give a recognizable signal
and acceptable calibration point, taking into account method-specific sample and injcction volumes.

16.8 Ongoing Precision and Recovery (OPR)—See Scction 16.4, [ aboratory Control Sample.”

Pard H319442 Flow Solution IV _
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Sample Table - oitest.tbl

File name: C:\FLOW_4\OITEST.TBL
Date: October 31, 2000

o Sync SYNC 1 1 1
0 Carryover CO 1 1 1
0 Baseline RB 1 1 1
1 Cal 0.00 ppm C 1 1 1
2 Cal 0.05 ppm C 1 1 1
3 Cal 0.10 ppm C 1 1 1
4 Cal 0.20 ppm c 1 1 1
5 Cal 0.50 ppm C 1 1 1
6 Cal 1.00 ppm C 1 1 1
0 Blank BLNK 1 1 1
5 Ccv ccv 1 1 1
0 Read Baseline RB 1 1 1

Cup Name Comment
6 Sync
0 Carryover
0 Baseline
1 Cal 0.00 ppm
2 Cal 0.05 ppm
3 Cal 0.10 ppm

. 4 cal 0.20 ppm
5 Cal 0.50 ppm
6 Cal 1.00 ppm
0 Blank
5 Ccv
0 Read Baseline







Method Settings Dump: C:\FLOW_Y4NOITESTL-MTH

Date: October 31. 2000
Channel ¢ptions (Channel 2)

’ve: Channel ¢
quisition Rate (Hz): lhz
Detector Mode: Photo
Sample Gain: Auto
Reference Gain: Auto
Cell Potential: D
Invert Signals: No
Channel Subtractions: None
Subtract from channel: 1
Subtraction Name:
Peak window Start (s): =-10.000000
Peak window End (s): 10.00080000
Ignore Time (s): 30.000000
Baseline Lead Time (s): kO.000000
Baseline Lag Time (s): 1.20.000000
Peak Recognition:

Rise Seconds: 3.000000

Rise Slope (val/s): 200.000000

Fall Seconds: 3.000000

Fall Slope (val/s): 200.000000
Smoothing Parameters:

Mode: Savitzky Golay

Points: 5§

Iterations: 1

ak Mode: Height
ts: ppn

Final Units:

Conversion Factor: 1.000000
Carryover Correction: Disabled
Baseline Correction: Enabled

High Concentration limit: 1.100000
Low Concentration limit: 0.000000
Fitting Method: Lst Order

Include Origin: No

Logarithmic: No

Exclude OQutliers: No







Method Settings Dump: C:\FLOW_4\OITEST1.MTH
Date: October 31, 2000

Baseline verification: Disabled
Interval: 10
tart Position: 10
uration: 1
Default vial Type: 1
Run speed (0 - 100%): 50
Slow speed (0 - 100%): 10
Action on CCV or Drift fail: Flag Only
&FEnable Autodilution: No
CC&V Frequency: 10
sNumber of Followers: 2
&Dilution Factors:







Sample Table-— sample.tbl

File name: C:\FLOW_4\SAMPLE.TBL
Date: October 31, 2000

Cup Name Type R Dil Wt Vial
4 Sync SYNC 1 1 1
0 Carryover co 2 1 1
0 Baseline RB 1 1 1
1 Cal 0.00 ppm c 3 1 1
2 Cal 0.01 ppm C 3 1 1
3 Cal 0.10 ppm C 3 1 1
4 Cal 0.50 ppm C 3 1 1
5 Cal 1.00 ppm c 3 1 1
6 Cal 5.00 ppm C 3 1 1
0 Blank BLNK 2 1 1
7 ICV ICV 1 1 1
0 Read Baseline RB 2 1 1
8 Sample 1 U 2 1 1
9 Sample 2 U 2 1 1

10 Sample 3 U 2 1 1
11 Sample 4 U 2 1 1
12 Sample 5 U 2 1 1
0 Blank BLNK 2 1 1
4 CCV CCV 1 1 1
0 Read Baseline RB 2 1 1
13 Sample 6 U 2 1 1
14 Sample 7 U 2 1 1
14 Sample 8 U 2 1 1
16 Sample 9 U 2 1 1
17 Sample 10 U 2 1 1
0 Blank BLNK 2 1 1
4 CCV CCV 1 1 1
0 Read Baseline RB 2 1 1

Cup Name Comment

Sync

Carryover

Baseline

Cal 0.00 ppm

Cal 0.01 ppm

Cal 0.10 ppm

Cal 0.50 ppm

Cal 1.00 ppm

Cal 5.00 ppm
k

ICV

Read Baseline
Sample
Sample
Sample
Sample
Sample
Blank

QOooOoOJoOaud WO OoOD
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Cup Name Comment

4 CCV
0 Read Baseline
13 Sample &
14 Sample 7
14 Sample &
1Lk Sample 9
17 Sample 10
0 Blank
4 CCv
0 Read Baseline
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TKN, USEPA by SFA

—

O-FAnalytical S8 Methodology

1.0

1.1

Total Kjeldahl Nitrogen (TKN), USEPA by -
Segemented Flow Analysis (SFA)

(Cartridge Part #4002597)

Scope and Application

‘This method is used for the determination of Total Kjcldahl Nitrogen (TKN) in drinking, surfacc, and
saline waters; as well as domestic and industrial wastes according to USETA Method 351.2 (Refer-
encels.4). During the digestion, amino acids, protcins, peptides and other nitrogen compounds of
biological origin are converted to ammonium sulfate, Nitrogenous compounds of some industrial
wastes such as amines, nitro compounds, hydrazones, oximes, semicarbazones, and some tertiary
amines may nol be converted.

12 The Method Detection Limit (MDL) of this method is 0.2 mg/L TKN. The applicable rangc of this
method is 0.1-20 mg/L TKN. The range may be extended to analyze higher concentrations.by sample
dilution. '

2.0 Summary of Mcthod

2.1 The sample is digested prior to analysis by heating in the presence ol sulfuric acid, potassium sulfate
and mercury catalyst to a final temperaturc of 380°C. Free ammonia and organic nitrogen compounds
are converted to ammonium sulfate under the conditions of this digestion.

27 The ammonium is then reacted with salicylate and hypochlorite in a buffered alkaline solution i the
presence of sodium nitroferricyanide (pH 12.813) to (orm the salicylic acid analog of indophenol blue.
The biue-green color produccd is maasured at 660 nm (Reference 15.4).

2.3 A general flow diagram of the SFA system is shown below (sce Scetion 17.0 for a detailed flow dia-
gram). ;

N‘«‘
To Waste 37° C l Bulfer
‘ Sample
Salicylate
Hypaehlorite
Part #3943 Flow Solution TV
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-

3.0 Definitions : .
Definitions for terms uscd in this method are provided in Section 16.0, “Glogsary of Definitions and Pur-
poses.”

4.0 Contamination and Interfecences

4.1 Precipitation of calcium and magnesium hydroxides is eliminated by potassium sodium tartrate in the
working buffer.

42 Digestates that arc turbid must be filtered or contrifuged prior to determination

43 Digestates with background absorbance at the analytical wavelength may interferc with anglysis.

5.0 Safety

51 The toxicily or carcinogenicity of cach compound or reagent used in this method has not been fully
established. Gach chemical should be treated as a potential health hazard. Exposure to these chemicals
should be reduced to the lowest possible level.

5.2  Tor reference purposes, a file of Material Safety Data Sheets (MSDS) for cach chemical uscd in this
method should be available to all personncl involved in this chemical analysis. The prepartation of a
formal safety plan is also advisable. ‘

$3  The following chemicals used in this method may be highly toxic or hazardous and ghould be handled
with extreme caution at all times. Consult the approprialc MSDS before handling.

531 Ammonium Sulfate (NH,),SO,)
5.3.2 Chloroform (CHCl)
533 Potassium Sodium Tartrate, tetrahydrate (KNaC,H,04H,0)
S3.4 Potassium Sulfate (K,SO,)
535 Red Mercuric Oxide (HgO)
536 Sodium Hydroxide (NaOH)
537 Sodium Hypochlorite, 3.25% solution (NaOCl, household hlcach)
538 Sodium Nitroferricyanide. dihydrate (Na,Fe( CN),NO-2H.0)
5.3.9  Sodium Phosphate, dibasic (NuzllPOM‘)
5.3.10 Sodium Salicylate (NaC,FLO.)
Pt #319434 Flow Solution 1V
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5.6

6.0

6.1

6.2

7.0

7.1

@043

TKN, USEPA by SFA

5.3.11 Sulfuric Acid, concentrated (H,30,)

Unknown samples may be potentially hazardous and should be handled with extreme caution at all
limes.

Proper personal protective cquipment (PPE) should be used when handling or working in thc présence
of chemicals. o

This method does not address all safety issues associated with its use. The laboratory is responsible for
maintaining a safe work environment and a Current awareness file of OSHA. regulations regarding the
safe handling of the chemicals specified in this method.

Apparatus, Equipment, and Supplies

Segmented Flow Analysis (SFA) System (O1 Analytical Flow Solution TV) consisting of the following:
6.1.1 Model 502 Multichannel Peristaltic Pump

6.1.2 Random Acccss (RA) Autosampler

6.1.3 Expanded Range (ER) Photometric Detector with S-mm path fength flowcell and 660-nm
optical filler

6.1.4 Data Acquisition System (PC or Notchook PC) with WinFLOW™ software

61.5 Ammonia Nitrogerw/ TKN, USEPA Cartridge (OI Analytical Part #A002597)

Sampling cquipment . - Sample bottlc. amber glass, with polytetrafluoroethylens (PTFE)-lined cap.
Clean by washing with detergent and water, rinsing with two aliquots of reagent walcr, and drying by
baking at 110°-150°C for a minimum of one hour.

Standard laboratory equipment including volumetric flasks, pipettes, syringes, ctc. should all be
cleaned, rinsed and dried per botde clcaning procedure in Section 6.2. T
Reagents and Calibrants

Raw Malerials

7.1.1 Ammonium Sulfate (NH,),50,)

7.12  Rrij-35%, 30% solution (O] Analytical Part #A21-0110-33)

713  Chloroform (CHCL,)

714 Deionized Water, ammonia-frec (ASTM Type | or 1)

71.5 Potassium Sodium Tartralc, tetrahydrate (KNaC H 4()6-41-{20)

Part #119434 Flow Solution IV
Publication 14920500 3







~10/31/00 TUE 10:07 FAX 409 690 7155 01 TECH SUPPORT ' e lgo44
TKN, ‘E}S'E.PXA)L.S‘FA
} . 7.1.6  Potassium Sulfate (K, SO,)
717 Red Mercuric Oxide (HgO)
7.1.8 Sodium Hydroxide (NaOH)
719  Sodium Hypochlorite, 5.25% solution (NaQC, household bleach)
71.10 Sodium Nitrolerricyanide, dihydrate (Na,Fe(CN) NO-2H,0)
7.1.11 Sodium Phosphate, dibasic (Na,HPO,)
7.1.12 Sodium Salicylate (NaC,H.0.)
7 1.12 Sulfuric Acid, concentrated (H,80,)

7.1.13 Teflon® or glass boiling stones. Chemware TFE stones (Tctlon) arc available from Markson
Science, Inc., Phocnix, Arizona.

7.2 Reagent Preparation
Note: For hest results, filter and degas all reagents prior to usc.
Note: All reagents need Lo be made with ammonia-free deionized water. Ammonia-free water can be
. prepared by passing distilled water through a mixtre of strongly acidic catton and strongly
basic anion exchange resins (Reference 15.4). IR
7.2.1 Reagent Water

7.2.1.1 Degassed and deionized reagent water can be prepared in one of the following manners:

72 1.1.1 Place distilled/deionized water under a strong vacuum for 15-20 minutes,
Magnetic stifring or sonification will aid in the degassing process.

7.2.1.1.2 Purge water with a stream of nitrogen gas (or other inert gas) through a
glass frit for approximately 3 minutes.

72.1.1.3 Boil distilled/deionized water in an Erlenmeyer {lagk for 15-20 minutes.
Remove the flask from the heat source, cover it with an inverted beaker, and
allow it to cool to room Cmperature. oo

7.2.1.2  After preparation of degassed reagent Water, protect it from re-absomtion of atmo-
spheric gases by storing itina tightly sealed container. For best results, store de-
gassed reagent water under a slight vacuum when not in use.

7.2.2  Digestion Reagents

Note:  For best results, filter all reagents prior to use.

Fart #319434 Flow Solution IV
Publication (4920500 4
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7.222

7.2.2.3
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Sulfuric Acid, 1:5 (50 mL) -~ Carefully add 10 mL sulfuric acid 10 approximately
40 ml. of deionized water while stirting. -

Caution: The mixing of sulfuric acid with watcr releases 4 great amount of heat.

Mercuric Sulfate (100 mL) |

7.2.2.2.1 Dissolve & g of red mcreuric axide in 80 mL 1:5 H2504 (Section 7.2.2.1).

7297 Dilute to 100 mL with deionized water in a volumetric flask and mix well.
Warning: Mecreury compounds are highly toxic.

Digestion Solution (1 L)

7.2.2.3.1 Carefully add 200 mL of sulfuric acid to about 800 mL of deioﬁri_zed“water.

72232 Add 133 g of potassium sulfate and stir to dissolve.

72.2.3.3 Add 25 mL of mercuric sulfaic solution (Section 7.2.2.2) and allow to cool.

72234 Transfer the mixture to a 1-L volumetric flask, difute to 1,000 mL with
deionized water, and mix well.

Cautioin: The mixing of sulfuric acid with water releases a great
amount of heat. ‘

7.2.3  Colorimetric Ahalysis Reagents

Note:

7.2.3.1

For best results, filier all reagents prior to use.
Sodium Hydroxide, [0 N (250 mL)

72.3.1.1 While continuously stirring, cautiously add 100 g of sodium hydroxide to
approximately 175 ml. of dcionized water in a 250-ml. volumetric flask.

72312 When the solution is cool, dilute to 250 mL with deionized water and mix
well.

7.2.3.1.3 Store tightly capped i a plastic container. Storage is limited to onc month.

Caution: The dissolution of sactium hydroxide in water releases 4
great amount of heat.

Stock Potassium Sodium Tarteate Solution (1 L)

7232.1 Dissolve 200 g of potassium sodium tartrate in approximately- 800 mL ol
deionized watcr in a 1-L volumetric flask.

P'urt #319404
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72.3.2.2 Dilute the solution to 1,000 mL with detonized water and mix well.
Stock Bulfer, Sodium Phosphate, dibasic (1 L)

7.23.3.1 Dissolve 134 gof sodium phosphate, dibasic in approximately 800 mL of
deionized water in a 1-L volumetric flask.

72332 Add S0 mL of 10 N sodium hydroxide and dilute the solution 161,000 mL
with deionized water and mix well,

Working Buffer (1 L)

volumnetric Mask.
79.3.4.2 While stirring, add 250 mL of stock potassium sodium tartrate.
7.2.3.4.3 Continuc stirring and slowly add 60 mL of 10 N sodium hydroxide.
7 2.3.4.4 Dilute the solution to 1,000 mL with deionized water and mix well.

72.3.4.5 Tilter the solution. Add 0.5 mL of Brij-35, 30% and mix gently to pn.w_nl
fbaming.

7.2.3.4.6 Prepare the working bufTer daily.
Salicylate/Nitroferricyanide Sojution (500 mL)

7.2.3.5.1 Dissolve 150 g of sodium salicylate and 0.3 g of sodium nitroferricyanide in
approximately 300 mL of deionized water.

72.3.5.2 Filter the solution through fast filier paper into a 500-mlL. volumetric flask.
7.23.53 Dilute the solution to 500 mi. with deionized water and mix well.
723.3.5.4 Store the solution in a dark bottle,
Sodium Hypochlorite (200 mL)

7236.1 Add )2 mL of sodiwn hypochlorite solution to approximately: (50 mL of
deionized water in a 200-mL volumetric flask.

7.2.3.6.2 Dilute the solution 10 200 mL with deionizcd water and mix well,
7.23.6.3 Place the hypochlorite solution in an amber bottlc.

7.2.4.6.4 Prepare the sodium hypochlorite reagent daily.

Purt #319434
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. 9237 Sampler Wash, 4% H,80, (2 L) L
7.2.3.7.1 Carcfully add 80 mL of salfuric acid with stirring to approximately
1,800 mL ol deionized water in a 2-L volumetric flask.
7.2.3.7.2 Cool the solution and dilute to 2,000 mL with deionized water and mix
well.
Caution: The mixing of sulfuric acid with water releases a great
amount of heat. '
Note: IT the ucid content of the digestates is diffcrent than 4%,
prepare the sampler wash at that concentration,
7.2.3.8 Start-up Solution (500 mL)—Add 1.0 mL Brij-35., 30%, to 500 mL deionized water
and mix gently, o
) 7.3 Calibrants
7.3.1  Stock 1,000 mg/L Ammonia Nitrogen (1 L)
7.3.1.1 Dissolve 4.717 g of dry ammonium sulfate in approximately 800 mL of deionized
watcr in a 1-L volumetric flask.
. 7.3.12 Dilute the solution to 1,000 mL with deionized water.
%3.1.3 Preserve the stock calibrant with two drops of chloroform and refrigerate at approxi-
mately 4°C. ‘
7.3.2  Intermediate Calibrant 100 mg/L Ammonia Nitrogen (100 mL)
7.3.2.1  Usc a volumetric pipette to add 10 mL of stock calibrant to approximatcly 80 mL of
deionized water contaned in @ 100-ml. volumetric flask.
7.3.2.2 Dilutc the solution to 100 mL with deionized water and mix well.
7.3.2.3 Prepare the intermediate calibrant fresh daily.
\ 7.3.3  Working Calibrants (100 mL)

733.1 Add the designated volumes of stock calibrant (sce Equation 1), to the required
number of 100-mL volumetric flasks that cach contain approximately 80 mL. of
deionized water,

73372 Dilute each solution to the mark with deionized water and mix well.

Part #319434 Flow Solution IV
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EQUATION |
cV,=CV,

where:
Y

C, = desired concentration (in mg/L) of working calibrant to be prepared

V = final volume (in mL) of working calibrant to be prepared (generally 100 ml)
C, = concentration (in mg/l) of stock (or intermediate) calibrant

\/7 = volume (in mL) of stock (or intermediate) calibrant to be used

By solving this equation [or the volume of stock solution to be used (/) the following equation is
obtained:

Since the desired concentration (C)), the final volume (7)), and the concentration of the stock solution
(C,) are all known (or any given cahbnnt concentration in a defined volumé, the volume of stock
solution 1o be used (V) is easily calculated.

. 734  Alternatcly, standard curves in the desired ranges can be derived from the table below:

. Part#3 19438 Flow Solution 1V
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. 8.0 Sample Collection, Handling, and Preservation :

8.1  Samples should be analyzed as soon as possible to reduce loss of analyte.

8.2 Samples may be preserved with 2 ml. of concentrated sulfuric acid per liter of sample and refrigerated
at 4°C.

8.3 The holding time for prescrved, undipested samples is 28 days (Referencee 15.5).

9.0 Quality Control

9.1 Each lnboratory that uses this method is required to opcrate a formal quality assurancé program (Refer-
ence 15.2). The minimum requirements of this program consist of ap initial demonstration of laboratory
capability and the periodic analysis of Laboratory Control Samples (LCSs) and Matrix Spike/Matrix

Spike Duplicates (M$/MSDs) as a continuing cheek on performance. Laboratory performance is

compared to established performance critetia to determine if the results of the analyses meet the

performance characteristics of the method.

9.1.1 The analyst shall make an initial demonstration of the ability to generate acceptable precision
and accuracy with this method. This ability is established as deseribed in Section 9.2,

9.1.2 In recognition of advances that are occurring in anatytical wehnology and to allow the analyst
to overcome samplc matrix interferences, the apalyst is permitied certain options to improve
performance or Jower the costs of measurcments. Alternate determinative techniqugs, such as

. the substitution of spcetroscopic or other techniques, and changes that degrade method perfor-
mance are not allowed. {f an analytical technique other than the techniques specified in this
method is used, that technique must have a specificity equal to or better than the spectficity of
the techniques in this method for the analyte(s) of interest. ‘

9121 Each time a modification is made to this method, the analyst is required to repcat the
procedure in Section 9.2. 1f the detection limit of tie method will be affected by the
change, the laboratory is required to demonstrate that the MDL is lower than onc-third
the regulatory compliance level or as low as or lower than that listed in Section 1.2. 11
calibration will be affected by the change, the analyst must recalibrate the mstrumenl
per Scetion 104

9.1.2.2 The laboratory is required to maintain rccords of modilications made to this-method.
These records include the information in this subsection, al 4 Tinimum,

\ 0.1.2.2.1 The names. titlcs, addresses, and telephone numbers of the ahalyst(s) who
performed the analyses and modification, and of the quality control oflicer
who witnessed and will verify the analyses and modification.

0127272 A narrative stating the rcason(s) for the modification.
. Parl #319434 Flow Solution IV
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9.1.2.2.3 Results from all quality control (QC) tests comparing the modiﬁcd method
to this method inclnding: L

a) .

b)

c)

d)

¢)

()

calibration (Section (0.4)

calibration verification (Section 9.5)

initial precision and recovery (Section 9.2.2)
analysis of blanks (Scction 9.4)

ongoing precision and recovery (Scction 9.6)

matrix spike and matrix spike duplicate (Section 9.3)

0.1.2.2.4 Data that will allow an independent reviewer to validate each determination
by tracing the instrument output (peak height, arca, or other signal) to the
final result, Thesc data are Lo include:

a)

)]
k)
D

m)

sample numbers and other identificrs
analysis dates and times
analysis sequence/run chronology

sarnple weight or volume

. sample volume prior to cach cleanup step, if applicable

sample volume after cach cleanup step, if applicable
final sumple volume prior to injection
injection volume

dilution data, differentiating between dilution of a sample or modified
sample

instrument and operating conditions

other operating conditions

detector

printcr tapes, disks, and other recording ot raw data

quantilation reporis, data system outputs, and other duta necessary 10
link raw data to the results reported ’

Purt #319434
Publication 11920500
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Analyses of MS/MSD samples are required to demonstrate method accuracy and precision and
(o monitor matrix interferences (interferences caused by the sample matrix). The procedure and
QC criteria for spiking are described in Scetion 9.3.

Analyses of laboratory rcagent blanks (LRBs) are required to demonstrate freedom from
contamination and that the compounds of interest and interfering compaounds have not been
carried over from a previous analysis. The procedures and critcria for analysis of an LRD are
described in Section 9.4, oo

The laboratory shall, on an ongoing basis, demonstrate through the analysis of the LCS that the
analytical system is in control. This procedure is described in Scction 9.6.

The laboratory should maintain records to deline the quality of data that is generated. Develop-
ment of accuracy statements is described in Sections 9.3.8 and 9.6.3.

Accompanying QC for the determination of TKN is required per analytical batch. An analytical
batch is  sct of samples analyzed at the same time to a maximum of 10 samples. Each analyti-
cal batch of 10 or fewer samples must be accompanied by a laboratory rcagent blank (LRDB,
Section 9.4), a laboratory control sample (LCS, Section 9.6), and a matrix spikc and matrix
spike duplicatc (MS/MSD, Section 9.3), resulling in a minimum of five analyses (1 sample, 1
LRB, [ 1.C8, 1 MS, and 1 MSD) and a maximum of 14 analyses (10 samples. | LRB, 1 L.CS, 1
MS, and 1 MSD) in the batch. If greater than 10 samples arc analyzed at one time, the samples
must be scparated into analytical batches of 10 or fewer samples.

9,2 Initial Demonsiration of Laboratory Capability

921

-9.2.2

Method Detection Limit (MDL) — To establish the ability to detect TKN at low levels, the
analyst shall determine the MDL per the proccdure in 40 CFR 136, Appendix B (Reference
15.1) using the apparatus, rcagents, and standards that will be used in the practice of this
method. An MDL Icss than or equal to the MDL Jisted in Section 1.2 must be achicved prior to
practice of this method.

Initial Precision and Recovery (IPR) - To establish the ability to gencrate ﬂt—t—bpmble precision
and accuracy, the analyst shall perform the following operations:

9.2.2.1 Analyze four samples of the LCS (Scction 9.6) according to the procedurg beginning
in Scetion 10.0. :

9.2.2.2  Using the results of the set of the four analyses, compute the average pelcent TCCOVCTY
(x) and the standard deviation of the percent recovery (s) for TKN. Use Equation 2 for
the cateulation of the standard deviation of the percent recovery(s).

151 5319834
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EQUATION 2

¥ x%- !ZX_)Z

S -
\
n-1

Where:

& = Standard deviation e

n = Number of sumples '

x = Percent recovery in each sample

9.2.2.3 Compare 5 and x with the precision and percent recovery acceptance criteria specificd

in Section 13.0. I the value of s exceeds the precision limit or the value of x falls
outside the range for recovery, system performance is unacceptable and the problem
must be tound and corrected before analysis may continue.

9.3 Matrix Spike/Matrix Spike Duplicatc (MS/MSD) -— The laboratory shall spike, in duplicate, a mini-
mum of 10 percent of all samples (one sample in duplicate in cach batch of ten samples) from a given
sampling sitc.

. 9.3.1  The concentration of the spike in the sample shall be determined as follows:

9.3.1.1 If, as in compliance monitoring, the concentration of TKN in the sample is being
checked apainst a regulatory concentration limit, the spiking level shall be at that limit
) or at onc 1o five times higher than the background concentration of the sample (deter-
mined in Section 9.3.2), whichever concentration is higher.

90.3.12 Ifthe concentration of TKN in a samplc is not being checked against a limit, the spike
shall be at the concentration of the 1.CS or at least four times greater than the MDL.

9.3.2  Analyzc onc sample aliquot out of each set of 10 samples from cach site or discharge according
1o the procedure beginning in Section 10.0 to determine the background concentration of TKN.

9.3.2.1 Spike this sample with the amount of TKN stock solution (Section 7.3.1) 4o produce
an TKN concentration in the samplc of 5 mg/L. IT nccessary, prepare another stock
solution appropriate to produce a concentration level in the sample at the regulatory
compliance limit or a1 one to five times the background concentration of TKN (Sec-
tion 9.3.1).

9.3.2.2 Spike two additional sample aliquots with the spiking solution and analyz¢ these
aliquots to determine the concentration after spiking.

933 Calculate the percent recovery of TKN in each aliquot using Equation 3.

\ Dacl 4319434 Flow Solution IV
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EQUATION 3

P= 4A4-B x 100
_"'T
Where: .
P = Percent recovery
A = Measured concentration of TKN after spiking (Section 9.3.2.2)
B = Measured background concentration of TKN (Section 9.3.2)
T = True concentration of the spike

934 Compare the recovery to the QC acceptance criteria in Section 13.0. If pereent tecovery is
outside of the acccptance criteria, and the recovery of the LCS in the ongoing precision and
recovery test (Scction 9.6) [or the analytical bateh is within the acceptance criteria, an interfer-
ence is present. In this case, the result may not be reported for regulatory compliance purposes.

9135  Tf the results of both the MS/MSD and the LCS test fail the acceptance criteria, the analytical
system is judged to be out of control. [n this case, the problem shall be identified and corrected,
and the analytical batch must be reanalyzed.

. 93.6 Compute the relative percent difference (RPD) between the two spiked sample results (Section
9.3.2.2, not between the two percent recoverics) using Equation 4.

EQUATION 4

RPD = [[D!mu,/ x 100

(D, +D)72

Where:

RPD = Relative percent difference

D, = Concenrration of TKN in the spiked yample

1D, = Concentration of TKN in the spiked duplicate sample

9.3.7 [fthe RPD is greater than 10%, the analytical system is judged to be out of controt, and the
problem must be immediately identified and corrected. The analytical batch must be reana-
lyzed. .

Pt 4319434 Flow Solution IV
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. 9.3.8  As part of the QC program for the laboratory, method precision and accuracy for samples
should be assessed and records shoufd be maintained. After the analysis of five spiked samples
in which the recovery passes the test in Scction 9.3.4, compute the average percent recovery
() and the standard deviation of the pereent recavery (s,). Express the accuracy asscssment ag
a percent recovery interval from P -2s ta P, + 25 For example, if = 90% and s, = 10% for
five analyses, the uccuracy interval is expressed as 70-110%. Update the accuracy asscssment
on a regular basis (¢.g., after each five to ten new accuracy measurements). ‘

)

9.4 Laboratory Reagent Blanks (LRB) — Laboratory reagent blanks arc analyzed to demonstrate freedom
from CODtZIl'DiD?lti()n. ‘

94.1 Analyze an LRB initially (i.e., with the tests in Section 9.2) and with cach analytical batch. The
LRB must be subjected to the exact same procedural steps as a sample.

942 If TKN is detected in the LRB at a concentration greater than the ML, analysis of samples is
halted until the source of contamination is eliminated and consequent analysis of another LRB
shows no evidence of contamination. :

9.5 Calibration Verification — Verify calibration of the analytical equipment before and after each analyti-
cal batch of 14 or fewer measurements. (The 14 measurements will normally be 10 samples, 1 LRB, |
LCS, | MS, and 1 MSD). This can be accomplished by amalyzing the mid-range calibration staridard
and verifying that it is within the QC acceptance eriteria for recovery in Scction 13.0. (The concentra-
tion of the calibration verification depends on the calibration range being uscd.) Failure to attain
recoveries within the acceptance criteria requires recalibration of the analytical system (Section 10.4).

. 9.6 Laboratory Control Sample (LCS) — To demonsirate that the analyticsl system is in control and
acceplable precision and accuracy is being maintsined with each analytical batch, the analyst shall
perform the following operations:

3 9.6.0  Analyze an LCS with cach analytical batch according to the procedure in Seetion 10.0.

9.62  Tf the precision and recovery for the LCS are within the acceptance criteria specified in Scction
13.0, analysis of the batch may continuc. If, however, the concentration is not within this range,
the analytical process is not in control, In this event, correct the problem, repeatthe LCS test,
and reanalyze the batch. o

9.6.3 The laboratory should add results that pass the specification in Section 9.6.2 1o TPR and previ-
ous LCS data and update QC charts to form a graphic representation of continued laboratory
performance. The laboratory should also develop a statement of lahoratory data quality for
TKN by calculating the average percent recovery (R) and the standlard deviation of the percent
recovery (s ). Express the accuracy as a recovery interval from R — 2s_to R + 25 . For cxample,
If R = 95% and s_= 5%, the accuracy is 85% to 105%.

97 Refercnce Samplc — To demonstrate that the analytical system is in control, the laboratory may wish
to periodically test an ¢xicrnal reference sample, such as a Standard Reference Material (SRM) avail-
able from the National Lnstitutes of Standards and Technology (NIST). Corrective action should be
taken if the measured concentration significantly differs from the stated concentration.

. Faiu #3144 Flow Solution IV
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. 10.0 Calibration and Standardization
10.1 Instrument Configuration

10.1.1 Configure the Ol Analytical Flow Solution IV Analyzer according to the Operator’s Manual
and verify that cach module is properly powered on.

10.1.2 Verify that the Ammonia Nitrogen/TKN, USEPA Cartridge (OI Analytical Part #A002597) is
configurcd as illustrated in the flow diagram illusteated in Section 17.0.

10.1.3 Conncet the appropriate pump tubcs to the cartridge and to their.appropriate rcagent containers
according to the flow diagram.

10.2 Instrument Stabilization

10.2.1 Connect the bufficr and colot reagent pump tubes 10 a reagent bottle containing the start-up
solution (Section 7.2.3.8). Stast the pump at 40% speed, allowing the start-up solution to flow
through the entire system.

10.2.2 Make surc that the floweell of cach detector is purged of all bubbles and the flow 15 stable and
» free from surging.

10.2.3 Once a stable flow is achieved, connect the reagent pump tubes to their appropriatc rcagent
bottles. Allow these reagents to flow through the cntire system, then, once again, verify that the
flowcell of cach deteetor is purged of all bubbles. ‘

. 10.3 Baseline Verification

10.3.1 Create and save a Method in WinFLOW. Refer to the WinFLOW Operator’s Manual (Reference
15.6) for hclp on creating a Method.

10.3.2 Creatc and save a Sample Table in WinFLOW that will be used to generatc a cahibration curve
using at least three calibrants that cover the full range of expected TKN concentrations in the
samples to be analyzed. This Sample Table should also be used to analyze all neecssary QC
samples as well as the analylical batch of samples Lo be analyzed. For help on creating a
Sample Table, refer to the WinFLOW Operator’s Mapual (Reference 15.6).

10.3.3  Select Colleet Data in the WinFLOW main window, enter the user’s identification, select the
appropriatec Method and Sample Table, and begin to collect bascline data. Verify that the
bascline does not drift and is free from large fluctuations. Very sharp fluctuations in the
baseline and/or consistent drifting are typically signs of bubbles in the floweeil. The floweell
must be free of bubbles prior 1o beginning analysis. ' '

10.4 Calibration and Standardization

10.4.1 Prepare 4 scrics of at least three working calibranis using the ammonia stock. solutions (Section
7.3.1) according to Equation 1, covering the desired analysis range.

Pt #319434 Flow Solution 1V
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. 10.4.2 Place the calibrants in the autosampler in order of deereasing concentration and 'a,ﬁa'lﬁc cach
calibrant according to Scetion 11.0. A calibration curve will be calculated by the WinFLOW
softwarc. -

10.4.3 Acceptance or control limits for the calibration results should be established using the differ-
ence between the measured value of each calibrant and the corresponding “true™ concentration.

3 10.4.4 Each calibration curve should be verificd by analysis of a Laboratory Control Sample (LCS,
Scetion 9.6). Using WinFLOW software, calibration, verification, and sample analysis may be
performed in one continuous analysis,

11.0 Procedure
11.l Digestion
11.1.1 Blanks, calibrants, samples, QC samples
Note: The final diluted volume after digestion will be 25 mL.
11.1.1.1 For blanks, add 25 mL of deionized water to each tube.
11.1.1.2 For calibrants, pipet the appropriate amount of stock or intermediate calibrant to each

tubc and rinse it down the side well with deionized water to an approximate total
volume of 25 mL. Usc adjustable microliter pipets or class A volumetric pipets. Mix

‘ well.

11.1.1.3 For samples, add exactly 25 mL to the tube and mix well. If samples are known 1o be
out of range, smaller volumes can be used and the result multiplicd by the appropriate
\ dilution factor. o

11.1.1.3.1 For example, it 10 mL of sumple s digested. After digestion and. analysis,
multiply the result by 2.5,

11.1.1.3.2 For example, if 5 mL of sample is digested. After digestion and analysis,
multiply the result by 5.

11.1.1.4 For QC samples, prepare the sample according to its instructions and add cxactly 25
mL to the tube. Mix well,

11.1.2 Add 5 mL of digestion reagent (Section 7.2.2.3) to each tube and mix all tubes well.

Note: The 5 mL of digestion reagent should be measured accurately to help ensure
uniform acid content. te

11.1.3  Add 4 -6 glass or Tcflon boiling stones to cach tube.

Caufion: Too many stones will cause the sample to boil over.

. Part #319434 Flow Solution IV
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. 11.1.4 Place the tubes in the block digestor and set the temperature for 160°C. Allow the volume to be
reduced to about § mL in cach tube (approximately | hour).

11.15 TIncrease the temperature to 380°C for 2 1/2 hours. When the digestion is complete, the final
volume will be about 2--3 mL., and the liquid will be clear or straw colored.

Caution: The purpose of this evaporation step is to reduce the volume of liquid 1 the tube
before increasing the temperaturc for digestion. If during the di geskion, any
amount of liquid boils out of a tube, the result will be n error.

Note: If an exhaust system or scrubber is placed on top of the digestion tubes during
the digestion, care must be taken not (o draw off significant amounts of the
fumes during the high temperature stage, Variable acid concentrations may
result. The digestion can be carried out without an cxhaust system if the diges-
lion apparatus is placed in a properly operating fumc hood.

11.1.6 Remove the tubes from the block and allow to cool. It is preferable not to allow the digestate to
crystallize while cooling. A few milliliters of ammonia-free water can be added and mixed with
the digest after cooling the tubes for a few minutes to prevent the crystallization.

Caution: If the water is added too soon and the acid is sill 100 hot, the contents of the tube
may react vigorously and some material may be lost from the tubc, -

11.2.7 Dilute the digestate to 25 mL with deionized watet. The digestatcs must be accurately diluted to
4 known volume in a calibrated container. This is important to help ensurc a consistent acid
. content in the final solutions which will affect the accuracy of the measurcment. 1f the contents
of the tube arc transferred to a separate container dunng this step, ensurc that all of the
digestate is transferred.

Note: Use ammonia-free water for all dilutions,
11.2 Analysis

Note: Pay special attention to Sections 11.2.2 and 11.2.6 to avoid precipitation of the
salicylate reagent.

+

11.2.1 Sct up the cariridge as shown in the flow diagram in Scetion 17.0. Sct cartridize temperature to
37°C.

11.2.2 When starting up the cartridge, leave the salicylate line in deionized water while pumping all
other reagents for at least 5 minutes. Then put the salicylate fine in reagent. [f a precipitate
) forms after addition of the salicylate, it was added too soon or the pH of the stream is too fow.
Immediately stop the pump and flush the cartridge with water.

11.2.3 When the systemn has stabilized, load the sampler tray with calibrants, blanks, samples and QC
samples. .

11.2.4 Place all reagents on-line, Pump 5-10 minutes. Obtain a stable bascline at 660 nun and autozero
before the start of sample run. '

. Prm#319434
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Load the sampler tray with calibrants, blanky, samples, and QC samples. The matrix of the
working standards, blanks, and QC samples sbould match that of the sumples being analyzed.

Lising the Methad and Sample Table created for the analytical bateh to be analyzed and with
the bascline verified to be stable, begin the analysis by scleeting the “Fast Forward™ button on
the Tt side of the Data Analysis window in WinFLOW. This will initiate the sequential analy-
sis of samplcs as defined in the sample 1able.

Before shutting down the system, remove the salicylate line from reagent first and put it in
deionized water for at least five minutes. Then place the other lines in delonized water.
When analyzsis 1s complete, turn the pump “OFF?, release the tension on all pump tubes, and
power off the system,

I1.3 Operating Notes

11.3.1 ‘Variations in acid concentration from sample to sample ean ¢ause problems in the analysis of
the digests. Titrate several aliquots from difTcrent tubes (after difuting to volume) to determine
that a consistent acid content is being achicved.
11.3.1.1 If the acid content determined by titration is consistent, but different from the sampler

wash solution, remake the sampler wash solution to the same concentration,

11.3.1.2 Raise or lower the amount of NaOIT in the working buffer proportionately.

Note: It is possible that with some samples (¢.g. those high in organics; color etc.)
the final acid concentration may not end up as 4%. This 1s also true of
samples that are highly acidic or basic or contain substantial amounts of
carbonates or bicarbonates (alkalinity).

11.3.2 Problems can be isolated to cither the cartridge or the digestion by preparing undigested
calibrants in sampler wash solution and analyzing them according to the procedure in Sce-
tion 11.2.

11.3.3 1f digestates give an off-scale response during the analysis:
11.3.3.1 Dilute the digestate with blank solution having the same acid content before re-

analysis.

Note:  Use blank solution only. Do not dilute with watcr.

11.3.3.2 Multiply the result by the appropriate dilution factor. As cach sample source becomes
known, the proper sample amount can be used for digestion to cffectively dilute it. For

example, a sample becomes known to always need a factor of 10 dilution, 2.50 mL

can be pipetted to the digestion tube. (In this case, a few mL of water may also be

added to facilitate mixing if it has been determined that the water has no background.)

A final dilution to 25 mL will then be 2 10x dilwtion of the sample. Multiply the

analysis result by 10.

Pnrt 4314434
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If a stablc bascline on reagents cannot be achieved:

11.3.4.1 Filter the working reagents if not previously done. Make sure the rcabentcontaums
are free of any debris or other contamination.

11.3.4.2 Disconnect the debubbler from the flowcell by disconnccting the transmission tubing
from the debubbler. Use a syringe fitted with a union to flush the flowcell with strong
surfactant water followed by deionized water. Reconnect the debubbler.

11.3.43 Remove reagents fron the cartridge and flush surfactant walter through the cartridge
for about 10 minutes, Pump surfactant water through the lines and see if a stable
baseline is observed on surfactant walcr.

11.3.4.4 Clean the cartridge with | N HCL Remove the salicylate ine to deionized water for
five minutes before putting reagent lines in 1 N HCl to prevent precipitation in the
carlridge.

I{ poor peak shape or carryover is observed:

11.3.5.1 Check that proper sample and wish fimes are set on the sampler.

11.3.5.2 Verify that the bubbles from the sampler travel smoothly through the tubing to the
cartridge. If not, replace the pump tube and transmission. tubing.

11.3.5.3 Verify that the flow on the cartridge is smooth and consistent. Check for loose fittings.
11.3.5.4 Remuke all reagents, including stock reagents, Sodium hypochlorite must be fresh.

To prevent ammonia contamination from the air, segment the analytical stream with nitrogen or
draw air through a SN sulfuric acid solution. Add 35mL of conceéntrated H,80), to 200 mI. of
deionized walcr, and dilute to 250 mL with deionized water.

Caution: The mixing of sulfuric acid with water releases a great amount of heat.

Tf a high background or blank values are observed. carefully evaluate the source of watcr,
cleaning procedure for the digestion glassware, and laboratory environment.

If poor sengitivity and nonlinearity are present:

11.3.8.1 Check for excessive pump tube wear or a flow resteiction. Replace pump tubing and
verify that all lines are pumping freely.

11.3.8.2 Venify that the heatbath is on and the temperature is not set too low.
11.3.8.3 Deteriorated reagents or mismatched acid content of the dxgestates comipaged to the

sampler wash and the hydroxide in the buffer. It is important to match thc. dud content
of the digestates with that of the sampler wash.

11.3.9 The pH of the stream coming out of the flowcell should be approximately pH 13.

Part #119434
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11.3.9.1 Verify that the pH of the stream coming out of the flowecell is 13 hefore pumping the
salicylate reagent. '
11.3.9.1 If salicylate does precipitate, immediately turn oft the pump, disconnect the manifold
from the debubbler, and place all reagent lines in | N NaOH. Flush the air port (port
#3 on the manifold) with deionized water. Turn the pump on and flush the system for
at least 10 minutes or until all of the precipitate has been flushed from the system.
Ringe for five minutes with deionized water. Return the reagent lines, excbpr fér the
salicylate, to their bottles and continue as in Section 11,2.2.
11.3.10 If a problem is encountered with peak heights being shorter than expected. ensure that the
heater is at 37°C.
Data Analysis and Calculations

The calibration curve allows for accurate quantitation of the TKN concentration in each sample.

WinFLOW software reports the concentration of cach sample relative to the calibration curve.

Performance Specifications

0:1420.mg/L TKN- v+ )
mples/hr

1.0% RSD

” Méthod | Detection Limit;
- Percent Rec

Pollution Prevention and Waste Management

It is the laboratory’s responsibility to comply with all federal, state, and local regulations goverding
wastc management, particularly the hazardous waste identification rules and land-disposal restrictions.
In addition, it is the Jahoratory’s responsibility to protect air, water, and land resources by minimizing
and controlling all relcases from fume hoods and bench operations. Also, compliance is required with
any sewage discharge permits and regulations.

For further information on waste management, consult Less is Better: Lahoratory Chemical Manage-
ment for Waste Reduction, Section 13.6 (Reference 15.4).

ParC 3 134 Ilow Solution IV
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WinFLOW Software and Operator's Manual (Part #A002877). Available from O Anu[ym.al P.O. Box
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Glossary ol Delinitions and Purposcs

The definitions and purposes are speeific 10 this method but have been canformed to commen usage as much
as possible.

16.1 Units of weights and measures and their abbreviations
16.1.1 Symbeols
°C degrees Celsius
Y% percent
+ plus or minus
= greater than or equal to
16.1.2 Alphabetical characters
g gram
L liter
mg milligram
my/L milligram per liter
Ty microgram
pg/L microgram per liter
Part 319434 Flow Solution TV
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16.5

16.6

16.7

16.8
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mL milliliter

ppin paris per million
ppb parts per billion
M molar solution
N nofmal solution

Calibration Blank—A 100-mL volume of CO -[rcc reagent water analyced using the SFA procedure.

Calibration Standard (CAL)—A solution prepared from the dilution of stock standard solutions, A 100-
mL aliguot of cach of the CALs are subjected to the analysis procedure. The resulting observations are
used to calibrate the instrument response with respect to the analytc concentration,

Initial Precision and Recovery (1IPR)-- Four aliquots of the 1.RB spiked with the analytes of interest and
used to cstablish the ability to generate acceptable precision and accuracy, An IPR is perforimed the first
time this method is uscd and any time the method or instrumentation is modificd.

Laboratory Control Sample (LCS)-~An aliquot of LRB to which a quantity of the analyte of interest is
added in the laboratory, The LCS is analyzed like a sample, Its purpose is to determine whether the
methodology is in control and whether the laboratory is capable of making sccurale and precise mea-
surcments. '

Laboratory Reagent Blank (LRB)—An aliquot of reagent water and other blank matrix that is treated
like a sample, including exposure to all glassware, equipment, and reagents that are used with other
samples. The LRB is used to determine if the method analyte or other interferences arc present in the
laboratory cnvironment, reagents, or apparatus.

Matrix Spike/Matrix $pike Duplicate (MS/MSD)--An aliquot of an cnvironmental sample to which a
quantily of the method analyte is added in the laboratory. The MS/MSD is anulyzed like a sample. Tts
purpose is to determine whether the sample matrix contributes bias to the analytical results. The
background concentration of the analyte in the sample matrix must be defermined in a separate aliquot,
and the measured values in the MS/MSD must be corrected for the back grountd concentration.

Minimum Level (ML)—The level at which the entire analytical system will give a recognizable signal
and acceptable calibration point, taking into account method-specific sample and injection volumes.

Ongoing Precision and Recovery (OPR)—See Section 16.4, “Laboratory Control Sample.”

Tart 1319434 Flow Solution TV
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Results wers abtained vnder optimal operating conditions.  Actual
results may vary depending on sample introduction, ¢leanlinesz of
sumple containers, reagent purity, operator skill, and maintenance of
instruments,

1
. _-
Brij is a registered trudemirk of ICT Americas. O'l'Analytlca] -ll-

Teflon is a registered trademark of B du Pont de Nemours. —{
WinlPLLOW is a wrademark of QF Analytizal. PO, Box 9010
Collogo Stalion, Tecaa 77542-9010

& Copyright 2000, O Analytical, College Station, TX. Tek: (979) 690-1711 - FAX: (379) 650-0440
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® O-l-Analytical §§ Methbdology

%

Nitrate plus Nitrite Nitrogen and Nitrite Nitrogen, USEPA
by Segmented Flow Analysis (SFA)
or Flow Injection Analysis (FTA)

(Cartridge Part #A002670)

1.0 Scope and Application

1.1 This method is used 1o determine the concentration of nitrate (NO),") plus nitrite (NO,") or nitrite singly
in drinking, ground, and surface waters, as well as domestic and industrial wastes according to USEPA
Methed 353.2 (Reference 15.5).

1.2 The Method Detection Limit (MDL) for this method is 1.0 pg/l. (ppb), and the Minimum Level (ML) 1s
5.0 ug/L (ppb). The dynamic range of this method s 5.0 pg/l. (ppb) to £0.0 mg/L (ppm) nitrate plus
nitrite and nitrite nitrogen. The range may be exiended above 10.0 mg/L by applying a higher order
calibration curve fit or by sample dilution prior to analysis,

. 1.3 This method is for use by analysts experienced with segmented flow analysis (SFA) and/or flow
injcction analysis (FIA) equipment or under close supervision of such gualilicd persons.

14 The laboratory is permitted 1o modify this mcthod to overcome interferences or to lower the cost of
measurements provided that all performance criteria in this method are met, Requirements for cytab-
lishing method cquivalency are given in Section 9.1.2.

2.0 Summary of Method

Note: This methodalogy is designed specifically for SFA; however, it may be used for FIA. Refer to
Scetion 18.0 for specific instructions on running F1A.

2.1  Nilrate is reduced quantitatively o nitritc by cadmium metal. Nydahl (Reference 15.8) provides a good
discussion of nitrate reduction by cadmivm metal. The nitrite thus formed, in addition to any nitrite
originally present in the samplc, is colorimetrically detected as a highly colored azo dyc at 540 nm
following its diazotization with sulfanilamide and subsequent coupling with N-1-naphthylethyl-
enediamine dihydrochloride (Reference 15.11). A calibration curve allows for accurate quantitation of
the detected nitrite.

(]
(08

Nitrite singly may be measured by performing the same analysis mentioned in Section 2.1 without the
cadmium reduction. Without the cadmium, pitrate is not redueed to nitrite, and, therefore, nitrate 18 not
detected since only nitrite forms the azo dye.

. Tart £319437 Flow Solution 1V

Pehlication 14900500 : 1







10/31/00 TUE 09:48 FAX 409 690 7155 01 TECH SUPPORT . 003

Nitrate+Nitrite and Nitrite, USEPA by SEA or FIA

2.3 Both nitrate and nitrite may be measurcd simultancously by using a two-channel flow analyZer. One
channel is used to mecasure nitrate plus nitrite (Scetion 2.1), while the sccond channel is uged o mea-
sure nitrite only (Section 2.2), Using Win¥LOW™ software, the results of the nitritc analysis may be
subtracted from the results of the nitrate plus nitrite analysis, thus providing quantitative nitrate results,

2.4 A peneral flow diagram of the SFA system used 12 development of this method is shown below:

Sample

Cadmium ‘ Nitrogen
Buffer

C
To Waste @ o) olor Reagent

2.5 Alternately, a TIA systera may be used as detailed in Scction 18.0. A general low diagram is shown
below:

Sample

DI Water

Gadmium
Buffer

To Waste @ .))’, Color Reage.nf

2.6 For additional reference, Patton (Reference 15.9) and Fox (Reference {5.2) provide discussions of the
mechanisms and kinetics of the color forming reactions used in this method.

3.0 Delinitions

Definitions for terms used in this method are provided in Section 16.0), “Glossary of Definitions and Pur-
poses.”

4.0 Contamination and Interferences

4.1 Turbid samplcs may interfere with the photometric detector’s ability to measure the true absorbance of
the samplc. Turbid samples should be filtered prior to analysis to reduce the possibility of such bias.

Part 319437 Flow Solution 1V
Publigufion 14900500
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. 472 Tron, copper, and other metals may interfere with the accurate analysis of nitrate and nitrite by binding
with the nitrate and/or nitrite in the sample, thus blocking the color formation reaction, Ethylene
diaminctetraacetic acid (EDTA) is used in the bufler solution to eliminate this interference.

43  Samples with 2 pH that are outside the functional range of the ammonium chloride butfer used in this
method may affect the results obtained from this method. Such samples should be adjusted within a pH
range of 5 to 9 using either concentrated hydrochloric acid (HCI) or ammonium hydroxide (NH,OH).

44 Oil and greasc will coat the cadmium surface, thus reducing its reduction efficiency. Therefore, samples
containing large concentrations of oil and grease must be extracted with an appropriate organic solvent
(Reference 15.5).

4.5 Sulfide in the presence of cadmivm will form cadmiwm sulfide (CdS$) which will precipitate from
solution. Samples containing sulfide cannot be determined by this method without first removing the
sulfide by precipitation with cadmum salts (Referencee 15.10),

4.6 Chlorine may reduce the reduction eflicicncy of the cadmium.reactor. Samples that may contain
residnal chlorine should be tested for reduction cfficiency through the analysis of Matrix Spike/Matrix
Spike Duplicalc (MS/MSD) samples (Section 9.3). When nccessary, dechlorinate samples with sodium
thiosulfate (Na,$,0,).

47 Method interferences may be caused by contaminants in the reagents, reagent water, glassware, cte.,
which may bias the results. Care should be aken 1o keep all such items free of contaminants. -

4% Norwitz and Keliher (References 15.6 and 15,7) have compiled a comprehensive study of interferences
. in the spectrophotometric analysis of nitrite.
5.0 Safety
5.1 The toxicity or carcinogenicity of each compound or reagent used in this method has not been fully
cstablished. Each chemical should be treated as a potential health hazard. Exposure to these chemicals
| should be reduced to the lowest possiblc level.
52 For teference purposes, a file of Material $afety Data Sheets (MSDS) for cach chemical used in this
method should be available to all personnel involved in this chemical analysis. The preparation of a

formal safety plan is also advisable.

53  The following chemicals used in this method may be highly toxic or hazardous and should be handled
with extreme caution at all times, Consult the appropriate MSDS bhefore handling.

53.1  Cadmium (Cd)
5.3.2  Phosphoric Acid (H,PO,)
5.3.3  Chloroform (CHCL,)

534 N-1-naphthylcthylenediamine Dihydrochloride (C,H, N ,-2HCH)

. Purt #319137 Flow Solution IV
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§3.5  Sulfanilamidc (C HN,0,5)

Unknown samples may be potentially hazardous and should be handled with extreme caution at all
times.

Proper personal protective equipment (PPE) should be used when handling or working in the presence
of chemieals.

This method does not address all safety issues associated with its use. The laboratory is responsible for
maintaining a safe work environment and a current awarcness filc of OSHA regulations regarding the
safe handling of the chemicals specified in this method.

Apparatus, Equipment, and Supplies

Scemented Flow Analysis (SFA) System (O1 Analytical Flow Solution IV) consisting of the following:
6.1.1 Model 502 Multichannel Peristaltic Pump

6.1.2  Random Access (RA) Autosampler

6.1.3 Expanded Range (ER) Photometric Detector with 5-mm path length flowcell and 540-um
optical filter

6.1.4  Data Acquisition System (PC or Notebook PC) with WinFLOW soflwarc
6.1.5 Nitrate/Nitrite, USEPA Cartridge (O! Analytical Part #A002670)

6.16 For FIA. Flow Solution IV must be equipped with thc FIA option. Scc Section 2.0 and 18.0 for
further information on FIA.

Sampling equipment — Sample bottle, amber glass, with polytetrafluoroethylene (PTTE)-lined cap.
Clean by washing with detergent and water, rinsing with two aliquots ol reagent water, and drying by
baking at 110°-150°C for a minimun of one hour.

Standard laboratory cquipment including volumetric {lasks, pipettes, syringes, etc. should all be
cleaned, rinsed, and dried per bottle cleaning procedure in Section 6.2.

Reagents and Calibrants

Raw Materials

71,1  Ammonium Chloride. NH,CI (CAS 12125-02-9, Sigma-Aldrich #A4514)

712  Ammonium Iydroxide, NH,OH (CAS 13360-21-6, Sigma-Aldrich #A6899)

7.1.3  Brij¥-35, 30% w/v (01 Analytical Part #A21-0110-33)

Vart #1043 Flow Solation IV
Publicaiion 149005600 4







10/31/00 TUE 09:50 FAX 409 6980 7155 01 TECH SUPPORT.

718

7.1.9

Nirrate-+Nitrite and Nitrite, USEPA by SFA or Fld

Chloroform, CHCL, (CAS 67-66-3, Sigma-Aldrich #320242)
Deionized Water (ASTM Type I or 1)

Ethylene Diamine Tetraacetic Acid, disodium salt dihydrate (EDTA), C, 11, SN,Na, 0, "2H ,0
(CAS 6381-92-6, Sigma-Aldrich #E5134) ) '

N-1-naphthylcthylenediamine Dihydrochloride, C, H, N,-2HCI (CAS 1465-25-4. Sigma-
Aldrich /IN9125)

Phosphoric Acid, Concentrated (85%), H,PO, (CAS 7664-38-2, Sigma-Aldrich #P6560)

Potassiumn Nitrate, KNQ, (CAS 7757-79-1, Sigma-Aldrich #P8394)

7.1.10  Potassium Nitrite, KNO, (CAS 7758-09-0, Sigma-Aldrich #P7391)

7.1.11 Sulfanilamide, C I N,0,S (CAS 63-74-1, Sigma-Aldrich #/59251)

7.2 Reagent Preparation

7.2.1

722

723

Reagent Water
7.2.1.1  Degassed and deionized reagent water can be prepared in one of the following manners:

22.1.1.1 Place distilled/deionized water under a strong vacuum for 15-20 minutes.
Magnctic stirring or sonification will aid in the degassing process,

7.2.1.1.2 Purge water with a strcam of nitrogen gas (or other inert gas) through a
glags frit for approximately 5 minutes. )

7.3.1.1.3 Boil distilled/deionized water in an Erlenmeyer flask for 15-20 minutes.
Remove the flagk from the heat gource, cover it with an inverted beaker, and
allow it to cool to room temperaturc.

7.2.1.2  After preparation of degassed reagent walcr, protect it from re-absorption of aumo-
spheric gases by storing it in a tightly sealed container, For best results, storc de-
gassed reagent water under 1 slight vacuum when not in use.

Start-up Solution (1 L) — Add 2 mL of Brij-35, 30% wiv. o approximately 800 mL of reagent
watcr in a cleaned 1-L Erlenmeyer flask and mix well. Dilute to 1 L with reagent water (Sec-
tion 7.2.1).

Stock Ammonium Chloride/EDTA Buffer, pH 8.5 (1 L) — Dissolve 85 g of ammohium chlo-
ride and 0.1 g of disodium EDTA in approximately 900 mL of reagent water in a L1 beaker.
Adjust the pH to 8.5 with concenirated ammonium hydroxide. Transfer the solution to a I-L
volumetric flask and dilutc to | L with reagent water. [or best results, filter this solution
through a 0.45-um filter before use.

Part 7319437
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Working Buffer (1 L) — Add 2 mL of Brij-35, 30% w/v, 1o | L of stock ammonium chloride-
EDTA buffer (Scction 7.2.3) and mix gently.

Color Reagent (500 mL) - Cautiously add 50 ml. of concentrated phosphoric acid to approxi-
mately 400 mL of reagent water in a 500-mL volumetric flask while stirring. Dissolve 20 g of
sulfanilamide and | g of N-1-naphthylethylene-diamine dihydrochloride in the phosphonc acid
solution (continue stirring until completely dissolved, which may take 2-3 hours). Dilute to 500
mL with reagent water. For best results, filter this solution through a 0.45-um filter before usc.
Storc in an amber bottle and keep in the dark when not in use. If stored properly, this color
reagent is typically stable for 2-3 months.

Sampler Wash -— Reagent water (Se¢ction 7.2.1)

Open Tubular Cadiminm Reactor (OTCR), (O1 Analytical Part #A000897)—Refer to Sec-
tion 18.0 for FIA.

Reagents for QTCR Activation:
7281 Stock Ammonium Chloride/EDTA Buffer (Scetion 7.2.3)
7.2.8.2 Reagent Water (Section 7.2.1)

7.2.8.3 Cupric Sulfate Pentahydrate, CuSO,*5H,0, 2% Solution, (1 L) -~ Dissolve 20 g of
CuS0,+SILO in approximately 900 mL of reagent water in a 1-L voluimetric flask.
Dilute the solution to 1 L with reagent water and mix well.

7.2.8.4 Hydrochloric Acid, HC, 0.5-N Solution (100 mL) — Add 4.15 mL of concentraled
HCI to approximately 70 mL of reagent water in a 100-mL volumetric flask. Dilute to
100 mL with reapent water and mix well,

Activation of the OTCR:

7.2.9.1 Using a 10-mL luer-lock syringe and Ve" 28 luer female fitting (OI Analytical, Part
4A000543), slowly flush the OTCR with 10 mL of reagent water. IF any debris is scen
exiting the OTCR, then continue to flush with reagent water until all debris is re-
toved.

7292 Slowly fush the OTCR with 10 mL of the 0.5-N HCl solution (Section 7.2.8.4).
Quickly proceed to the next step as the HCI solution can cause damage 1o the cad-
mium surface if left in the OTCR for more than a few seconds.

7293 Tlush the OTCR with 10 mL of reagent water to remove the IIC] solution.

7.2.9.4 Slowly flush the OTCR with 10 mL of 2% cupric sulfate solution (Section 7.2.8.3).
Leave this solution in the OTCR for approximately 5-10 minutes.

7.2.9.5 Forcefully Aush the OTCR with 10 mL of stock buffer solution (Section 7.2.3) to
remove any loose copper that may have formed within the reactor. Continue to flush
until all debris is removed.

Par [1219437
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. 7.29.6 The OTCR should be stored filied with reagent water when not in use, Buffer contain-
ing Brij-35 should not be used when flushing or storing the OTCR.

7.2.10 Reduction Cificiency of the OTCR

7.2.10.1 In the OTCR, nitrate is reduced to nitrite, However, under some conditions, reduction
may proceed further with nitrite being reduced to hydroxylamine and ammonivm ion.
These reactions are pH dependent:

NO3~+ 2H™ + 2¢- — NOy + Hy0 (1)
\ NO»- + 6H™ + 6e~ — H3NOH" + HyO (2)
NO3~+ 8H + 6¢~ — NH4™1 + 2H»0 (3)

7.2.10.2 At the buffered pH of this method, rcaction (1) predominates, However; if the cad-
mium surface is overly active, reactions (2) and (3) will proceed sufliciently to give
low results for nitrite.

7.2.10.3 Also, if the cadmium surface i insufficiently active, there will be a low recovery of
nitrate as nitrite (Reference 15.2). This condition is defined as poor reduction cifi-
ciency,

7.2.10.4 To determine the reduction efficiency, run a high-level nitrite calibrant followed by a
mitrate calibrant of the same nominal concentration. The reduction efficicney is
I calculated ag ghown in Equation 1.

EQUATION 1

PR= [N3—N2/ x 100
N2

Where:

PR = Percent reduction efficiency
N3 = Nitrate peak height

N2 = Nitrite peak height

7.2.10.5 If the response of the nitrite is as expectad but the reduction efficiency is less than
90%., then the OTCR may need to be reactivated (Section 7.2.9).

7.2.10.6 If the response of the nitrite is lower than expected and/or the reduction cfficiency is
preater than 110%, then the cadmiwm may need to be stabilized To stabilizc the
reactor, analyze fifteen replicates of a highelevel concentration nitrate calibrant
followed by three replicates of an cquivalent nitrite calibrant. The high-level nitrate
calibrant will allow the cadmium reactor to stabilize by slightly reducing its activity to
a more consistent level. The high-level nitrite calibrant should be compared to the

. at#319437 Flow Solution IV
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nitrate calibrant to ensure that a reduction efficiency between 90% and 110% is being
obtained.

7.3 Calibrant Preparation

7.3.1  Stock 1,000 mg/L Nitrate Solution (1 L) — Dissolve 7.218 g of potassium nitrate (KNO,) in
approximately 800 mL of reagent water (Section 7.2.1) in a 1-L volumctric tlask. Dilute this
solution with reagent water to 1 L. and preserve it by adding 2 mL of chloroform (per lites).
Keep refrigerated. This solution should be stable for approximately 6 months.

732  Swck 1,000 mg/L Nitrite Solution (1 L) — Dissolve 6.076 g of potassium nitrite (KNO,) in
approximately 800 mL of reagent water (Section 7.2.1) in a 1-L volumetric flask. Dilute this
solution with reagent water to 1 L and preserve it by adding 2 mL of chloroform (per liter).
Keep refrigerated. This solution should be stable for approximately 6 months.

7.3.3  Waorking calibrants can be prepared froin the 1,000 mg/L nitrate (Scetion 7.3.1) and nitrite
(Scetion 7.3.2) stock solutions as follows (all dilutions should be made in cleaned volumetric
flasks of the appropriate volume) using Equation 2.

EQUATION 2
Cl Vl = CJVZ

Where:

C, = Desired concentration (in mg/L) of working calibrant to be prepared
V, = Final vohume (in L) of working calibrant to be prepared

C, = Concentration (in mg/L) of stock solution (or calibrany)

V, = Volume (in L) of stock solution (or calibrant) to be used

By solving this equation for the volume of stock solution to be used (V,), the following cquation s obtained:

vV, =CV
C

Since the desired concentration (C,), the final volume (V)), and the concentration of the stock solution (C,)
are all known [or any given calibrant concentration in a defined volume, the volume of stock sotution to be
used (¥)) is easily caleulated.

Part #319437 Flow Solution IV
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7.3.4  Altemnately, standard curves in the desired ranges can be derived from the table below:

Sample Collection, Prescrvation, and Storage

Samples should be collected in plastic or glass bottles that have been thoroughly cleancd and rinsed
with reagent water (Seetion 7.2.1).

The volume of sample collected should be sufficient to ensure that a representative sample 15 obtained,
replicate analysis is possible, and waste disposal is minimized.

Preserve samples with concentrated sulfuric acid (H,80,) to a pH of less than 2 and keep refrigerated to
4°C from the time of collection. Do not prescrve samples with mereuric chloride.

Sample analysis should be performed as soon as possible to climinate loss of analyte. Should storage be
required, preserved samples (Section 8.3) that have been refrigerated at 4° C may be held for a maxi-
mum of 28 days from the time of collection (Reference 15.7).

For analysis of nitrate or nitrite singly, samples should be refrigerated at 4°C and analyzed within 48
houts rom the time of cotleetion,

Quuality Control

Each laboratory that uses this method is required to operate a formal quality assurance prograin (Refer-
ence 15.3). The minimum requirements of this program consist of an initial demonsiration of laboratory
capability and the periodic analysis of Laboratory Control Samples (LCSs) and Matrix Spike/Matrix
Spike Duplicates (MS$/MSDs) as a continuing check on performance. Laboratory performance is
compared to cstablished performance criteria to determine if the results of the analyses meet the
performance characteristics of the method.

9.1.1 The analyst shall make an initial demonstration of the ability lo gencrate acceptable precision
and accuracy with this method. This ability is cstablished as doseribed in Scction 9.2.

9.12 Inrccognition of advances that are occurting in analytical technology and to allow the analyst
1o overcome sample matrix interfercnees, the analyst is permitted certain options to improve
performance or lower'the costs of measurcments. Alternate detcrminative techniques, such as
the substitution of spectrascopic or other technigues, and changes that degrade method perfor-

Purt 318437 ' Flow Solution IV
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. mance ase not allowed. {f an analytical technique other than the techniques specified in this
method is used, that technique must have 2 specificity equal to or better than the specificity of
the techniques in this'method for the analyte(s) of interest.
9.1.2.1 Each time a modification is made to this method, the analyst is required to repeat the
procedure in Section 9.2. If the detection limit of the method will be affected by the
change, the laboratory is required 1o demonstrate that the MDL is lower than one-thud
the regulatory compliance level or as low as or lower than that listed in Section 1.2. 11
calibration Will be affected by the change, the analyst must recalibrate the instrument
per Section-10.4.

9.1.2.2 The laboratory is required to maintain records of modifications made o this method.
These records include the information in this subscction, at a minimum.

9.1,2.2.1 The names, titles, addresses, and telephone numbers of the analyst(s) who
performed the analyses and modification, and of the quality comtrol officer
who witnessed and will verify the analyses and modification.

9.1.2.2.2 A-'ﬁarrativc stating the reason(s) for the modification,

9.1.2.2.3 Results from all quality control (QC) tests comparing the modilicd method
10 this mcthod including:

a) * calibration (Section 10.4)
. b) calibration verification (Secﬁon 9.5)
(.) 'initial precision and rccovefy (Section 9.2.2)
d) analysis of blanks (Scction 9.4)
5 .o'ngoing precision and recovery (Section 9.6)

(f)° matrix spike and matrix spike duplicate (Scction 9.3)

91224 Di,té"rhat will allow an independent reviewer to validate each determination
by tracing the instrument output (peak height, area, or other signal) to the
final result. These data are to include:

'sémple numbers and other identitiers
analysis dates and times

analysis scquence/run chrox@oﬁy
sample weight or volume

sample volumie prior to cach cleanup step, if applicable

. 't #319437
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i+ -sample volume after each cleanup step, if applicable

- final sample volume prior to injection

i1 injection volume

i+ dilution data, diffcrentiating between dilution of a sample or moditied
i1 sample

. instrument and operating conditions

othey operating conditions |

 detector
printer tapes, disks, and other recording of raw data

-quantitation reports, data system outputs, and other data nccessary to
link raw data to the results reported S

Al
Analyses of MS/MSD samples are required to demonstrate method aecuracy and precision and
to monitor matrix mte.rferences (interferences caused by the sample matrix). The procedure and

QC criteria for spiking!

Analyses of laborato
contamination and t
carried over from 4

are described in Scction 9.3.

eagent blanks (LRBs) are réquired 1o demonstrate freedom from
the compounds of intcrest and interfering compounds have not been
ipus analysis. The procedures and criteria for analysis of an LRI are

described in Section 9:4. .

The laboratory shall;
analytical sysiem is in

The laboratory should
ment of accuracy stati

Accompanying QC fo
baich. An analytical b
samples. Bach analyti
rcagent blank (LRB-,'ESG
spike and matrix spike
analyses (1 sample, 1
samples, 1 LRB, 1 LG
lyzed at one time, the
samples,

Q

‘an ongoing basis, demonstrate through the analysis of the LCS that the
ontrol. This procedure is deseribed in Section 9.6,

aintain records to define thc quality of data that is genemted Develop-
ents is described in Scctions 9.3.8 and 9.6.3.

thc determination of nitrate and/()r nitrilc is required per analytical

ch is a set of saroples analyzéd at the same time to a maximum of 10
.batch of 10 or fewer samples must be accompanied by a laboratory
ction 9.4), a laboratory control sample (LCS, Section 9.6), and a matrix
duplicate (MS/MSD, Section'9.3), resulting in a minimum of five

RB, 1 LCS, 1 MS, and 1 MSD) and a maximum of 14 analyses (10

3T MS, and 1 MSD) in the batch. If greater than 10 samples are ana-
amples must be separated into analytical batches of 10 or fewer

9.2 Initial Demonstration of Labp_‘ratdry Capability

9.2.1

Method Detection L
levels, the analyst sh

(MDL) — To establish the ability to detect nitrate and/or nitrite at low
etermine the MDL per the procedure in 40 CFR 136, Appendix B

Part 1319437
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. (Refercnee 15.1) usi \C apparatus, reagents, and standards that will be used in the practice of
this method. An MDL: less than or cqual to the MDL fisted n Section 1.2 must be achieved
prior to practice of this method.

9.2.2  Initial Precision andEI@@:cbvcry (IPR) -~ To establish the ability to generate acceptahle precision
and accuracy, the analyst shall perform the following operations:

9.2.2.1 Analyze foursamples of the LCS (Section 9.6) according to the procedure beginning
in Section : :

9.2.2.2 Using the rest ts of the set of the four analyses, computc the average pereent recovery
(») and the §tandard deviation of the percent recovery (s) tor nitrate and/ot nitrite. Usc

tow for the caleulation of the standard deviation ol the pereent

Where:
& = Standard deviat
n = Number of sampl
x = Percent recoveryiin-each sample

9.2.2.3 Compare
in Section
outside th

with the precision and percent recovery acceptance eritcria spectficd
Tf the value of s exceeds the precision limit or the value ot x falls

@ for recovery, system performance is unaceeptible and the problem
nd corrected before analysis may continue,

cate (MS/MSD) - The 1ab6ratbry shall spike, in dupliczité, a mini-
(onc sample in duplicate in cach batch of ten samples) from a given

9.3 Matrix Spike/Matrix Spike D
mum of 10 pereent of all sa
sampling site.

031 The concentration '_Spike in the sample shall be determined as follows:

dnce monitoring, the concentration of nitrate and/or nitrite in the

‘¢hecked against a regulatory concentration limit, the spiking level

limit or at one to five times higher than the background concentration

determined in Section 9.3.2), whichever concentration is higher.

9.3.1.1 If, as in con
sample is bi
shall be at
of the samp

. Pt #315437
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9.3.1.2  Ifthe concentration of nitrate and/or nitrite’ in a sample is not being checked against a

limit, the §

than the MIX

Analyzc onc sampl
to the procedure be
and/or nitrite.

9.3.2.1 Spike this
73.1or7.
mg/L. I n

tion level i
background

Calculate the perce

‘shall be at the concentration of the LCS or at least four times greater

iot out of each set of 10 samples from each site or discharge according

ing in Section 10.0 to determine the backpround concentration of nitrate

ple with the amount of nitrate and/or nitrite stock solution (Section

to produce a nitrate and/or nitrite concentration in the sample of 3

sary, prepare another stock solution appropriate to produce a concentra-
c'sample at the regulatory compliance limit or at one to five times the
g;entration of nitrate and/or hifrite (Section 9.3.1).

jonal sample aliquots with the spiking solution and dndlyl.l. these
'mme the concentration afier spiking.

dvcry of nitrate and/or nitrite in cach aliquot using Equation 4.

Where:
P = Percent recovi
A = Measured co

B = Measured baél

T = True concen

EQUATION 4

A-B x 100 '
T

ration of nitrate and/or nitrite after spiling (Secrion 9.3.2.2
und concentration of nirrate and/or nitrite (Section 9.3.2)
f the spike :

9.3.2
)
9313
'y
%.34
9.3.5

Compare the recover
of the acceptance crite

(Scetion 9.6) for the an

In this case, the resul

1f the results of both th

system is judged to b
and the analytical batc

hé QC acceptance criteria in Section 13.0. 1 percent recovery is outside

d the recovery of the LCS in the ongoing precision and recovery test
al batch is within the acceptapce criteria, an interference is present.
ol be reported for regulatory compliznce purposes.

[S/MSD and the LCS test fail the acceptance criteria, theé analytical
f control, Tn this case, the problem shall be identified and-corrected,
ust be reanalyzed.

Parc #319437
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ent difference (RPD) between the two spiked sample results (Section
two percent recoverics) using Equation 5

9.3.2.2, not between the

EQUATION 5

= [ /p,~p/ T x 100

D, + D)2

Where:
em' difference

nitrate and/or nitrite in rhe spzked sample

nitratc and/or pitrite in the spiked duplicate sample

2.4

9.5

9.3.7 If the RPD is greater

9.3.8  As part of the QC pI

an 10%, the analytical system is judged to be out of control, and the
problem must be im ately identified and corrected. The analytical batch rmust be reana-

lyzed.

m for the laboratory, method precision and accuracy for samples
should be assessed an :‘bords should be maintaincd. After the analysis of five spiked samples
in which the recovery asses the test in. Sccﬂon 9.3 4 compute the av»rag&. p(.n..t.nf. recovery
(£ ) and the standard ). Express the accuracy assess

a percent recovery intérval from £ -2s to £, + 25 , For example, if £ = 90% and 5 =

five analyses, the a
on a repular basis (

Laboratory Reagent Blanks
{rom contamination,

i.e., with the tests in Section 9.2) and with each analytical batch. The
the exact same procedural'steps as a sample,

94.1 Analyze an LRB init
LRB must be subject

etected in the LRB at a cobcentration greater than the ML, analysis
¢ source of contamination is eliminated and conscquent analysis of
dence of contamination, !

9.4.2  If nitrate and/or nitrd
of samples is halte
another LRDB show

alibration of the analytical equipment before and after each analyti-
cmients. (The 14 measuremenfts will normatly be 10 samples, [ LRB, |
be accomplished by analyzing the mid-runge calibration standard
C acceptance criteria for fecovery in Section 13.0. (The concentra-
depends on the calibration'range being used.) Failure to atlain
titeria requires recalibration of the analyrical system (Séction 10.4).

Calibration Verification —
cal batch of 14 or fewer meas
1.CS, | MS, and 1 MSD). Th
and verifying that it is with
tion of the calibration verit
recoverics within the aceepta

. Parl 1319437
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10.0

10.1

10.2
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Laboratory Control Sample 4CS) —To dc.monsnate that 1hc analytical system is in contret and
acceptable precision and acgufady is beinp maintaincd with each analytical batch, the analyst shall
perform the following operations:

9.6.1 Analyze an LCS with a‘éh analytical batch according 1o the procedure in Section 10.0.
9.6.2 If the precision and
Section 13.0, analysi
this range, the anal
LCS test, and reanal

overy results for the LCS arc within the acceptance criteria specified in
the baich may continue. If; ‘however, the concentration is ot within
‘process is not in control. Iri this event, correet the problem, repeat the
the baich.

963 The laboratory shouldiadd results that pass the specification in Section 9.6.2 to IPR and previ-
ous LCS data and update QC charts to form a graphic representation of continued laboratory
performance. The labgr "er should also develop a statement of luboratory data quality lor
nitrate and/or nitrit calculating the average pereent recovery (R) and the standard deviation
of the percent rceo (s)). Express the accuracy as'a recovery interval from R — 2y to R + 28,
For example, if R = nd s = 5%, the accuracy is 85% to 105%.

Reference Sample — To demgnstrate that the ,ma|ym,dl syqtem is in control, the laboratory may wish
1o periodicatly test an exter reference sample, such as a Stapdard Referenee Material (SRM) avail-
able from the National Institutes of Standards and Technology (NIST). Corrective action shonld be
taken if the measured concentfation significantly differs from the statcd concentration.

Configuration and Start-

Instrument Configuration

10.1.1  Configure the OT Al
and verify that cac

ytical Flow Solution IV Analyl_mr aceording to the Operator’s Manual
ndule is properly powered on..

10,1.2  Verify that the Nitrat ite, USEPA Cartridge is cbnﬁgurcd a8 illustrated in the flow dia-

gram., :

10.1.3  Connect the appropri {mwp tubes to the caﬂridgc_f‘an.d to their appropriate reagent containers
according to the flow -

Insirument Stabilization

10.2.1 Connect the buffer
solution (Section 7.2
through the entire sy,

lor reagent pump tubes to 4 reagent bottle containing the start-up
Starl the pump at 40% speed, allowing the start-up solutmn to flow

10.2.2 Muke sure that the floweel! of cach detector is pmged nf all bubbles and the flow is stable and
free from surging. :

evecl conneet: thc. tca;gcnt pump tubes 1o the appropniate reagent
y,ents to flow through the cntire system, then, oncc again, verify that the
S purged of all bubblcs.

10.2.3 Once a stable flow i
bottles. Allow these
flowcell of cach det

Tart 2319417
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10.2.4

103 Daseline Verification

10.3.1

10.3.3

10.4 Calibration and Standardiza

10.4.1

10.4.2

1043

10,44

11.0 Procedurc

1}.1 Load the sampler wray with c.al

Nitrate+-Nitrite and Nitrite, USEFA by SFA or FIA

If nitrate plus nitrile i¢to be determined, install an activated OTCR (Section 7.2.7) onto the

cariridge manifold as shown in the flow diagram. If nitrite is to be determined singly, do not
mstall the OTCR as.i thé; flow diagram. If opcrating a two-chiannel system, it is possible to
configure one cartridge for nitrate plus nitritc and one cartridge for aitrite only.

Create and save a Mej}lm&’;‘in WinFLOW. Refer to the WinFLOW Operator™s Manual (Reference
15.12) for help on crehting a Method.
I :

Create and save a SapleTable in WinFLOW that will be used to generate a calibration curve
using at least three ca}hbramq that cover the full range of expected nitraic and/or nitrite concen-
trations in the sm-nplc_':ifq‘i' 0 be analyzed. This Sample Table should also be used to analyze all
necessary QC samplésias well as the analytical batch of samples to be analyzed. For help on
creating a Sample T4 efer to the WinFLOW Operator’s Manual (Reference 15.12).

Sclect Collect Data iff:the WinFLOW main window, enter the user’s identification, select the
appropriatc Method aﬁd Sample Table, and begin to collect baseline data. Verily that the
baseline does not driffjand is Irec from large fluctuations (greater than +50 pAu). Very shurp
fluctuations in the bd$'_li=.lix'1é and/or consistent drifting are typically signs of bubbles in the
floweell. The floweellimust be free of bubbles prior to beginning analysis.

Preparc a serics of at’ 51‘,"eias:tf'lt11ree working calibrants using the nitrate and/or nitrite stock solu-
tions (Scetion 7.3.1 aud/or 7.3.2) according to Equation 2, covering the desired analysis range.

Place the calibrants inithe autosampler in order of decreasing concentration and analyze each
calibrant according to Section 11.0. A calibration curve will be calculated by the WinFLOW
software. SN :

Aceeptance or contrdl'-limits for the calibration results should be established using the diller-
ence between the measured value of each calibrant and the corresponding “true” concentration.

Each calibration cuw% éhﬁuld be verified by analysis of a Laboratory Control Sample (LCS,
Section 9.6). Using WIAFLOW software, calibration, verification, and sample analysis may be
performed in one continuous analysis. -

3t

y

brants, blanks, samples, and QC samples. The matrix of the working

standards, blanks, and QC sar:fj)le‘l should match that of the samples being analyzed.

11.2 Using the Method and Samplé' Taii]_c created for the analytical batch to be analyzed and with the
baseline verified to be stable, begin the analysis by selecting the “Fast Forward” button on the left side
of the Data Analysis window it WinFLOW. This will initiate the sequential analysis of samples as

defincd in the Sample Table, &
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11.3 After the analysis is complete]the OTCR mustbe removed pﬁ.br to removing the buffer solution.
Remove the reactor and ru.onj\ ot the tubing for the cartridge in the nitrite analysis configuration. The
reactor should be Mushed and {btorcd with rcagcnt water (Scc;tmn 72.1),

Note: Do not allow any ol tlons other than reagent water and working reagents to flow through the
OTCR. Some qolulio rnay CAUSC 1rn.vcrs\bk. damage to the reacror.

11.4 After removing the OTCR, cohnccl the bufTer dnd color re'u._,ent pump tubes to the reagent bhattle
containing the start-up coluuop. Allow the start-up solution to ﬂow through the complete system fora
fow minutes to completely 11 all tubing,

11.5 Turn the pump “OFF”, relcase: e tension on all pump tubes, and power off the system when analysis is
complete. i ; :

12.0 Dats Analysis and Calcula

12,1 The calibration curve 1llows for dccurate quantitation of the nitrate and/or nitrite concentration in each
sample, k R ' :

12.2 WinFLOW software reports th
with the relative standard dev1

13.0 Method Perlormance

:'Pl'eLlMUl'l (0 00:
) P1ec1smn (O 05
) Perceh"‘c“R'eéovery
Part 319437 . ¥low Solution IV~
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Pollution Prevention and WgSfe Management

It is the laboratory’s responsit
waste management, particular
In addition, it is the laboratory’
and controlling all releases frq
any scwage discharpe pennits_

ility to comply with all federal, statc, and local regulations governing
y:the hazardous waste identification rules and land-disposal restrictions.
's: responsibility to protect air, water, and Jand resources by minimizing
m fiunc hoods and bench operations. Also, compliance is required with
z_md repulations.

For further information on wa'.ﬁtc management,-consult Less is Better: Laboratory Chemical Manage-

ment for Waste Reduction, Sec
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16.0 Glossary of Definitions and; ﬁrposcs

B :
The definitions and purposcs lmc,d hz.low arc spu.xﬁu to this method but have been conformed to common
usage as much as possible, ‘
16.1 Units of weights and measuies and thejr abbreviations

16.1.1 Symbols:

“C dcgn.c Celsius

% pet cent
* plus or minus

< loss; ihan
16.1.2 Alphabstical Characters:

g gram:

mg mllhgram

Ly mmrogr’un

L liter

mL mll!hhlcr

KL miéroliter

mg/L. m1l§.1gmxn per liter
pg/l. nnc,rogmm per liter .
ppm parts per million
ppb p.ms per billion

M mo]ar solution

N norinal solution
16.2 Delinitions:

16.2.1 Method Detection Lin nt (MDI,) - The minimum concentration of a substance that can be
mcasured and rcportejdlwith 99% conﬁjdence that the analytc concentration is greater than zero.

16.2.2 Minimum Level (MLY = The leve) at whlch the entire analytical system will give a recognizable
signal and acccptable cahbr'mon pomt taking into account method-specific sample and | injec-
tion volumes. : -

16.2.3 Dynamic Range — The range over which the analytical system responds in any manner (not
necessarily lincarly) ‘tbicban ges in ana[yte concentration.

16.2.4 Interferences - bpt.cxes other than the 111ande analyte that produce a response by the analyti-
cal system. i :- :

16.2.5 Iniual Precision and Recovery (IPR) - T]w analysis of four aliguots of the Idhl)rdl()ry reagenl
blank (LRDB) spiked: vhth the analyte(s) of interest that is used to establish the ability to gener-
ate acceptable prc..uswn and accuracy. An IPR is performed the first time this mathod is used
and any time the method or analytical system is modified.

Pl 319437 ) : Flow Solution 1V
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. 16.2.6 Matrix Spike/Matrix Spike Duplicate (MS/MSD) - An aliquot of an cnvironmental samiple to
which a quantity of the method analyte(s) is added in the laboratory. The MS/MSDs arc ana-
lyzed using the same }Smu.durc for sample analysis, and their purpose is to determine whether
the sample matnix contnbutcs bias to the analytical results. The background concentration of
the analyte in the qamplc matrix must be determined in a separate aliquot and the mmeasured
values in the MS/MSQ corrected for the background conceptration.

I

16.2.7 Laboratory Control Szﬁnple (LCS) - An aliquot of the LRB to which a known quantity of the
method analyte(s) is added in the laboratory. The LCS is analyzed using the same procedure [or
sample analysis, and ltq purpose is (o determine whether the methodology is in eontro) and
whether the Lxhummry is capable of making accurare and precise measurements.

16.2.8 Laboratory Reagent Bl‘anks (LRB) — An aliquot of reagent water or other blank matrix that is
treated like 1 sample including caposure to all glassware, equipment, and reagents that are used
with other samples. The LRB is uscd to determine if the method analyte or other interferences
are present in the laboratory environment, reagents, ot apparatus.

I

16.2.9 TReference Sample - S}!tt|11plc containing a certified quantity of the method analyte that has been
prepared by an externéx‘;l source such as the National Institutc of Standards and Technology
(NIST). Analysis of a reference sample is recommended to ensure that the analytical system is
in control and the results being obtained arc accurate.

. : M
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) P
. 18.0 Appendix A - FIA Procedure
To use the preceding method for mhlysis via {low injection analysis (F1A), replace the corresponding num-
bered steps in Sections 7.0 and 10.0 with the following modifications:
18.1 FIA Modifications to Section 7.0
7277 Granvlar Cadmium Coluxnn (O Analytical Part #421-0651-1)

72,71 Inthe t.admi;um column, nitrate is reduced to nitritc. However, under somc conditions,
reduction may procced further with nitrite being reduced to hychoxylamnu. and
&mn‘mmum l(m These reactions are pH dependent;

NO3‘1 1 21T I 2" — NO7" + Hp0O (1)
NO5> + 6H* + 6¢- — H3NOH- I 150 ()
NO3~+ &H' + 6e” — NH4 " + 2H0 3)

7.2.72 At the buffered pH of this rhcth.mi, reaction (1) predominates. Mowever, if the cad-
mium surface is overly active, reaction (2) and (3) will proceed sufficiently to pive
low results for nitrite.

» »

7.2.73  Also, if the cadmium surface is insufficicntly active, there will be a low recovery of
nitrate as mtnte (Reference 15.2). This condition is defined as poor reduction ctii-
ciency.

7.2.7.4 To determine the reduction efficiency, run a high-level nitrite calibrant followed by a
nitrate calibrant of the same nominal concentration. The reduction efficiency is
caleulated as shown below in Equation 6:

EQUATION 6

PR=IN3-N2] x 100
N2

Where:

PR = Percent rcducnan efficiency
N3 = Nitrare peak height

N2 = Nirwite peak height

)
7.2.75 Iithe u.spnnq:, of the nitrite is as expected but the reduction cfficiency is less than
90%, then lhc columnn may need to be replaced.
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