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FOREWORD 


The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the 
Nation's land, air, and water resources. Under a mandate of national environmental laws, the 
Agency strives to formulate and implement actions leading to a compatible balance between 
human activities and the ability of natural systems to support and nurture life. To meet this 
mandate, EPA's research program is providing data and technical support for solving 
environmental problems today and building a science knowledge base necessary to manage our 
ecological resources wisely, understand how pollutants affect our health, and prevent or reduce 
environmental risks in the future. 

The National Risk Management Research Laboratory (NRMRL) is the Agency's center for 
investigation of technological and management approaches for preventing and reducing risks 
from pollution that threaten human health and the environment. The focus of the Laboratory's 
research program is on methods and their cost-effectiveness for prevention and control of 
pollution to air, land, water, and subsurface resources; protection of water quality in public water 
systems; remediation of contaminated sites, sediments and ground water; prevention and control 
of indoor air pollution; and restoration of ecosystems. NRMRL collaborates with both public and 
private sector partners to foster technologies that reduce the cost of compliance and to anticipate 
emerging problems. NRMRL's research provides solutions to environmental problems by: 
developing and promoting technologies that protect and improve the environment; advancing 
scientific and engineering information to support regulatory and policy decisions; and providing 
the technical support and information transfer to ensure implementation of environmental 
regulations and strategies at the national, state, and community levels. 

This publication has been produced as part of the Laboratory's strategic long-term research plan. 
It is published and made available by EPA's Office of Research and Development to assist the 
user community and to link researchers with their clients. 

Sally Gutierrez, Director 
National Risk Management Research Laboratory 
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PREFACE 


This report provides an overview of nickel plating air emissions and waste release issues 
within the nickel plating industry.  It is the objective of this report to assist the metal 
finishing community and specifically, those involved with nickel plating operations, with 
the management of environmental challenges that result from wastes that are potentially 
generated by nickel plating.  Both the electrodeposition and electroless deposition 
processes for nickel plating have been profiled to examine resultant waste streams and 
potential releases. 

Nickel plating practitioners are challenged to making a high-quality product that meets 
the needs of the customer while being competitive within the market.  Furthermore, 
nickel plating practitioners must deal with environmental, regulatory, and technical, 
requirements to protect human health and the environment.  This report serves as an 
advisory to nickel plating practitioners by providing technical information to reduce 
environmental impacts and lower the liabilities associated with environmental releases. 

NOTICE 

This document has been reviewed in accordance with the U.S. Environmental Protection 
Agency=s peer and administrative review policies and approved for publication.  Mention 
of trade names or commercial products does not constitute endorsement or 
recommendation for use. 
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ABSTRACT: 

Nickel emissions from electroplating operations are of concern to EPA. Therefore, EPA has 
determined that it would be useful and important to obtain actual nickel emission data from 
nickel plating operations using EPA-Approved testing methods (both Method 29 and Method 
306A). The five nickel plating processes tested in this project were: Electroless Nickel, Rack 
Watts Nickel, Barrel Watts Nickel, Nickel Sulfamate, and Wood’s Nickel Strike Plating.  In 
addition, by modifying some of the operating parameters (i.e. surface tension, agitation methods, 
etc.), EPA can determine the impact of these operational changes on nickel emissions. 

The stack testing was conducted over a two year span from June of 2004 through January of 
2006. Based on the stack testing results, it was concluded that: 

- Nickel emissions from typically-operated Rack Watts Nickel and Rack Nickel 
Sulfamate  tanks (wetting agent, no mesh pad, air agitation) are not very significant 
(<0.05 mg/dscm). 

- Nickel emissions from uncontrolled and vented Electroless Nickel, Barrel Nickel, and 
Wood’s Nickel Strike plating are significant (greater then 0.1 mg/dscm), but can be 
significantly reduced (49% to 92%) by employing eductors, wetting agents, or simple 
mesh pads. 

- Wetting agents, simple mesh pads, and eductors can be used to reduce nickel 
emissions from these processes with varying degrees of success. Simple mesh pads 
were found to be the most favorable because they outperformed wetting agents and 
eductors, are less expensive, and are totally external to the plating process (no impact 
on the plating chemistry). 

Although the results of the study indicate that USEPA Method 306A and 
USEPA Method 29 provide similar results when measuring nickel emissions from Electroless 
Nickel, Watts Nickel, and Wood’s nickel strike, further testing needs to be conducted on a 
controlled process or conducted simultaneously to determine whether Method 306A truly is an 
acceptable alternative to Method 29 for measuring nickel emissions from nickel plating 
processes in general. 
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Section 1.0 PROJECT DESCRIPTION AND OBJECTIVES 

Purpose and Background 

The nickel plating industry is a large part of the metal finishing community in the United States. 
It consists of job shops (independently owned plating businesses) and captive shops (metal 
finishing operations contained in larger manufacturing facilities).  There are over 3,000 U.S. job 
shops that average fewer than 50 employees each with annual sales of, approximately $5 million. 
Captive shops that support larger manufacturing facilities can vary in size depending on their 
role within the company.  The metal finishing industry is regulated for environmental protection 
and occupational health and safety due to the nature of the processes and materials required to 
satisfy industrial and public consumer demand.  Nearly all manufactured products require some 
type of surface finishing.  Consumers demand products that have aesthetic appeal, will not 
deteriorate, and have durability.  The nickel plating industry provides a product that improves 
appearance, slows or prevents corrosion, changes magnetic properties, and increases strength and 
resistance to wear for manufactured parts and products. 

Most of the nickel plating industry is located in or near major metropolitan areas and may 
generate air emissions, water discharges, and solid wastes that add to overall pollution concerns. 
Pollution abatement costs and expenditures for the metal finishing industry comprise nearly 20% 
of its budget. Industry representatives are working together with government, trade associations, 
and professional organizations to encourage technological advances that lead to more efficient, 
cleaner production while reducing waste generation and control costs. 

Nickel plating is most commonly applied though the utilization of aqueous chemical reagents by 
means of electroplating or via a chemical reducing agent (a process that is referred to as 
electroless plating). Typical constituents of nickel electroplating solutions include nickel sulfate 
(or nickel sulfamate) nickel chloride, and boric acid, along with inorganic or organic additives 
that modify the crystal structure of the nickel deposit.  While a variety of formulations for nickel 
plating exists, the Watts, Woods, and Sulfamate processes comprise the majority of the 
formulations used by the metal finishing industry.  Also, electroless nickel is used throughout the 
industry and these process solutions are based on nickel sulfate plus a reducing agent containing 
boron or phosphorus. The phosphorus-based solutions produce nickel alloy deposits ranging 
from about 4% to about 12% phosphorus. 

Nickel emissions from electroplating operations are of concern to EPA. Air emission estimation 
for electroplating is described in EPA’s AP42 Manual.  As part of this manual, the AP42 states: 
“Emissions from plating operations other than chromium electroplating can be estimated using 
the emission factors and operating parameters for chromium electroplating.”  Based on this 
theory, EPA developed a computer based Metal Finishing Facility Risk Screening Tool 
(MFFRST) which estimates emissions from electroplating operations.  The tool is believed to be 
very accurate for chromium emissions, however, there was a need to validate air emissions for 
other metals such as nickel.  
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In Phase I of this project, it was determined that the MFFRST Model that used the AP42 
methodology was not very accurate in estimating nickel emissions from nickel plating 
operations. Therefore, EPA has determined that it would be useful and important to obtain more 
actual nickel emission data from nickel plating operations to improve AP42 estimates using 
EPA-Approved testing methods (both Method 29 and Method 306A). 

In addition, by modifying some of the operating parameters from one test to another within the 
plating process (i.e. surface tension, agitation methods, etc.) and then comparing the test results, 
EPA can determine the effects of these operating parameters on nickel emissions. 

Process, Site, Facilities Tested 

Actual data was collected by stack testing various types of nickel plating processes, operating 
under several different conditions, using EPA-Approved procedures.  Similar testing was also 
conducted in Phase 1 of this project in 2004. 

For Phase 2, the exhausted air from five different types of nickel plating processes was sampled 
and analyzed for nickel in order to obtain the nickel emissions from each process.  These nickel 
plating processes were all production lines located in actual plating facilities.  Each nickel 
plating process was tested several times under various conditions in order to observe the effects 
of that condition on nickel emissions.  There were a total of twenty-three (23) actual stack tests 
conducted during this phase. The nickel plating processes that were tested were: Electroless 
Nickel Plating, Rack Watts Nickel Plating, Barrel Watts Nickel Plating, Rack Nickel Sulfamate 
Plating, and Rack Woods Nickel Strike Plating.  The various conditions under which each of 
these processes was tested are summarized in the Table 1.  

Some nickel plating processes were tested more (varying more operating conditions) than other 
nickel plating processes (i.e. Rack Watts Nickel is tested under more operating conditions than 
Woods Nickel Strike). The total number of stack tests (23) was based solely on the budget of the 
project. The decision on which plating processes were tested more than others was based on the 
popularity of that process in the industry.  In other words, Rack Watts Nickel is far more 
common in the industry than Woods Nickel Strike so more emphasis (i.e. more conditions were 
varied) was given to Rack Watts Nickel. 

The testing sites for each of these nickel plating processes were as follows: 

1. Electroless Nickel Plating 

Facility: Reliable Plating Company 
Site: 1538 West Lake Street 
  Chicago, IL 60607 

2. Rack Watts Nickel Plating 

Facility: America’s Best Quality Coatings 
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Site: 	 1602 S. First Street 
  Milwaukee, WI 53204 

3. Barrel Watts Nickel Plating 

Facility: Artistic Plating Company 
Site: 405 W. Cherry Street 
  Milwaukee, WI 53212 

4. Rack Nickel Sulfamate Plating 

Facility: Elite Finishing, LLC 
Site: 3270 S. 3rd Street 
  Milwaukee, WI 53207 

5. Rack Woods Nickel Strike Plating  

Facility: Artistic Plating Company 
Site: 405 W. Cherry Street 
  Milwaukee, WI 53212 

The six (6) stack tests that were completed on nickel plating processes as Phase 1 of this project 
are also included in Table 1 (identified as “Completed - Phase 1”). 

The actual nickel emission results from Phase 1 and Phase 2 were also used to estimate the 
effects of several plating operating parameters on nickel emissions. Based on the operating 
conditions selected and summarized in Table 1, we were able to estimate the effects of the 
following operating conditions/parameters on nickel emissions: 

- air agitation versus pump (eductor) agitation 
- the use of wetting agents to control the surface tension of the plating 

solution 
- the use of simple mesh pads on the exhaust hood to control splashing  
-	 the ratio of nickel emissions attributed to electrolysis (electroplating) 

versus attributed to barrel transfer (entrainment from splashing) in barrel 
plating 

-	 the ratio of nickel emissions attributed to plating versus attributed to 
agitation and evaporation in electroless nickel plating  

- the type of stack testing used (Method 29 versus Method 306A) 

Table 2 summarizes these selected process parameters and which tests were compared to each 
other when estimating the effects of the selected parameter. 

The data collected in Phase 1 was also used in Phase 2 to compare nickel emissions from various 
nickel processes and from same nickel processes operated under different conditions.  The results 
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from Phase 1 and Phase 2 are comparable because identical sampling and testing methodologies 
was used in both phases (i.e. Method 29, three individual test runs per stack test, etc.) and 
because, in many cases, the same nickel plating site was tested in both Phase 1 and Phase 2 
(except under different operating conditions). 
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    Surface Tension/   Air Agitation/ Tank 
# Process   Wetting Agent Mesh Pad Eductor Loading Status Site Method 

1 Electroless Nickel  NA  No  Low Completed- Phase 1 Reliable Method 29 

2 Electroless Nickel  NA  No  Low Completed- Phase 1 Reliable Method 306A 

3 Electroless Nickel  High Phase 2 (USEPA-A) Reliable Method 29 

4 
5 
6 

Electroless Nickel 
Electroless Nickel 
Electroless Nickel 

NA 
NA 

Yes 
No 

Air
Air
Air 

 Eductor 
 Eductor 

Air 

High 
High 
High 

Phase 2 (USEPA-B) 
Phase 2 (SCL 3) 
Phase 2 (SCL 4) 

Reliable 
Reliable 
Reliable 

Method 29 

Method 29 

Method 29 


8 
9 

Rack Watts (bright)
Rack Watts (bright)

NA 
NA 
 Yes (30s) Yes 
 Yes (30s) No  Eductor  High 

Completed- Phase 1 
Completed- Phase 1 

Site B 
Site B 

Method 29 

Method 29 


10 Rack Watts (bright)  No (45-60) Yes  Eductor  High  Phase 2 (USEPA- C) ABQC  Method 29 

11 
12 
13 

Rack Watts (bright) 
Rack Watts (bright) 
Rack Watts (bright)

No (45-60) 
No (45-60) No 

 Yes (30s) No 

Yes 
No Air 

Air 
Air 

 Eductor
High 

High 
High 

 High 

Phase 2 (SCL 1) 
Phase 2 (SCL 10) 

 Phase 2 (USEPA- D) 

ABQC 
ABQC 
ABQC 

Method 29 

Method 29 


 Method 29 

14 Rack Watts (bright)  Yes  Phase 2 (SCL 2) ABQC  Method 29 

15 Rack Watts (bright)  Yes  Phase 2 (SCL 2) ABQC  Method 306A 


16 Barrel Watts (dull)  Yes (33) Yes 
17 Barrel Watts (bright)  No (50s) Yes 
18 Barrel Watts (dull)  No (45-60)Yes  Yes 

Air 
Air 
 NA High 

High 
 High 

Completed- Phase 1
Completed- Phase 1

 Phase 2 (USEPA-E) 

 Artistic 
 Artistic 

Artistic 

Method 29 

Method 29 

Method 29 


19 Barrel Watts (dull)  No (45-60)
20 Barrel Watts (dull)  Yes (30s) No 
21 Barrel Watts (dull)  Yes (30s) No

 No 
NA 

NA 

High 

High 

 High 

 High 

 Phase 2 (SCL-9)*** 
 Phase 2 (USEPA-F) 
 Phase 2 (SCL-8)*** 

Artistic 
Artistic 
Artistic 

 Method 29 
 Method 29 
 Method 29 








22 Rack Sulfamate  Yes (30s) 
23 Rack Sulfamate  Yes (30s) Yes 
25 Rack Sulfamate  Yes (30s) No 

NA
NA 
NA
 Eductor 
 Eductor 

High 
 Phase 2 (SCL-5) 
 Phase 2 (SCL-7) 
 Phase 2 (USEPA-G) 

Elite
Elite
Elite

 Method 29 
 Method 29 
 Method 29 








26 Rack Sulfamate  Yes (30s) 
No Air High 

 Phase 2 (USEPA-G) Elite  Method 306A 


27 Woods Strike (Rack)  No (50-60)No 
28 Woods Strike (Rack) Yes (30s) Yes 
7 Woods Strike (Rack)  No (50-60)No 

 No 
No 

 Yes Air 
NA

High 
High 
High 
 High 

 Phase 2 (USEPA-I) 
 Phase 2 (USEPA-H) 
 Phase 2 (SCL-6) 

Artistic 
Artistic 
Artistic 

 Method 29 
 Method 29 
 Method 29 








24 Woods Strike (Rack)  Yes (30s) 
29 Woods Strike (Rack) Yes (30s) No NA NA High 

 Phase 2 (SCL-11) 
 Phase 2 (USEPA-H) 

Artistic 
Artistic 

 Method 29

 Method 306A 


NA High 
Yes 

*** Absolutely no barrel transfer during testing 
NA High 

High 

TABLE 1 


USEPA Nickel Project Process Summary
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TABLE 2 


Nickel Plating Process Operating Condition/Parameter Tests Compared to Evaluate the Affect of the 
Condition/Parameter on Nickel Emissions 

Air Agitation versus Pump (Eductor) Agitation 3-4, 5-6 (Electroless Nickel) 
8-9, 10-11, 13-14 (Rack Watts)  
22-23 (Rack Sulfamate)     

The Use of Wetting agents 8-12, 10-13, 11-14, (Rack Watts) 
16-17, 18-20, 19-21, (Barrel Watts) 
27-28, 7-24   (Rack Woods Strike)       

 The Use of Simple Mesh Pads in Exhaust Hood  4-5, 3-6 (Electroless Nickel) 
11-12, 9-13, 8-14 (Rack Watts)  
16-20 17-18 (Barrel Watts) 
23-25 (Rack Sulfamate) 
7-27, 24-28 (Woods Nickel) 

The Ratio of Nickel Emissions Attributed to Electrolysis 
(electroplating) Versus Attributed to Barrel Transfer (entrainment 
from splashing) in Barrel Plating 

17-19, 16-21 (Barrel Watts) 

The Ratio of Nickel Emissions Attributed to Plating Versus 
Attributed to Agitation/Evaporation in Electroless Nickel Plating 

1-6, (Electroless Nickel) 

The Type of Stack Testing Method Used (Method 29 versus 
Method 306A) 

1-2 (Electroless Nickel) 
14-15 (Rack Watts) 
22-26 (Rack Sulfamate) 
28-29 (Rack Woods Strike) 
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Project Objectives  

The objectives of this project were to 1) develop actual nickel air emission data using EPA-
Approved Methods 29 and 306A that may also be used in the future to establish regulations 
for nickel emissions and/or revise the AP-42 Methodology and consequently the MFFRST 
Model, 2) compare the total nickel emissions obtained using EPA Method 29 and EPA 
Method 306A to determine whether Method 306A is a viable alternative to Method 29 for 
determining nickel emissions, and 3) evaluate the factors that affect nickel emissions such as 
surface tension, product loading, type of process solution and type of agitation used in the 
process. 

Section 2.0 PROJECT ORGANIZATION 

Contacts 

Organization Contact 

USEPA    David Ferguson (513-569-7518) 
Scientific Control Laboratories, Inc. Frank Altmayer/Jeff Zak (773-254-2406) 
Artistic Plating Company John Lindstedt (414-271-8138) 
ABQC Company   Matthew Kirchner (414-649-4900) 
Elite Finishing    Jaime Maliszewski  (414-489-9710) 
Reliable Plating Company Jim Greenwell (312-421-4747) 
ETE     Michael Huenink (262-784-2434) 

QA Managers 

Linda Kenny 
Scientific Control Laboratories, Inc. 
3158 S. Kolin Avenue 
Chicago, IL 60623 
773-254-2406 

Lauren Drees 
EPA QA Manager 

Project Participants and Responsibilities 

Name       Responsibility  

David Ferguson, USEPA USEPA Project Manager 

Frank Altmayer, SCL Project Manager 
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Name	       Responsibility  

Jeff Zak, P.E., SCL 	 Planning Coordination, 
Sample Collection, Sample Custody, 
Physical Measurement, Process 
Measurements, Data Validation, Data 
Reduction, Report Preparation 

Linda Kenny, SCL 	 Analytical Measurements,  
 QA Manager 

Michael Huenink, ETE 	 Sample Collection, Physical 
 Measurements, Process
 Measurements 

John Lindstedt, Artistic    Testing Site Contact 

Jaime Maliszewski, Elite Testing Site Contact 

Matthew Kirchner, ABQC Testing Site Contact 

Jim Greenwell, Reliable Testing Site Contact 

Chicago Plastics Mesh Pad Supplier 

Serfilco Eductor Supplier 

Section 3.0 PROCEDURE 

General Approach and Testing Methodology 

Three (3) test runs were conducted on each of the twenty-three (23) different nickel plating 
operations/conditions listed in Table 1 in order to measure the nickel concentration in the air 
emitted from each of these processes.  Twenty (20) of the tests were conducted in accordance 
with EPA-Approved Method 29 of 40 CFR Part 60 Appendix A-8 (A copy of Method 29 is 
included in Appendix A). All applicable operating parameters were observed and recorded 
throughout the tests (i.e current density, temperature of plating solution, amperage, plating 
solution concentration, tank dimensions, etc.).   

The nickel emissions from the remaining three (3) processes/conditions were measured in 
accordance with Method 306A of 40 CFR Part 63, Appendix A (with a couple of minor 
deviations detailed in Section 4.0). A copy of Method 306A of 40 CFR Part 63 Appendix A 
is included in Appendix B of this QAPP. The purpose of these tests was to compare the 
results obtained from Method 29 and Method 306A. 
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The stack sampling was conducted during normal plating operations at the selected facilities. 
Since normal plating operations at job-shop electroplating facilities are inherently non-steady 
state, the stack sampling did not rely on steady state conditions of the plating operations.   

In order to ensure that the ventilation systems on each of the nickel plating processes were 
operating efficiently (capturing and exhausting all of the nickel emissions from the process), 
the ambient air near each process was also monitored/tested during the test runs.  The 
ambient air was tested with two (2) OSHA-approved internal air monitors at each of the 
processes. The arithmetic mean of the two results was compared to OSHA worker exposure 
limits for nickel in order to grade the efficiency of the ventilation systems.  If the average 
nickel concentration in the ambient air was below OSHA worker exposure limits for nickel, 
the ventilation system for that specific process was deemed efficient.  

Sampling/Monitoring Points 

1) Sampling Port Locations for Nickel Emissions Testing 
The locations of the sampling ports in the exhaust stacks of each of the five 
individual nickel plating processes were determined in accordance with 
Section 8.1.2 of Method 29 of 40 CFR Part 60 Appendix A-8.  Section 8.1.2 
of Method 29 references Section 8.2.1 of Method 5 of 40 CFR Part 60 
Appendix A which further references Method 1 of 40 CFR Part 60 Appendix 
A. Section 11.0 of Method 1 states that the sampling ports must be positioned 
at least two (2) stack or duct diameters downstream and a half diameter 
upstream from any flow disturbance.  The exhaust systems from all five nickel 
plating testing sites were constructed so that they met this sampling port 
location requirement. 

The sampling point locations were recorded into the field log sheets included 
with Appendix D of this report. 

2) Traverse Point Locations for Nickel Emissions Testing 
The location of the sampling (traverse) points within the exhaust stacks of 
each of the five individual nickel plating processes were determined in 
accordance with Section 11.0 of Methods 1 and 1A of 40 CFR Part 60 
Appendix A. Method 1 is to be used for ducts with diameters greater than 12 
inches. Method 1A is to be used for round ducts with a diameter less than 12 
inches. The traverse point locations were documented and recorded on the 
field log sheets located in Appendix D of this report. 

3) Location of Ambient Air Monitors 
The ambient air monitors used to determine the effectiveness of the 
ventilation systems of each of the five nickel plating processes were 
positioned on stands or taped to columns at the perimeter of the nickel plating 
tanks. 

4) Frequency of the Sampling Events: 
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Three (3) stack tests were conducted at each of the 29 testing conditions listed 
in Table 1 with the exception of Condition 13 in which processing problems 
limited the testing to one (1) stack test (See page 32 for a detailed 
explanation). Otherwise, all three test runs were conducted within the same 
day under similar operating conditions. 

Section 4.0 DISCUSSION OF SAMPLING/ANALYTICAL PROCEDURES 

Sampling Procedures 

The sampling procedures described in Section 8.0 of EPA Method 29 of 40 CFR Part 60 
Appendix A-8 (which further references Section 8.5 of Method 5 of 40 CFR Part 60 
Appendix A-3) were followed when sampling the air emitted from twenty (20) of the twenty 
three nickel plating process scenarios listed in Table 1 for Phase 2.  A copy of Method 5 of 
40 CFR Part 60 Appendix A-3 was included in Appendix G of the approved QAPP. 

The following parameters were recorded from each nickel plating processes throughout the 
testing/sampling: 

- Temperature of Plating Solution 
- Current Density (where applicable) 
- Plating Bath Concentration, including surface tension 
- Tank Dimensions 
- Amperage/Voltage (where applicable) 
- Types of Parts being Plated 
- Plating Time 
- Freeboard Height 
- Air Agitation Rate (where applicable) 
- Solution Circulation Rate 

After the samples were collected from each test run, each sample container was marked with 
the following data: 

- Nickel Plating Process Type 
- Site Location 
- Date 
- Run # 

Scientific Control Laboratories was responsible for completing the chain of custodies for all 
the samples taken at the site(s).  The samples were in the custody of Scientific Control 
personnel at all times from each site to the Scientific Control Laboratories where they were 
analyzed for nickel. There was no splitting of the samples.  Scientific Control Laboratories 
was responsible for all sampling and analysis.  Environmental Technology and Engineering 
was subcontracted to supply the sampling equipment and calibration of sampling equipment. 
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Stack Testing Using USEPA Method 306A 

The sampling procedure described in Section 8.0 of EPA Method 306A of 40 CFR Part 63 
Appendix A (Included in Appendix C of approved QAPP) was followed when sampling the 
air emitted from three of the twenty three nickel plating process scenarios listed in Table 1 
(with the exception of the minor deviations listed below)..   

The following factors were recorded from the nickel plating processes throughout the 
Method 306A testing/sampling: 

-	 Temperature of Plating Solution 
-	 Plating Bath Concentration 
-	 Tank Dimensions 
-	 Types of Parts being Plated 
-	 Freeboard 
-	 Air Agitation Rate (where applicable) 
-	 Solution Circulation Rate 

After the samples were collected from each test run, each sample container was marked with 
the following data: 

-	 Nickel Plating Process Type 
-	 Site Location 
-	 Date 
-	 Run # 

Scientific Control Laboratories, Inc. (SCL) was responsible for completing the chain of 
custodies for all the 306A samples taken at the site.  The samples were in the custody of SCL 
personnel at all times from the site to the SCL laboratory  where they were analyzed for 
nickel. There will be no splitting of the samples. SCL was responsible for all sampling and 
analysis; there were no subcontractors involved in this part of the project. 

Modifications to Sampling Procedures in Method 306A 

There were a few deviations to the EPA-Approved Method 306 A Procedure for this project. 
These modifications were discussed in the approved Quality Assurance Project Plan (QAPP) 
and include the following:  

1) 	 Section 8.1.1.9.1 B Instead of using 0.1N NaOH or 0.1N NaHCO3 as absorbing solution 
in the first impinger of the sampling train, a mixture of 5% HNO3 and 10% H2O2 was 
used. This absorbing solution is the recommended absorbing solution for nickel as 
stipulated in EPA-Approved Method 29 of Appendix A of 40 CFR Part 60.  

2) 	 The current Method 306A (dated October 17, 2000) is a revision of the original version 
of Method 306A (dated January 25, 1995). The author of the original method (Frank 
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Clay of the USEPA) has been very critical of the new method.  Mr. Clay has written an 
article, A Revised Method 306A- Second Review and Critique, that details the errors, 
omissions, and superfluous material that are found in the new 306A Method and offers 
some recommendations on how to improve the current method.  After reading Mr. Clay’s 
article and based on our experience of performing Method 306A, Scientific Control 
Laboratories concurred with Mr. Clay’s opinion and included the following applicable 
recommendations (minor deviations) when using Method 306A.   

1.	 A rocker switch was used to start and stop the sampling train instead of a bypass 
valve. 

2.	 All runs were performed in a single day. 
3.	 The cotton ball in the third impinger was omitted from the sampling train. 
4.	 When recovering the sample, the tubing and nozzle (and the tubing between the first 

and second impinger) was rinsed three times in each direction with the absorbing 
solution instead of two. 

A copy of Mr. Clay’s article that justifies these recommendations is located in Appendix D of 
the approved QAPP. It is SCL’s opinion that these proposed modifications are minor 
deviations that, in no way, affected the accuracy of the sampling results. 

Ambient Air Monitoring 

The sampling procedures as detailed in Section 5 (specifically Method 5.4) of OSHA-
Approved Method ID-121 were followed when monitoring the internal air near the five (5) 
nickel plating processes. This sampling was conducted during all twenty-three (23) tests.  A 
copy of OSHA Method ID-121 is included in Appendix F of the QAPP.  Scientific Control 
Laboratories calibrated the air sampling pumps prior to each sampling. 

Method 29 and Method 306A Field Blanks 

Field Blanks were used to determine the quantity, if any, of nickel contamination in the 
virgin scrubbant (HNO3/H2O2) and rinse (HNO3) materials.  The scrubbant material is used 
to capture the nickel emitted from the various nickel plating processes.  The rinse material is 
used to rinse the probe and scrubbers after the testing.  The nickel concentration present in 
the virgin scrubbant and rinse materials, if any, is subtracted from the nickel concentrations 
obtained from the actual testing. 

Before testing, batches of virgin scrubbant and rinse materials were formulated at Scientific 
Control Laboratories. 

Laboratory Analyses 

The samples obtained from the stack testing were analyzed for nickel in accordance with the 
methods detailed in Section 11.0 of Method 29 of 40 CFR Part 60 Appendix A or Section 11 
of Method 306A of 40 CFR Part 63 Appendix A.  The analyses were conducted by Atomic 
Absorption-AA (Section 11.1.2 of Method 29). Only total nickel emissions were measured 
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from the various nickel plating processes using Method 29.  Particulates were not measured 
as part of this project. 

The samples obtained from the OSHA internal air monitoring were analyzed for nickel in 
accordance with Section 6 of OSHA-Approved Method ID-121.  The analyses were 
performed by ICAP-AES.  

The QA/QC program(s) described in Sections 9.0 and 10.0 of Method 29 of 40 CFR Part 60 
Appendix A-8 and Method 306A of 40 CFR Part 63 Appendix A were followed when 
sampling the nickel plating system stacks.  The QA/QC program described in Sections 9.0 
and 10.0 of Method 29 of 40 CFR Part 60 Appendix A were followed when analyzing the 
resultant samples for nickel. 

The laboratory QA/QC data for the stack testing samples is included in Appendix E of this 
report. 

The QA/QC program described in Section 6 of OSHA-Approved Method ID-121 was 
followed when analyzing the filter samples from the internal air monitoring for nickel.  The 
laboratory QA/QC data for the ambient air samples is included in Appendix F of this report. 

Section 5.0 SUMMARY OF RESULTS 

The results of the project are presented in the following tables: 

Table 3. Summary of Nickel Emissions Obtained from Phase 1 and Phase 
2 Stack Testing 

Table 4. Comparison of Nickel Emissions (Air Agitation versus Eductors) 

Table 5. Effects of Wetting Agents on Nickel Emissions 

Table 6. Effects of Mesh Pads on Nickel Emissions 

Table 7. Effects of Barrel Transfer on Nickel Emissions from Watts Nickel 
Barrel Plating 

Table 8. Effects of Product Loading on Nickel Emissions from Electroless 
Nickel Plating 

Table 9. Nickel Emissions Method 29 Compared to Method 306A 

Table 10A-10E 
Operating Parameters Observed During Stack Testing for Nickel 
Emissions 

Table 11. 	 Ambient Air Nickel Concentrations Observed During Stack 
Testing 
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The data presented in Table 3 is the actual nickel emission concentrations from each of the 
three (3) individual test runs from all twenty-nine conditions (29) that were tested (including 
the six conditions tested as part of Phase 1).  The nickel emission concentrations were 
calculated using the analytical data obtained in accordance with the Method 29 Stack Testing 
procedure (or the equivalent Method 306A Stack Testing Procedure) and were performed in 
accordance with Section 12 of Method 29 of 40 CFR Part 60 Appendix A-8 (or the equivalent 
Section 12 of Method 306A depending on which method was used for the sampling).  The data 
used for these calculations for the twenty-three Phase 2 testing conditions is included in 
Appendix A of this report. The data used for the calculations for the six Phase 1 testing 
conditions is included in Appendix A of the Final Phase 1 Report.  The average of the three (3) 
test runs for each of the twenty-nine (29) conditions is also reported in Table 3. 

The data presented in Table 4 summarizes the effects of air agitation versus eductors on nickel 
emissions in electroless nickel, Watts nickel, and nickel sulfamate solutions based on the 
testing comparison protocol listed in Table 2. 

The data presented in Table 5 summarizes the effects of wetting agents on nickel emissions in 
Watts nickel, nickel sulfamate, and Woods nickel strike solutions based on the testing 
comparison protocol listed in Table 2. 

The data presented in Table 6 summarizes the effects of mesh pads on nickel emissions in 
electroless nickel, Watts nickel, nickel sulfamate, and Woods nickel strike solutions based on 
the testing comparison protocol listed in Table 2. 

The data presented in Table 7 summarizes the effects of barrel transfer on nickel emissions 
from Watts nickel barrel plating based on the testing comparison protocol listed in Table 2. 

The data presented in Table 8 summarizes the effects of product loading on nickel emissions 
from Electroless Nickel Plating based on the testing comparison protocol listed in Table 2. 

The data presented in Table 9 are the stack test results obtained from testing the same process 
(electroless nickel, Watts nickel, nickel sulfamate, and Woods nickel strike) using two different 
sampling procedures (EPA Method 29 and EPA Method 306A). 

The data presented in Table 10A through 10E are the individual nickel plating process 
operating parameters that were recorded during the stack tests.  

The data presented in Table 11 are the ambient air nickel concentrations as calculated using the 
analytical data obtained in accordance with OSHA-Approved Method ID-121.  These 
calculations were performed in accordance with Section 7 of OSHA-Approved Method ID-
121. The OSHA eight (8) hour, time-weighted average PEL for nickel is also included in the 
table for comparison purposes. The data used for these calculations are included in Appendix B 
of this report. 
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    Surface Tension/   Air Agitation/ Tank Results (mg/dscm) 
# Process   Wetting Agent** Mesh Pad Eductor Loading Run #1 Run #2 Run #3 Average 

1* Electroless Nickel  Low  0.478 0.126 0.220 0.275 
2* Electroless Nickel (306A) NA  Low  0.060 0.311 0.381 0.251 
3 Electroless Nickel  0.011 0.006 0.005 0.007 
4 
5 
6 

Electroless Nickel 
Electroless Nickel NA 
Electroless Nickel 

NA 

No 
NA No 

Yes 
No 

Air 
Air 
Air 

 Eductor
 Eductor

Air 
High 

 High 
 High 

High 

 0.024 
 0.142 

0.124

0.012 
0.192 

 0.313

0.004 
0.111 

 0.505 

0.013 
0.148 
0.314 

8* Rack Watts (bright) NA  Yes (38) Yes 
9* Rack Watts (bright) NA  Yes (38) No  Eductor  High 

 0.048 
 0.016 

0.044 
0.027 

0.032 
0.028 

0.041 
0.024 

10 Rack Watts (bright)  No (58)  Yes  Eductor  High  0.043 0.003 0.016 0.021 
11 Rack Watts (bright)  No (57)  Yes 
12 Rack Watts (bright)  No (57) No  No 
13 Rack Watts (bright)  Yes (42) No 

Air High 
 Eductor  High 

 0.057 
 0.051 
 0.015 

0.012 
0.133 
NA 

0.005 
0.056 
NA 

0.025 
0.080 
0.015 

14 Rack Watts (bright)  Yes (37) 
15 Rack Watts (bright) (306A) Yes (37) Yes Air 

Air 
Air High 

High 
High 

 0.003 
0.014 

0.004 
0.008 

0.003/0.037/0.008 
0.012 

0.011 
0.011 

16* Barrel Watts (dull)  Yes (34) Yes 
17* Barrel Watts (bright)  No (57) Yes  No Air High 

 0.080 
 0.975 

0.061 
1.495 

0.118 
0.921 

0.086 
1.130 

18 Barrel Watts (dull)  No (68)  Yes  0.009 <0.005 0.023 0.012 
19 Barrel Watts (dull)*** No (68)  No 
20 Barrel Watts (dull)  Yes (31) No 
21 Barrel Watts (dull)*** Yes (31) 

NA 
NA 
NA 

High 
High 
High 

 0.056 
 0.009 
 0.023 

0.019 
0.004 
0.007 

0.228 
0.012 
0.009 

0.101 
0.008 
0.013 

22 Rack Sulfamate  Yes (39) 
23 Rack Sulfamate  Yes (44) Yes 
25 Rack Sulfamate  Yes (44) No 

NA 
NA 
NA 

High 
 Eductor High 
 Eductor High 

 High 
 High 

 0.022 
 0.018 
 0.004 

0.011 
0.013 
0.006 

0.010 
0.020 
0.006 

0.014 
0.017 
0.005 

26 Rack Sulfamate (306A) Yes (35) 
No Air High 

 0.031 0.061 0.053 0.048 

27 Woods Strike (Rack)  No (73) No  No 
28 Woods Strike (Rack)  Yes (30s) Yes 
7 Woods Strike (Rack)  No (61) No  Yes Air High 

 0.614 
 0.129 
 0.063 

0.282 
0.162 
0.081 

0.515 
0.252 
0.236 

0.470 
0.181 
0.127 

24 Woods Strike (Rack)  Yes (30s) 
29 Woods Strike (Rack) (306A) Yes (40-50s) No 

No 
NA 
NA 

NA High 
High 

High 
 0.048 

0.400 
0.077 
0.165 

0.071 
0.218 

0.065 
0.261 

*     Phase 1 NA High 
** Yes The units for the surface tension value in the parenthesis is dynes/cm NA High 
*** Absolutely no barrel transfer during testing 

TABLE 3 
Summary of Nickel Emissions Obtained from Phase 1 and Phase 2 Stack Testing 
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Table 4 

Comparison of Nickel Emissions (Air Agitation versus Eductors)


Process: Air Agitation Eductors 

Electroless Nickel 
(No Mesh Pad) 
6 vs 5 

0.124 
0.313 
0.505 
0.314 

0.142 
0.192 
0.111 
0.148 

Electroless Nickel 
(Mesh Pad) 
3 vs 4 

0.011 
0.006 
0.005 
0.007 

0.024 
0.012 
0.004 
0.013 

Rack Watts 
(No Mesh Pad, Wetting Agent) 
8 vs 9 

0.048 
0.044 
0.032 
0.041 

0.016 
0.027 
0.028 
0.024 

Rack Watts 
(Mesh Pad, No Wetting Agent) 
11 vs 10 

0.057 
0.012 
0.005 
0.025 

0.043 
0.003 
0.016 
0.021 

Rack Watts 
(Mesh Pad, Wetting Agent) 
14 vs 13 

0.003 
0.004 

0.003/0.037/0.008 
0.011 

0.015 
NA 
NA 

0.015 

Rack Sulfamate 
(No Mesh Pad, Wetting Agent) 
22 vs 23 

0.022 
0.011 
0.010 
0.014 

0.043 
0.003 
0.016 
0.017 

Results reported in mg/dscm 
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Table 5 

Effects of Wetting Agents on Nickel Emissions


Process: No Wetter  Wetter 

Rack Watts 
(No Mesh Pad, Air) 
12 vs 8 

0.051 
0.133 
0.056 
0.080 

0.048 
0.044 
0.032 
0.041 

Rack Watts 
(Mesh Pad, Eductor) 
10 vs 13 

0.043 
0.003 
0.016 
0.021 

0.015 
NA 
NA 
0.015 

Rack Watts 
(Mesh Pad, Air) 
11 vs 14 

0.057 
0.012 
0.005 
0.025 

0.003 
0.004 

0.003/0.037/0.008 
0.011 

Barrel Watts 
(No Mesh Pad) 
17 vs 16 

0.975 
1.495 
0.921 
1.130 

0.080 
0.061 
0.118 
0.086 

Barrel Watts 
(Mesh Pad) 
18 vs 20 

0.009 
<0.005 

0.023 
0.012 

0.009 
0.004 
0.012 
0.008 

Barrel Watts 
(No Mesh Pad, No Transfer) 
19 vs 21 

0.056 
0.019 
0.228 
0.101 

0.023 
0.007 
0.009 
0.013 

Wood Strike 
(No Mesh Pad) 
27 vs 28 

0.614 
0.252 
0.515 
0.470 

0.129 
0.162 
0.252 
0.181 

Wood Strike 
(Mesh Pad) 
7 vs 24 

0.063 (0.089)* 
0.081 (0.159)* 

0.236 
0.127 (0.161)* 

0.048 
0.047 
0.071 
0.065 

Results reported in mg/dscm 
* Results adjusted to compensate for cfm difference between Condition 7 and 24 (See Table 
10E) 
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Table 6 

Effects of Mesh Pads on Nickel Emissions


Process: No Mesh Pad Mesh Pads 

Electroless Nickel 0.142 0.024 
(Eductor) 0.192 0.012 
5 vs 4 0.111 0.004 

0.148 0.013 

Electroless Nickel 0.124 0.011 
(Air) 0.313 0.006 
6 vs 3 0.505 0.005 

0.314 0.007 

Rack Watts 0.051 0.057 
(No Wetting Agent, Air) 0.133 0.012 
12 vs 11 0.056 0.005 

0.080 0.025 

Rack Watts 0.016 0.015 
(Wetting Agent, Eductor) 0.027 NA 
9 vs 13 0.028 NA 

0.024 0.015 

Rack Watts 0.048 0.003 
(Wetting Agent, Air) 0.046 0.004 
8 vs 14 0.032 0.003/0.037/0.008 

0.041 0.011 

Barrel Watts 0.080 0.009 
(Wetting Agent) 0.061 0.004 
16 vs 20 0.118 0.012 

0.086 0.008 

Barrel Watts 0.975 0.009 
(No Wetting Agent) 1.495  <0.005 
17 vs 18 0.921 0.023 

1.130 0.012 

Nickel Sulfamate 0.018 0.004 
(Wetting Agent, Eductor) 0.013 0.006 
23 vs 25 0.020 0.006 

0.017 0.005 

Wood Strike 0.614 0.063 (0.089)* 
(No Wetting Agent) 0.282 0.081 (0.159)* 
27 vs 7 0.515 0.236 

0.470 0.127 (0.161)* 

Wood Strike 0.129 0.048 
(Wetting Agent) 0.162 0.077 
28 vs 24 0.252 0.071 

0.181 0.065 
Results reported in mg/dscm 
* Results adjusted to compensate for cfm difference between Condition 7 and 27 (See Table 10E) 
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Table 7 

Effects of Barrel Transfer on Nickel Emissions from Watts Nickel Barrel Plating


Process: Barrel Transfer No Barrel Transfer 

Barrel Watts 
(No Wetting Agent) 
17 vs 19 

0.975 
1.495 
0.921 
1.130 

0.056 
0.019 
0.228 
0.101 

Barrel Watts 
(Wetting Agent) 
16 vs 21 

0.080 
0.061 
0.118 
0.086 

0.023 
0.007 
0.009 
0.013 

Results reported in mg/dscm 
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Table 8 

Effects of Product Loading on Nickel Emissions from Electroless Nickel Plating


Process: Low Tank Loading High Tank Loading 

Electroless Nickel 
(No Mesh Pad) 
1 vs 6 

0.478 (0.290)* 
0.126 (0.078)* 
0.220 (0.135)* 
0.277 (0.167)* 

0.124 
0.313 
0.505 
0.314 

Results reported in mg/dscm 
* Results adjusted to compensate for cfm difference between Condition 1 and 6 (See Table 10A) 
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Table 9 

Nickel Emissions Method 29 Compared to Method 306A


Process: Method 29 Method 306A 

Electroless Nickel 
(No Mesh Pad) 
1 vs 2 

0.478 
0.126 
0.220 
0.277 

0.080 
0.311 
0.381 
0.251 

Rack Watts 
(Wetting Agent, Mesh Pad, Air) 
14 vs 15 0.

0.003 
0.004 

003/0.037/0.008 
0.011 

0.014 
0.008 
0.012 
0.011 

Rack Sulfamate 
(Wetting Agent,  No Mesh Pad) 
22 vs 26 

0.022 
0.011 
0.010 
0.014 

0.031 
0.061 
0.053 
0.048 

Wood’s Strike 
(Wetting Agent, No Mesh Pad) 
28 vs 29 

0.129 
0.162 
0.252 
0.181 

0.400 
0.165 
0.218 
0.216 

Results reported in mg/dscm 

21




Table 10A. Operating Parameters Observed During Stack Testing of Electroless Nickel Process 

Surface 
Tension 

Nickel Content 
(oz/gal) 

Time Actual 
Plating (min)* 

# of 
Parts 

Freeboard  
Height (in)** 

Average Surface Ventilation 
Area Plated (ft2) (cfm) 

Emissions 
 (mg/m3) 

Condition 1, Run #1*** 35.0 0.77 30 88 4 25.7 1,214 0.478 
Condition 1, Run #2*** 35.0 0.77 12 40 3 5.56 1,240 0.126 
Condition 1, Run #3*** 35.0 0.77 12 166 3 23.0 1,227 0.220 

Condition 2, Run #1*** 39.1 0.85 90 3 3 0.52 NA 0.060 
Condition 2, Run #2*** 39.1 0.85 60 1080 4 13.0 NA 0.311 
Condition 2, Run #3*** 39.1 0.85 0 0 4 0 NA 0.381 

Condition 3, Run #1 68.7 0.81 115 72-416 8 5.8-22.3 1,776 0.011 
Condition 3, Run #2 68.7 0.81 115 108-126 8 27-31.5 1,860 0.006 
Condition 3, Run #3 68.7 0.81 105 1-126 8 12-31.5 1,860 0.005 

Condition 4, Run #1 68.7 0.81 120 2,400 8 17.7 1,999 0.024 
(barrel) 

Condition 4, Run #2 68.7 0.81 120 2,400 8 17.7 2,023 0.012 
(barrel) 

Condition 4, Run #3 68.7 0.81 120 2,400 8 17.7 2,037 0.004 
(barrel) 

Condition 5, Run #1 68.7 0.81 120 1**** 8 12.0 2,003 0.142 
Condition 5, Run #2 68.7 0.81 120 1**** 8 12.0 2,003 0.192 
Condition 5, Run #3 68.7 0.81 120 1**** 8 12.0 2,027 0.111 

Condition 6, Run #1 68.7 0.81 114 15-100 8 3-16 2,039 0.124 
Condition 6, Run #2 68.7 0.81 120 1**** 8 12.0 1,984 0.313 
Condition 6, Run #3 68.7 0.81 120 1**** 8 12.0 1,929 0.505 

* Out of 120 minute testing period 
** Measured from vent to solution level (or foam blanket level, if applicable) 
*** Phase 1 Testing 
****1 Dummy Part 
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Table 10B. Operating Parameters Observed During Stack Testing of Rack Watts Nickel Process 

Current Density Time Actual Surface Freeboard  
Amps (Amps/ft2) Plating (min)* Tension*** Height (in)** 

Ave Surface 
Area Plated (ft2) 

Nickel
 Content 

Ventilation 
(cfm) 

Emissions 
(mg/m3) 

Condition 8, Run #1**** 295 42.9 100 38 9-10.5 7.0 10.9 261 0.048 
Condition 8, Run #2**** 300 42.9 100 38 9.5-10.5 7.0 10.9 271 0.044 
Condition 8, Run #3**** 300 42.1 100 38 9.5 7.0 10.9 264 0.032 

Condition 9, Run #1**** 288 41.1 100 38 9.5 7.0 10.9 272 0.016 
Condition 9, Run #2**** 280 39.4 100 38 9.5 7.0 10.9 275 0.027 
Condition 9, Run #3**** 276 40.0 100 38 9.5 7.0 10.9 262 0.028 

Condition 10, Run #1 210 20-26 88 58 9 8.0-10.5 9.4 2,190 0.043 
Condition 10, Run #2 210 20-45 84 58 9 4.5-10.5 9.4 2,200 0.003 
Condition 10, Run #3 210 30 86 58 9 7.0 9.4 2,171 0.016 

Condition 11, Run #1 230 28.8 100 57 9 8.0 8.2 2,168 0.057 
Condition 11, Run #2 210 20.0 100 57 9 10.5 8.2 2,184 0.012 
Condition 11, Run #3 210 20-26 88 57 6 8.0-10.5 8.2 2,193 0.005 

Condition 12, Run #1 240 25.7 109 57 9 9.3 8.2 2,350 0.051 
Condition 12, Run #2 240 25.7 105 57 9 9.3 8.2 2,362 0.133 
Condition 12, Run #3 180  95 57 9 8.2 2,355 0.056 

Condition 13, Run #1 130 18.6 114 42 9 7.0 9.6 2,158 0.015 
Condition 14, Run #4 130 18.6 101 42 9 7.0 9.6 2,161 0.037 
Condition 14, Run #5 130-180 100 42 9 9.6 2,159 0.008 

Condition 14, Run #1 125-200 17-20 105 37 9 7.4-11.7 11.4 2,114 0.003 
Condition 14, Run #2 120-200 17-20 96 37 9 6-11.7 11.4 2,112 0.004 
Condition 14, Run #3 0 0 0 37 9 0 11.4 2,129 0.003 

Condition 15, Run #1 200 17 98 37 9 11.7 11.4 NA 0.014 
Condition 15, Run #2 200-240 17-20 92 37 9 11.7-12.0 11.4 NA 0.008 
Condition 15, Run #3 120-240 20-30 96 37 9 4.0-12.0 11.4 NA 0.012 

* Out of 120 minute testing period 
** Measured from vent to solution level (or foam blanket level, if applicable) 
*** dynes/cm measured with tensiometer. 
**** Phase 1 Testing 
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Table 10C. Operating Parameters Observed During Stack Testing of Barrel Watts Nickel Process 

Surface Current Density Amps Time Actual # of 
Tension (Amps/ft2) Plating (min)* Barrels*** 

Freeboard 
Height (in)** 

Ave Surface 
Area Plated (ft2) 

Nickel 
Content 

Ventilation  
  (cfm) 

Emissions 
(mg/m3) 

Condition 16, Run #1**** 34 3.35-3.78 480-540 110 3 5 143 8.4 1,738 0.080 
Condition 16, Run #2**** 34 3.50-3.72 500-560 105 3 5 143 8.4 1,748 0.061 
Condition 16, Run #3**** 34 3.50-3.72 500-560 107 2 5 143 8.4 1,782 0.118 

Condition 17, Run #1**** 57 1.82 700 117 2 8.0 384 9.8 1,752 0.975 
Condition 17, Run #2**** 57 1.82 700 114 3 8.5 384 9.8 1,603 1.495 
Condition 17, Run #3**** 57 1.82-2.46 600-700 113 3 9 244-384 9.8 1,608 0.721 

Condition 18, Run #1 68 5.28-7.46 300-400 110 4 8 40-76 8.3 1,081 0.009 
Condition 18, Run #2 68 5.28 400 118 3 8 76 8.3 1,545 <0.005 
Condition 18, Run #3 68 5.28 400 118 3 8 76 8.3 1,642 0.023 

Condition 19, Run #1 68 5.28 400 120 1 8 76 8.3 1,778 0.056 
Condition 19, Run #2 68 5.28 400 120 1 8 76 8.3 1,674 0.019 
Condition 19, Run #3 68 5.28 400 120 1 8 76 8.3 1,542 0.228 

Condition 20, Run #1 31 1.56-16.9 100-600 88 5 8 36-322 8.4 1,463 0.009 
Condition 20, Run #2 31 5.28 400 106 3 8 76 8.4 1,521 0.004 
Condition 20, Run #3 31 5.28 400 116 3 8 76 8.4 1,462 0.012 

Condition 21, Run #1 31 5.28 400 120 1 8 76 8.4 1,621 0.023 
Condition 21, Run #2 31 5.28 400 120 1 8 76 8.4 1,661 0.007 
Condition 21, Run #3 31 5.28 400 120 1 8 76 8.4 1,597 0.009 

* Out of 120 minute testing period 
** Measured from vent to solution level (or foam blanket level, if applicable) 
*** Number of barrels plated during testing time period. 
**** Phase 1 Testing 
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Table 10D. Operating Parameters Observed During Stack Testing for Rack Nickel Sulfamate Process 

Current Density 
(Amps/ft2) 

Time Actual 
Plating (min) 

Surface 
Tension*** 

Freeboard  
Height (in)** 

 Average Surface 
Area Plated (ft2) 

Nickel
Content 

Ventilation 
  (cfm) 

Emissions 
 (mg/m3) 

Condition 22, Run #1 39.6-61.9 96 39 8 14.7-26.6 8.59 3,789 0.022 
Condition 22, Run #2 31.9-75.5 96 39 9 5.56-26.6 8.59 3,950 0.011 
Condition 22, Run #3 27.5-66.9 96 39 9 14.7-26.4 8.57 3,815 0.010 

Condition 23, Run #1 35.1-61.9 98 44 9 9.4-24.0 7.73 4,237 0.018 
Condition 23, Run #2 34.8-56.3 90 44 9 17.8-23.0 7.73 4,011 0.013 
Condition 23, Run #3 37.2-61.9 64 44 9 9.4-24.50 7.73 4,024 0.020 

Condition 25, Run #1 26.4-59.7 75 44 9 9.40-22.7 7.73 3,706 0.004 
Condition 25, Run #2 27.7-47.7 45 44 9 9.40-24.0 7.73 3,568 0.006 
Condition 25, Run #3 41.7 99 44 9 24.0 7.73 3,639 0.006 

Condition 26, Run #1 35-61.9 88 35 9 9.4-26.6 8.51 NA 0.031 
Condition 26, Run #2 16.9-49.5 77 35 9 9.4-24.0 8.51 NA 0.061 
Condition 26, Run #3 25-61.9 85 35 9 17.8-26.6 8.51 NA 0.053 

* Out of 120 minute testing period 
** Measured from vent to solution level (or foam blanket level, if applicable) 
*** dynes/cm measured with tensiometer. 

25




Table 10E. Operating Parameters Observed During Stack Testing for Wood’s Nickel Strike Process 

Current Density 
(Amps/ft2) 

Time Actual 
Plating (min)* 

Surface 
Tension*** 

Freeboard 
Height (in)** 

 Ave Surface
Area Plated (ft2) 

Nickel
  Content 

Ventilation 
(cfm) 

Emissions 
(mg/m3) 

Condition 7, Run #1 25.6 120 61 8.5 12.5 3.17 1,155 0.063 
Condition 7, Run #2 25.6 120 61 8.5 12.5 3.17 1,610 0.081 
Condition 7, Run #3 25.6 120 61 8.5 12.5 3.17 818 0.236 

Condition 24, Run #1 25.6 120 37-40 8.5 12.5 3.34 850 0.048 
Condition 24, Run #2 25.6 120 37-40 8.5 12.5 3.34 886 0.077 
Condition 24, Run #3 25.6 120 37-40 8.5 12.5 3.34 867 0.071 

Condition 27, Run #1 4.9-25.6 119 73 8.5 12.5-51.3 2.43 872 0.614 
Condition 27, Run #2 25.6 120 73 8.5 12.5 2.43 859 0.282 
Condition 27, Run #3 25.6 120 73 8.5 12.5 2.43 879 0.515 

Condition 28, Run #1 25.6 120 37-40 8.5 12.5 1.62 860 0.129 
Condition 28, Run #2 25.6 120 37-40 8.5 12.5 1.62 887 0.162 
Condition 28, Run #3 25.6 120 37-40 8.5 12.5 1.62 892 0.252 

Condition 29, Run #1 25.6 120 40-50 8.5 12.5 1.62 NA 0.400 
Condition 29, Run #2 25.6 120 40-50 8.5 12.5 1.62 NA 0.165 
Condition 29, Run #3 25.6 120 40-50 8.5 12.5 1.61 NA 0.218 

* Out of 120 minute testing period 
** Measured from vent to solution level (or foam blanket level, if applicable) 
*** dynes/cm measured with tensiometer. 
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Table 11. Ambient Air Nickel Concentrations 

OSHA Nickel 
Nickel Concentration 
Ambient Air (mg/m3)

Concentration Adequate 
 Limit (mg/m3)  Ventilation 

Condition 3 (Reliable – East) 0.0062 1.00 Yes 
Condition 3 (Reliable – West) 0.0053 1.00 Yes 

Condition 4 (Reliable – East) 0.0060 1.00 Yes 
Condition 4 (Reliable – West) 0.0053 1.00 Yes 

Condition 5 (Reliable – East) 0.0069 1.00 Yes 
Condition 5 (Reliable – West) 0.0063 1.00 Yes 

Condition 6 (Reliable – East) 0.0156 1.00 Yes 
Condition 6 (Reliable – West) 0.0122 1.00 Yes 

Condition 10 (ABQC – East) 0.0065 1.00 Yes 
Condition 10 (ABQC – West) 0.0012 1.00 Yes 

Condition 11 (ABQC – East) 0.0199 1.00 Yes 
Condition 11 (ABQC – West) 0.0029 1.00 Yes 

Condition 12 (ABQC – East) 0.0657 1.00 Yes 
Condition 12 (ABQC – West) 0.0074 1.00 Yes 

Condition 13 (ABQC – East) 0.0694 1.00 Yes 
Condition 13 (ABQC – West) 0.0047 1.00 Yes 

Condition 14 (ABQC – East) 0.0062 1.00 Yes 
Condition 14 (ABQC – West) 0.0043 1.00 Yes 

Condition 15 (ABQC – East) 0.0041 1.00 Yes 
Condition 15 (ABQC – West) 0.0013 1.00 Yes 

Condition 18 (Artistic – North) 0.0025 1.00 Yes 
Condition 18 (Artistic – South) 0.0031 1.00 Yes 

Condition 19 (Artistic – North) 0.0004 1.00 Yes 
Condition 19 (Artistic – South) 0.0004 1.00 Yes 

Condition 20 (Artistic – North) 0.0011 1.00 Yes 
Condition 20 (Artistic – South) 0.0009 1.00 Yes 
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Table XI. Ambient Air Nickel Concentrations (Cont.) 

OSHA Nickel 
Nickel Concentration Concentration Adequate 
Ambient Air (mg/m3) Limit (mg/m3)  Ventilation 

Condition 21 (Artistic – North) 0.0008 1.00 Yes 
Condition 21 (Artistic – South) 0.0008 1.00 Yes 

Condition 22 (Elite – North) 0.0026 1.00 Yes 
Condition 22 (Elite – South) 0.0046 1.00 Yes 

Condition 23 (Elite – North) 0.0036 1.00 Yes 
Condition 23 (Elite – South) 0.0089 1.00 Yes 

Condition 25 (Elite – North) 0.0014 1.00 Yes 
Condition 25 (Elite – South) 0.0017 1.00 Yes 

Condition 26 (Elite – North) 0.0064 1.00 Yes 
Condition 26 (Elite – South) 0.0064 1.00 Yes 

Condition 7 (Artistic – East) 0.1259 1.00 Yes 
Condition 7 (Artistic – West) 0.0139 1.00 Yes 

Condition 24 (Artistic – East) 0.0676 1.00 Yes 
Condition 24 (Artistic – West) 0.0120 1.00 Yes 

Condition 27 (Artistic – East) 0.3085 1.00 Yes 
Condition 27 (Artistic – West) 0.0398 1.00 Yes 

Condition 28 (Artistic – East) 0.1831 1.00 Yes 
Condition 28 (Artistic – West) 0.0054 1.00 Yes 

Condition 29 (Artistic – East) 0.2119 1.00 Yes 
Condition 29 (Artistic – West) 0.0133 1.00 Yes 
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Section 6.0 DISCUSSION OF RESULTS 

Table 3 

The results presented in Table 1 summarize the nickel emission data obtained from both Phase 1 
and Phase 2 of this project. The results from each of the three individual test runs along with the 
average of the three tests runs from each condition tested are reported in the table.  All of the 
results were obtained using Method 29 stack testing except those identified as Method 306A. 

Based on these results, it is apparent that the typically operated Rack Watts Nickel and the Rack 
Nickel Sulfamate processes (wetting agent, no mesh pads, air agitation) emit very little nickel; 
less than 0.05 mg/dscm.  These concentrations are not much higher than the MACT hexavalent 
chromium limits that are based on the use of expensive composite mesh pad systems to reduce 
the chromium emissions.  These results were expected due to the high efficiency of the Watts 
Nickel and Nickel Sulfamate plating process (very little gassing).  Furthermore, the Rack Watts 
Nickel and the Rack Nickel Sulfamate solutions are typically operated with some kind of wetting 
agent employed in order to maintain the quality of the plating (reduce pitting, etc.).  Therefore, 
platers need to add wetting agents to these solutions for quality purposes; the pollution control 
effect is a secondary benefit. 

Nickel emissions being emitted from uncontrolled Wood’s Nickel Strike, Barrel Nickel, and 
Electroless Nickel plating processes vary from 0.101 mg/dscm to 1.130 mg/dscm. 
“Uncontrolled” is defined as no wetting agent, eductor system or mesh pads added to the 
process. None of these solutions require a wetting agent for quality purposes.  Therefore, these 
processes typically operate without one. Other reasons why the uncontrolled emissions are high 
include: 

- The Wood’s Nickel Strike process is intentionally very inefficient which 
causes significant gassing. 

- Barrel Nickel plating has many mechanical/physical effects that increase 
nickel emissions (see Discussion of Table VII). 

- The Electroless Nickel plating process is operated at very high 
temperatures, has a very high air agitation rate, and produces a significant 
amount of hydrogen gas as a by-product. 

Paired Wilcoxon Signed-Rank tests were conducted to evaluate the effect of employing an 
eductor system, wetting agent or simple mesh pads at the exhaust hood.  The paired Wilcoxon 
Signed Rank Test (WSRT) is a non-parametric test that evaluates the median difference between 
paired samples.      

The results of the eductor system versus air agitation comparison was inconclusive (test statistic 
value = 0.5256, p-value=0.5992, n=6). There was insufficient information to conclude that 
nickel emissions were reduced by the addition of an eductor system.  The results of the wetting 
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agent versus no wetting agent comparison was statistically significant (test statistic value = 36, p-
value = 0.0078, n = 8). Nickel emissions were reduced by the addition of a wetting agent. The 
results of the mesh pad versus no mesh pad comparison were statistically significant (test statistic 
value = 55, p-value = 0.002, n = 10. Nickel emissions were reduced by the addition of simple 
mesh pads at the exhaust hood. The boxplots in Figure 1, 2, and 3, confirm the conclusions of the 
inferential tests. In each case, employing an operating parameter to reduce nickel emissions 
consistently reduced between process variability, but only in the case of employing a wetting 
agent or installing a mesh pad installed at the box hood was median nickel emissions reduced. 
The investigation did not evaluate the interaction between these operating parameters, therefore 
no conclusions can be made regarding cumulative effect of employing more than one of these 
operating parameters. 

Figure 1. Box plots of Nickel Emissions for Eductor System versus Air Agitation. 

Figure 2. Box plots of Nickel Emissions for Wetting Agent versus No Wetting 
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Figure 3. Box plots of Nickel Emissions for Mesh Pads and No Mesh Pads.

Tables 4 through 9 present the results summarized in Table 3, in a comparison manner that 
illustrate the effects on nickel emissions of the operating conditions identified by this project (i.e. 
the effects of wetting agents, the effects of mesh pads, eductors vs. air agitation, etc.). 

The nickel emissions from the rack Watts nickel process operated with a wetting agent, a mesh 
pad, and an eductor system (Condition 13) was only tested for one two-hour test run due to 
quality issues caused by the eductor system. The eductor system caused dullness and pitting in 
the nickel finish in many of the parts that were plated in the nickel tank. Since most of the 
testing conducted in this project was conducted on actual plating processes in operation, the 
quality of the plated parts took precedence over the stack testing. When modifications to the 
operating parameters of the nickel process (temp, current density, etc,) and to the eductor system 
itself would not alleviate the plating problems, the eductor system was decommissioned and 
replaced with the air agitation system. The two remaining test runs during that day were 
completed with the air agitation system in operation resulting in a total of five test runs 
conducted on a rack Watts nickel process operated with a wetting agent, a mesh pad, and an air 
agitation system (Condition 14). 

It was later determined that the plating problems were caused by iron contamination in the nickel 
solution that was directed at the parts by the eductors and then becoming embedded in the plating 
finish causing the pitting and the dullness. It is anticipated that once the iron contamination is 
removed (via filtration), the eductor system can be used in the process without causing quality 
problems; as others have used eductors on Watt’s Nickel very successfully. 

As with the Phase 1 testing, there was a comparably large difference in nickel emissions 
measured within each of the three individual test runs of a condition tested. For example, the 
nickel emission concentrations for the three tests runs on the Electroless Nickel process operated 
with air agitation (Condition 6) were measured to be 0.124, 0.313, and 0.505 mg/dscm. The 
main reason for these differences within individual test runs may be the fact that operating 
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parameters changed slightly from test run to test run.  Because these tests were conducted, for the 
most part, on nickel plating processes plating actual production parts, keeping all the operating 
parameters constant during all three test runs was not possible.  Attempts were made, however, 
to minimize the operating parameter fluctuations where possible.  Because of these differences 
within the individual test runs, the average of the three were taken and also reported. 

Table 4 

Based on the results of this study and illustrated in Table 4, when the nickel emissions are 
uncontrolled, the data shows nickel emissions are reduced by 53% when eductors are used for 
agitation in place of air (See Condition 5 versus 6).  When the nickel emissions are low, whether 
it is due to the nickel plating process itself having low emissions (as is the case with nickel 
sulfamate) or the fact that the emissions are reduced by some other means (i.e., mesh pad), the 
effects of using eductors instead of air agitation are negligible with an average reduction of 8% 
(See Conditions 3 versus 4, 13 versus 14, and 22 versus 23).  In fact, in many of these cases, the 
nickel emissions measured with the eductors in operation were actually slightly higher than those 
measured with the air agitation system operating.  That said, we do not believe that using the 
eductors actually increased the emissions; simply that eductors have very little effect on the 
nickel emission when the emissions are low to begin with.  These unexpected results obtained 
when emissions are low are probably due to the inherent error in the Method 29 procedure or the 
fact that, in some of the cases, the surface tension of the plating solution was slightly higher 
when the eductors were tested than when the air agitation system was tested.  For example, the 
surface tension of the Watts Nickel solution when the eductors were tested was 42 dynes/cm 
while the surface tension of the same solution when the air was operating was 37 dynes/cm. 
Similarly, the surface tension of the Nickel Sulfamate solution when the eductors were tested 
was 45 dynes per centimeter while the surface tension of the same solution when the air was 
operating was 39 dynes per centimeter.  These small differences in surface tension could have 
masked the emission reduction effects of the eductors because it is believed (and validated in this 
study) that nickel emission of a plating solution are related to its surface tension; the emissions 
increase as the surface tension increases. 

Maintaining a constant surface tension within a plating solution is difficult because only a small 
amount of wetting agent is needed to reduce the surface tension from about 70 to 40 dynes/cm. 
To raise a surface tension in a solution to a specified level requires considerable time to allow the 
surface tension to rise naturally or complicated carbon treatment. 

Table 5 

Based on the results of this study and illustrated in Table 5, the use of wetting agents to reduce 
the surface tension of a nickel plating solution significantly reduces the nickel emissions from 
that process an average of 72% from uncontrolled tanks and an average of 42% for tanks 
controlled with mesh pads.  In all eight comparison studies involving the use of wetting agents 
and encompassing Rack Watts Nickel, Barrel Watts Nickel, and Wood’s Nickel Strike plating 
solutions, the nickel emissions measured with the wetting agent were 29% to 92% lower than the 
nickel emissions measured without the wetting agent.  
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Several chemical suppliers were contacted to determine the availability of a wetting agent 
specifically made for a Wood’s nickel strike solution. None of these chemical manufacturers 
could provide one nor did they believe one was developed yet.  Therefore, a wetting agent that 
was typically used in a Watts Nickel solution was used instead. Initial tests proved that this 
wetting agent was successful in reducing the surface tension of the Wood’s nickel strike solution 
from 70 dynes/cm to 38 dynes/cm.  However, it was later discovered that the acidic nature of the 
Wood’s solution destroyed the wetting agent relatively quickly (within two to three days). 
Moreover, the resultant decomposition products of the wetting agent formed a film on the plating 
solution which adversely affected plating adhesion. 

In Table 5, there are two results reported for some of the test runs of Condition 7.  The results in 
the parenthesis are results that have been modified to account for the air ventilation rate 
fluctuations that occurred during the Condition 7 testing.  For all the other Wood’s Nickel Strike 
test runs, the ventilation rate measured during the testing was 818 to 892 cfm.  The ventilation 
rate for the three Condition 7 tests runs was measured to be 1155 cfm, 1610 cfm, and 818 cfm 
respectively.  The blower for the Wood’s Nickel Strike ventilation system is a variable speed 
blower. It is believed that the speed was switched to “high” sometime during the first test run and 
then switched back to “low” after the second test run.  To compensate for this dilution effect and 
to provide a viable comparison, the nickel emissions from the first two test runs of Condition 7 
were mathematically revised to reflect a ventilation rate of 818 cfm. 

Table 6 

Based on the results of this study and illustrated in Table 6, the use of simple mesh pads to 
capture nickel emissions in the vent reduces the nickel emissions from that process.  In all ten 
comparison studies involving the use of mesh pads and encompassing Rack Watts Nickel, Barrel 
Watts Nickel, Wood’s Nickel Strike, Nickel Sulfamate, and Electroless Nickel plating solutions, 
the nickel emissions measured with the mesh pad in place were significantly lower than the 
nickel emissions measured without the mesh pad by an average of 88% for both controlled and 
uncontrolled conditions.. 

The mesh pad, based on this study, was the most efficient in reducing nickel emissions; 
outperforming the wetting agents and the eductor system as shown in Table 12.. Besides 
providing better reduction efficiency, simple mesh pads are less expensive to purchase than the 
eductor system and less expensive to use than the wetting agents.  Moreover, mesh pads are 
totally external to plating solution system.  When contemplating using a wetting agent or an 
eductor system, one needs to consider the effects of these items on the plating quality because 
they are placed in the plating tank. The mesh pad does not affect the plating at all since it is 
installed in the ventilation system. 
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Table 12. Comparison of Nickel Emission Reductions 
Condition %Reduction of Nickel Emissions 

Mesh Pads Wetting Agent Eductors 
Uncontrolled 
Tank 

83% 69% 53% 

Partially 
Controlled Tank 

69% 45% 8% 

The composite mesh pads used in this project were supplied by Chicago Plastics and were easily 
inserted in the face of the exhaust hoods; although some exhausts hoods had to be modified in 
order to accommodate the composite mesh pads (See photos in Appendix C).  The composite 
mesh pads are constructed of intertwined polypropylene threads and are approximately three (3) 
inches thick.  As stated above, these composite mesh pads were easily placed in the face of the 
exhaust hood or directly in the exhaust duct (as was the case with Elite Finishing) and are 
designed to capture mists and large particulates (greater than 8 microns). 

Table 7 

The stack testing results presented in Table 7 suggests that the majority of the nickel that is 
emitted from barrel nickel operations is due to mechanical/physical sources such as splashing 
produced during entry of the barrel into the tank, the large amounts of liquid leaving the barrel 
during removal from the tank, splashing from filter pumps, etc and not from the electrolysis 
involved in plating. These results are consistent in what was suggested in the Final Report for 
the Phase 1 testing. 

Table 8 

Based on the results presented in Table 8, it appears that the chemical reaction involved in the 
electroless plating process does increase the nickel emissions from an electroless nickel process. 
In the Final Report for Phase 1 of this project, it was suggested that the majority of the emissions 
from an electroless nickel plating process were due to the high temperature of the electroless 
nickel plating solution and the violent air agitation required in the process and that the amount of 
parts (or surface area of the parts) had little affect on the nickel emissions.  In the Phase 1 testing 
(Condition 1), parts were being plated for only 12-30 minutes of the test run time (120 minutes). 
In Phase 2 (Condition 6), however, parts were being plated for 114 to 120 minutes of the 120 
minute test run.  As illustrated in Table 8, the emissions measured in Phase 2 with the high tank 
loading were higher than those measured during Phase 1 with the low tank loading.  However, in 
the year that elapsed between Phase 1 and Phase 2, the EN testing site switched EN solution 
suppliers. The EN solution that was being used during Phase 1 of the study had a wetting agent 
incorporated into the chemistry while the EN solution that was being used during Phase 2 did 
not. Consequently, the surface tension of the EN solution in process during Phase 1 was about 
30 dynes/cm lower than the surface tension of the EN solution that was in process during Phase 
2. Therefore, it is inconclusive as to the cause of the increased emissions observed during 
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Condition 6 as compared to Condition 1 (increased parts loading or  increased surface tension, or 
a combination of the two). 

Part of the Phase 2 testing was to observe the effects of a mesh pad on the nickel emissions from 
the electroless nickel plating process.  In order to accomplish this goal, the ventilation system for 
the electroless nickel tank had to be modified to accept a mesh pad. The modification to the 
ventilation system increased the ventilation flow rate.  The ventilation rate during Phase 1 was 
1214 to 1240 cfm while the ventilation rate for Phase 2 was 1860 to 2039 cfm. Therefore, to 
compensate for this dilution effect and to provide a viable comparison, the nickel emissions from 
the test runs of Condition 1 were mathematically revised to reflect a ventilation rate of 2000 cfm. 
The modified results are listed in parenthesis in Table 8.  

Table 9 

The results presented in Table 9 indicate that, although the individual test runs were not 
consistent, the average of the three runs using Method 29 were within 10% of the average of the 
three runs using Method 306A for the Electroless Nickel, Watts Nickel and Wood’s Nickel 
Strike processes. For the Nickel Sulfamate process, the emissions measured by Method 306A 
were actually higher than those measured by Method 29. The inconsistency within the three 
individual test runs and the test runs on the Nickel Sulfamate process may have been due to the 
changes in operating parameters during the individual test runs.  Based on this testing, we 
believe that Method 306A is a viable alternative to Method 29 for measuring nickel emissions. 
However, we believe more testing is required.  

In order to validate Method 306A as a viable alternative, a non-production process should be 
tested in order to have absolute control over all the operating parameters to ensure that they are 
constant and identical during both the Method 29 and Method 306A testing.  When testing 
production processes, the operating parameters change slightly from test run to test run based on 
the production needs. Another option would be to test a production process using Method 29 
and Method 306A simultaneously. 

The emissions from the Woods Nickel Strike process measured with Method 306A were higher 
than the emissions measured with Method 29.  Both of these tests were conducted with wetting 
agent in the Woods Nickel Strike solution. The wetting agent was added in the morning of the 
first day. Method 29 was conducted on the first day while Method 306A was conducted on the 
second day. As discussed earlier, it was discovered that the acidic nature of the Woods Strike 
solution destroyed the wetting agent relatively quickly.  Analysis on the first day using a 
stalagmometer indicated that the surface tension was approximately 37 dynes/cm.  Analysis of 
the Woods Nickel Strike solution three days later using a tensiometer indicated that the surface 
tension was 59 dynes/cm.  Therefore, the surface tension on the second day (Method 306A) may 
have been higher than that on the first day (Method 29); possibly in the 40-50 dynes/cm range. 
This discovery may explain why the Method 306A testing measured higher emissions.  
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Tables 10A through 10E 

The purpose of Tables 10A through 10E is to summarize the working parameters observed and 
recorded during the testing for all of the conditions tested.  As stated before, most of the testing 
was conducting during actual processing.  Therefore, many of the operating parameters did not 
remain constant during all of the individual test runs within a condition.  By comparing the 
operating parameters from one test run to another, one may be able to explain why there was a 
difference in nickel emissions measured from one test one to another. 

Table 11 

The results presented in Table 11 illustrate that the ventilation systems of all the nickel plating 
processes were operating efficiently because the nickel concentrations in the ambient air near the 
nickel plating tanks at the times of the testing were significantly below the OSHA eight hour, 
time weighted average permissible exposure limit for nickel.  This criteria was set-up prior to 
testing in order to ensure that the ventilation systems were capturing the majority of nickel 
emissions from the plating processes. 

QA/QC Summary 

The data generated has been evaluated in terms of quality objectives for precision, accuracy, 
completeness, representativeness, and comparability, in accordance with EPA Methods 29 and 
306A and OSHA Method ID-121. 

Prior to analyses, demonstration of method performance and analyst capability was verified and 
documented through various studies as MDL, LDR, QCS, DOC, and Performance Evaluation 
Samples.  The appropriate blanks (CCB and LRB), spikes (LFM and LFM dups), and standards 
(QCS, CCV, LFB) were incorporated into the analytical runs as is required by EPA Methods 29 
and 306A and OSHA Method ID-121. These QC samples were evaluated to meet acceptable 
criteria limits, as determined by the procedures and control charts.  In order to maintain 
consistency in applying the QC data, the “QA/QC Worksheet” was generated to condense the 
QC values, limits, and qualifiers, if any.  These worksheets are included in Appendices E and F. 

All data is considered to be of acceptable quality and validity, as determined by the laboratory 
QA Coordinator. 
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Section 7.0 CONCLUSIONS 

Based on the stack testing results presented in Table 3, the following conclusions regarding 
nickel emissions from nickel plating processes can be made:  

1)	 Nickel emissions from typically-operated Rack Watts Nickel and Rack Nickel 
Sulfamate tanks (wetting agent, no mesh pad, air agitation) are not very significant 
(<0.05 mg/dscm). 

2)	 Nickel emissions from uncontrolled (no eductors, mesh pads or wetting agents) and 
vented Electroless Nickel, Barrel Nickel, and Wood’s Nickel Strike plating processes 
are significant (greater then 0.1 mg/dscm), but can be significantly reduced by 49% to 
92%. This can be accomplished by employing eductors, wetting agents, or simple 
mesh pads. 

3) The use of wetting agents in nickel plating processes significantly reduced nickel 
emissions.  The use of wetting agents to reduce the surface tension of a nickel plating 
solution reduces the nickel emissions from that process an average of 72% from 
uncontrolled tanks and an average of 42% for tanks controlled with mesh pads.  At 
this time, however, there does not seem to be a wetting agent specifically developed 
for the Wood’s nickel strike solution. A Watt’s Nickel wetting agent can be 
successfully used to reduce the surface tension of the Wood’s nickel strike solution. 
However, the acidic nature (at least 10% by volume hydrochloric acid) of the Wood’s 
solution destroys the wetting agent relatively quickly leaving a film on the solution 
surface that greatly affects the plating adhesion. 

4) 	 Nickel emissions were reduced an average of 15% using eductors in lieu of air 
agitation for the various controlled and uncontrolled conditions…  

5) Regardless of type of nickel process, using simple mesh pads to capture splashing and 
misting provides the best reduction of nickel emissions.  These reductions averaged 
69% to 89% compared to 8% to 69% for other control methods as shown in Table 12. 

6)	 Most of the nickel emissions from nickel barrel plating operations are generated from 
mechanical/physical sources such as splashing produced during entry of the barrel 
into the tank, the large amounts of liquid leaving the barrel during removal from the 
tank, splashing from filter pumps, etc. and not from the electrolysis involved in 
plating. 

7)	 The nickel emissions from an electroless nickel process are generated from both the 
chemical reaction involved in the electroless plating process and the high solution 
temperature and high agitation rate required in the process. 

8) Although the results presented in Table 9 indicate that USEPA Method 306A and  
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USEPA Method 29 provide similar results when measuring nickel emissions from 
Electroless Nickel, Watts Nickel, and Wood’s nickel strike, further testing needs to be 
conducted on a controlled process or conducted simultaneously to determine whether 
Method 306A truly is an acceptable alternative to Method 29 for measuring nickel 
emissions from nickel plating processes in general.   

Three methods of reducing nickel emissions observed in this study are the use of wetting agents, 
eductors, and simple mesh pads.  The implementation of simple mesh pads provide a better 
reduction efficiency, they are cheaper to employ and do not affect the quality of the plating.  

Due to the extreme number of variables involved in plating (tank dimensions, current density, 
temperature, types of parts plated, plating times, chemical differences, etc.), the results presented 
in this report should not be used as absolute for all Watt’s Nickel, Wood’s Nickel Strike, 
Electroless Nickel, etc. processes “across the board” but rather as a relative guide or estimate for 
these processes. In the same manner, one cannot assign actual emission reduction efficiencies 
for wetting agents, eductors, and mesh pads solely on the results of these tests.  Instead, it is 
much more accurate to state that these options reduce nickel emissions but the reduction 
percentage from process to process will vary.  We base these project limitations or constraints on 
the fact that even though extreme care was given to control the variables within the three tests 
runs of a test condition, the results for each of these test runs did vary more than expected (see 
Table 3). We would expect the results to vary even greater when the variables are not controlled 
or, for example, from one Electroless Nickel tank to another. 
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Appendix A 


Calculation Worksheets for Nickel Stack Emissions 














































































































































































Appendix B 


Calculation Worksheets for Ambient Nickel Concentrations and Field Log Sheets 




Rel~able- 

NAMEIAREA mglL Flowrate mglL (mglm3) LlM 

(mg/L) (mg1L)) I Liters)/l000] (mglm3) 

Company Name: Electroless Nickel Plating 

Sample LPM Total Blank 
PARAMETER Date Minutes LITERS RESULTS OSHA 

Blank 

Condition 4 - East 
Condition 4 - West 
Blank 

Condition 5 - East 
Condition 5 - West 
Blank 

Condition 6 - East 
Condition 6 - West 
Blank 

Calculation: [(Sample - Blank x 0.025 L] [(Total = X 



11115/05 

= 
= (All DL mg/L) 

<MDL of 007 m g / ~  = 

x 0 71610 8 ( 80.120%) 

3 EAST 

5 6zJ 
1 bJ4A 

= 

ml 
mg/L ICP. 

IN ORDER TO FACILITATE FURTHER CALCULATIONS, IF A READING IS CMDL, THEN 0.006 IS USED. 

PROJECT # 110077: METHOD 121 FOR NICKEL 
AIR FILTER CASSETTES 

Digestion on 1111 1/05 

BY ICP ON 

IDL = 0.004 LOQ = 
LOD 0.008 RL = 
MDL 0.007 

0.017 

0.050 

DATA: 

in 

o 0.006 

= 100 = 89 5% Recovery 

110077-7 0.180 

1 10077-8 

110077-9 25 0.006 

EXPLANATIONS: 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

LRB = process were added, no filter. 


Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 

LFB = digestion process, again, no filter. 


DILUTION = 25 
 class A volumetric flask was used to measure the final volume. 
as determined by average of three replicates on READING = 



.rr .!I 
vI21\b)( 

x * i * ~ i * t * + i * * ~ ~ ~ ~ i ~ ~ + i ; ~ ~ % * * ~ ~ - j ; ~ 5 ; ~ i * + ~ ~ + * - i r ~ j ; - j ; + ~ + ~ ~ j , j , * ~ i ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ 5 ; ~ + ~ ~ ~ ~ ~ ~

E 

NAMEJSS # 

# &D<,DS~~M ) 

PARAM ETER(S) 

- MEDIATYPE L+- 

-- 

(500 mL) LPM a\ D 
- 

m l )  2-0 
TlME $&Q 

LITERS 69 D 
i i * * * * * * * + i * i i ~ i * h i * i i i i i r i i r ~ i i ~ i i * i i h ~ i ~ * i i i i i * i i ~ i i i i ~ ~ ~ ~ i ~ ~ x ~ i ~ i ~ ~ ~ ~ ~ i i ~ ~ ~ i ~ h i ~ 3 ; ~ i i i ~ - i i i i i ; ~ ~ i ~ ~ i i r ~  

n 

NAMEfSS 1 

PUMP.SERIAL # 1 k'$T&jt~ $ 
hi, PARAM ETER(S) 

- 
4 

# 

PRE-CALIERATION - 

mL) 

-- (590 mL) i ? M  '3 
SAMPLE (FAIN.) L/& 0 

DATE-
i - I \ \ 

COMPANY NAME 

SAMPLER: 

TEST TYPE: EMPLOYEE AREA 

-

EMPLOYEE 

PUMP SERIAL 

,

SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time s e c o n d s  

POST-CALIBRATION FLOW RATE 
T ime  (500 s e c o n d s  LPM 

TOTAL SAMPLE (MIN.) 

TOTAL SAMPLED 

TESTTYPE: -EMPLOYEE AREA 

EMPLOYEE # 

MEDIA TYPE 


SERIAL 


FLOW RATE 
Time(500 seconds LPM 

POST-CALIBRATION FLOW RATE 
I!me seconds 


TCTAL TIME 

- j ; ~ ~ ~ + ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ ~ ~  



 CONTROL^ LASCIRATORIEB, I N C .  

- C O N S U L T I N G  

\3/L?5 

MONITORING DATA 

COMPANY NAME a& 9\29 

w 
**f**~***********i****t**f****f********ir******fi~;t***~**~-*-ki~*~**?:**.****~~******iii*i?;***~*~-*ti~X~-~ 

-$ - 
NAMEISS # 

PARAM ETER(S) I'J ~i 
C* 

d 

L - 4 

mL) 

- 

mL) LPM 

TIME -33-c, pa)  .. 
3 . Y  113 

*i**i*****i*i*i**~iii~*~**i+****i~i-***~******ii**iii*i**i**~**~ti*+*i*******+**i*i***i~~~i~ij,i*~~~* 

4 
/ 

L 

# 1 
*, 

+ " \xl f?~t $&dk - 

3b~7-&30 $$ha 
PARAM ETER(S) 

4 

- 

ml) 

(500 m i )  LPM 2. D 
SAM?LE 

T E S T I N G  

DATE 

AIR SHEET 

SAMPLER: 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE 


AREA: 

MEDIA TYPE 

SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

POST-CALIBRATION FLOW RATE 

Time (500 seconds 

TOTAL SAMPLE (MIN.) 

TOTAL LITERS SAMPLED a 
TESTTYPE: n -EMPLOYEE AREA 

EMPLOYEE NAMEISS -
R E :  


PUMP SERIAL # 


MEDIA TYPE 


SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

POST-CALIBRATION FLOW RATE 
Time seconds 

TOTAL TIME (MIN.) 



A!R MONITORING DATA 

ii la/los 
COMPANY NAME Q L L ~  

IJ 

* * * * * * * * * * * * ~ * * * ~ * * * * * * * * * * ~ * * * ~ * * * * ~ * * * * ~ * * * * * * * i * * * * * * ~ ~ * * * * * * ? r i * i * * ~ * * * i t * i * t * ~ i f * * ~ ~ i ~ * ~ * *  

n gi/ 
'v 

NAMEISS 

- 
SERIAL 

v- 
C k d ~  

r k 

rnL) 

- - 
' 

r n l )  

TIME (MIN.) 

t f q  
******i*-*********.**-***************i**ii*******i**iii*.****i**i*.~t****~**~**i*****iiii*iir*i~**~i~*i** 

-EMPLOYEE 

NAME/SS 
- - 

\ Q  &&LC '(bd> 
JWS &@3°L3 

PARAM R(S) 
u 

- 

rnL) 

(500 mL) LPM A- 
SAMPLE TIME (MIN.) 37q 

- 
! LITE3S SAM?LEEI 

SHEET 

DATE 

SAMPLER: 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 

MEDIA TYPE 

# 

PRE-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  LPM 

TOTAL SAMPLE 

TOTAL LITERS SAMPLED 

TESTTYPE: AREA 

EMPLOYEE # 

AREA: 


PUMP SERIAL 1 

ETE 

MEDIA TYPE 

SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  LPM 

POST-CALIBRATION FLOW RATE 
Time s e c o n d s  

TOTAL 

OTAL 




,= 
7 // 
\--- * / /--, 7 

1 -  I .  

& ~ s e v ~ ~ L - ~ =  r 
23%'-R3iV -ABi3RA-3QlE5, 'NZ. 

SHEET 
- = S - i h C  - C O i \ S u - - l h ~  

/o 9 
/' 

NAME ~ \ & L L  p2,kbi ,. r.\kb&.u $4 
J 

SAMPLER: 5 d ~ b  
%*******?;.********~.******.****f-j;ij;~~~~~ic*~i;.*iri~i~5:~*~~~~-i;*j;~~iii++*i;ici-j,~~i?;j;iixi-i--j.;jc*i*~*ir*ij; 

D ' - 
NAMEISS 

~LQ 
,)m<o& 3&1 

d 

# 

?RE-CALIBRATION 
m ~ )  L P M  

- - ' 

m l )  LPM 

TOTAL SAMPLE TIME CMIN.) q09 
TOTAL LlTERs SAMPLED 18 
ii*i*ii*?c*.~*iiiir.iitiii~ifiriririiii**iii-i*ii***i*~*i;iriiiiiii;~~~i~i~~i~ii~~~i+FS;j;F~~i~iiit~i~iii+ 

n - 
NAMEISS # 

PARAM ETER(S) L 

# 

mL) 

-. 
I ime (500 rnL) L?M 

- 
1 ((0 y. " 

TOT,2L LiTZSS S.&-M?iE3 

. AIR MONITORING DATA 


DATE 

COMPANY 

TEST TYPE: EMPLOYEE AREA 


EMPLOYEE # 


AREA: 


PUMP SERIAL # 


MEDIATYPE 


SERIAL 


FLOW RATE 
Time (500 s e c o n d s  

POST-CALIBRATION FLOW RATE 
Time (500 seconds  

8 

TESTTYPE: -EMPLOYEE AREA 

EMPLOYEE 

AREA: 

--
MEDIA TYPE 


SERIAL 


PRE-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  LPM 

POST-CALIBRATION FLOW RATE 
s e c o n d s  

OTAL SAMPLE TIME (MIN.) 



NAMEIAREA mglL Flowrate mglL (mglm3) LlM 

I 
I 

I 

(mg/L) (mg/L)) I Liters)/1000] (mglm3) 

Company Name: ABQC - Watts Nickel Rack 

Sample LPM Total Blank 
PARAMETER Date Minutes LITERS RESULTS OSHA 

Blank 

Condition I - East 
ConditionI - West 
Blank 

Condition 12 - East 
Condition 12 - West 
Blank 

Condition 13 - East 
Condition 13 -West 
Blank 

Condition 14 - East 
Condition 14 -West 
Blank 

Condition 15 - East 
Condition 15 - West 
Blank 

Calculation: [(Sample - Blank x 0.025 L] [(Total = X 



# 121 

mglL) 

= 1612 O= 

AShc iU +qf 
O,gQ(/ 10 w't 
tm c/ 13 &* 

<MDL of m g i ~  = -0.002 

ml 
mg/L 

IN ORDER TO FACILITATE FURTHER CALCULATIONS, IF A READING IS <MDL, THEN 0.006 IS USED. 

PROJECT 020072: METHOD 
AIR FILTER CASSETTES IDL = 
Digestion on 02/06/06 

BY ICP ON 02/09/06 

LOD = 
MDL = 

FOR NICKEL 
0.004 LOQ = 0.017 

0.008 

0.007 

RL 0.050 

(All DL in 

DATA: 

Sample # 

LRB 

Dilution 

25 

Reading 

0.007 0.006 

1 0 0 x 2  108% Recovery ( 8 0  120%) 

= 0.006 

EXPLANATIONS: 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

LRB = 
process were added, no filter. 


Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 

LFB = 

digestion process, again, no filter. 

DILUTION = class A volumetric flask was used to measure the final volume. 
READING = as determined by average of three replicates on ICP. 

25 



LOD= 

= (All DL rng/L) 

I LFB 1 25 1 1 98 I= 100 x I 9812 0 ( 80-1201)  

LRB 

- - 

2 5 

ml 
mg/L 

-0.00 1 

IN ORDER TO FACILITATE FURTHER CALCULATIONS, IF A READING IS cMDL, THEN 0.006 IS USED. 

<MDL 007 m q i ~  = 

PROJECT # 010218: METHOD 121 FOR NICKEL 

AIR FILTER CASSETTES 

Digestion on 01124106 

BY ICP ON 01127106 

IDL = 

MDL 

0.004 

0.008 

0.007 

LOQ = 
RL = 

0.017 

0.050 

in 

DATA: 

Sample # Dilution Reading 

of o 0.006 

= 99% Recovery, 

EXPLANATIONS: 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

LRB = 
process were added, no filter. 


Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 

LFB = 

digestion process, again, no filter. 


DILUTION = 25 
 class A volumetric flask was used to measure the final volume. 

READING = 
 as determined by average of three replicates on ICP. 



NICKEL 
= 

= 
= (All DL mg/L) 

# 

1.0011 80.120%) 

p$bL 1'4 &3+ 

pcac W P ?  

b g ~ ~ 15 fa& 

p4ac W 
- - 

- b&: f. & I  
ld*&J; ? I& 

b&$ du 63 
N ~ ~ J ~ 2'1'4 

ml 

mg/L 

IN ORDER TO FACILITATE FURTHER CALCULATIONS, IF A READING IS <MDL, THEN 0.006 IS USED. 

-0,001 <MDL of 0.007 m g ~ ~  = 

PROJECT # 140200: METHOD 121 FOR 
AIR FILTER CASSETTES IDL = 0.004 

Digestion on 11/14/05 

BY ICP ON 1111 5/05 

LOD 0.008 

MDL 0.007 

LOQ 

RL = 
0.017 

0.050 

DATA: 

in 

Sample Dilution Reading 

LRB 25 0.006 

= 100 x 00 = 90% Recovery. ( 

= 0.006 

= 0.006 

EXPLANATIONS: 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

LRB = 
process were added, no filter. 


Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 

LFB = 

digestion process, again, no filter. 


DILUTION = 25 
 class A volumetric flask was used to measure the final volume. 

READING = 
 as determined by average of three replicates on ICP. 



c;eafL.i ' 
CDNTRDL 

7 5 5 - I N G  - 

++lo 
4 

kd,; "I WL 

SII t d  ~k+ ft.vjk Rh.ch 

b5Qc 
p.J ;:./1"3 fty.i 

******i*x*X******************x*******-k*M***~~***********~~****~****************~***************** 

o 41 
NAMEISS 

4 

PARAMETER(S) hi&& 1 

MEDIA fi? tk 
SERIAL # 3 x 9  %a-~S3 

- - 

rnL) 
- 

' 

mL) 

TOTAL SAMPLE TIME (MIN.) 336 (F,,,, 
7-9 6 1.~1 

********-*********. i i** i********-***~*~***************~***~*******~*****~**~**~**************x~* 

p( 
NAME/SS 

PARAM R(S) 

# a S ~ Q , s i  8 

Time (500 m ~ )  2, L) 

mL) 

TIME 
I - 

LABORATORIES, INC. 

AIR MONITORING DATA SHEET 
C O N S U L T I N G  

DATE 

COMPANY NAME 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 

TYPE 


PRE-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

TOTAL LITERS SAMPLED 

TESTTYPE: -EMPLOYEE AREA 

EMPLOYEE # 

AREA: 

ETE 

MEDIA TYPE 

SERIAL 

PRE-CALIBRATION FLOW RATE 
seconds  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

TOTAL SAMPLE (MIN.) 

TOTAL LITERS SAMPLED 

w5 



CONTROL" INC. 

T E S T I N G  C O N S U L T I N G  \%\bib Pbn 

t l \ 3 / ~ 5  & I i  ,I - L& rJ \a 

NAMEISS 

# &m?-m$o =jm \ 
PARAM ETER(S) bJ~k-.JI 

4 

SERIAL # 2x9 73 \IS 

mL) 

- 

- 

mL) 

TIME 3 %-9 (W q 1 

................................................................................................... 

I 
NAMEISS & 3- rVfi 

af lk2  
x - 

E L k  W PARAM ETER(S) 

- 
- 

93\~i_b 

mL) o 
mL) 2.9 

3 s  ( A d  

7% /L) 

AIR MONITORING DATA SHEET 
LABORATORIES, 
-

DATE 

COMPANY NAME 

SAMPLER: 

TESTTYPE: EMPLOYEE AREA 
\ 

EMPLOYEE # 


AREA: 


PUMP SERIAL 


MEDIA TYPE 


PRE-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  LPM 

POST-CALIB RATION FLOW RATE 
Time (500 s e c o n d s  LPM 

PUMP SERIAL # 

TOTAL SAMPLE (MIN.) 

TOTAL LITERS SAMPLED 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 

MEDIA TYPE 


SERIAL # 

PRE-CALIBRATION FLOW RATE a.Time (500 s e c o n d s  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

TOTAL SAMPLE TIME (MIN.) 

TOTAL LITERS SAMPLED 



********-lr;Wr************************************************************************************* 

o & 
td -F NAME/SS 

hl:cke/  UP\^ 
# 465% GM 3B' 

Y 

8 - a m  9 3 1 ~ 9  

mL) L'PM 

- - ' 2.-0 mL) 

i-f 

b i i m,ll ', 

%&A, $1 
i?t.**************Mt***f**?H**-H;t****************************************t************************** 

0 .EMPLOYEE %(' 

NAMEISS r.14 

bu %h\ PARAM ETER(S) 

1 

# J X O ~ ~ I L L  
W T E  

mL) 

mL) 

TOTAL (MIN.) vU6 k \ h 3  
TOTAL LITERS SAMPLED I 6 ~ L J  

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 


PUMP SERIAL 


MEDIA TYPE 


SERIAL . 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds 


POST-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

TOTAL SAMPLE TIME (MJN.) 
. --

TOTAL LITERS SAMPLED 

TESTTYPE: AREA 

EMPLOYEE # 

AREA: 

MEDIA TYPE 


SERIAL 

PRE-CALIBRATION FLOW 
Time (500 seconds  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

SAMPLE TIME 

a 




i***f***********x*****************************+*****%*************~***********f********~***+f**** 

D 

L 
NAMEISS 

% *hiCi,,i Xd '  CF&,G) &L) i  \,)[i 

# JQ~WLI lo&] 
PARAMETER(S) 

p f K & ,  
SERIAL # dm & 234 9 

(500 mL) LPM 
- 

- 

mL) .. 

( 4 6  (b?i, 1 

J i3 
b?3 (Q 

*************x***T**=*******x**i*x**z***************x*******xx***xxT***

9 
1 

- 1 

AREA: & c ~ I \ \  K)i~,lcei I:L&\c ( 1 ~ ~ 3 - 1  .-a 

4,$6K0& 3Q2 
M-iLkJ PARAM ETER(S) 

n7 c E 
xQ % &xT 3 

mL) J - L ?  

mL) 2 x 0 
TIME (MIN.) Y / y  (mi,) 

LIT EX^ SAMPLED 828 i ~ j  

TEST TYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 


PUMP SERIAL 


MEDIA TYPE 


PRE-CALIBRATION FLOW RATE 
Time seconds 

POST-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

TOTAL SAMPLE TIME (MIN.) 

TOTAL LITERS SAMPLED 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE NAMEISS # 

PUMP SERIAL # 

MEDIA TYPE 


SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time(500 seconds LPM 

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

TOTALSAMPLE 

TOTAL 

T~**********Tx**xx**x*x*Tx* 



$1, q.. /$ r 

AIR MONITORING 

.............................................................................................. 
n - 

L 
NAME/SS - .  

rnL) 

- ' 

mL) LPM- 

TOTAL SAMPLE TIME (MIN.) '1\33 n\ i  
I m l  % 

6UiJ L-- 
****************i;i******i**i**~***i***~****~**~~**~~**~*~*~

.EMPLOYEE r 
L 

# - 

* ! 

PARAM ETER(S) ~ \ L \ L \ & \  
4 

mL) 

rnL) 

TiME (MIN.) 4 la fi \v? 

LITE3S SAM?LEQ (p.6 L 

DATE 

DATA SHEET 

COMPANY NAME 

SAMPLER: 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 

MEDIA TYPE 

SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 seconds 


TESTTYPE: AREA 

TOTAL LITERS SAMPLED 

EMPLOYEE NAMEISS 

AREA: 

MEDIA TYPE 


PRE-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

TOTAL SAMPLE 


TOTAL 


**~~~~*x~~*~*~********~~~~**~**~~~**~~** 



MONiTORfNG 

***%*x*sx*******~xx**~**********~***~*~*x***~sx**-k**x****~~s***~*****x********~**x***x******~***** 

o 
L 

-@ 

AREA: v&\iJ i b i O ~ \  I Eb 3.f 
" 

- 
\ 

mL) 2vD 
- 

mL) 2-a 
TIME (MIN.) '33 3(,, 

TOTAL LITERS SAMPLED 186 C) 
******=**-*r*xx**x*i ir~***z***t i***********~**x***xx*x***r*x****~x~*~*x~~***~******~~x**xx~*x*r*x**x** 

NAMEISS 
4 

\ 

PUMP J ~ 5 ~ & ~ 3 ~ b  I 
PARAM ETER(S) 

-r, 

- 

(500 mL) LPM 2. 
(500 mL) LPM 2 -\b 

TIME 333( h j & ]  

- 
1 OTAL L I T E ~ ~  sAiiil?iEg 7 8 6  / I , \  

AIR DATA SHEET 

DATE 

COMPANY NAME 

SAMPLER: 

TEST TYPE: EMPLOYEE AREA 

EMPLOYEE NAMEISS # 

j 

MEDIA TYPE 

SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

TOTAL SAMPLE 

TESTTYPE: 
 EMPLOYEE AREA 


EMPLOYEE # 


AREA: 

, 

SERIAL # 

MEDIA TYPE 


SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time seconds  

POST-CALIBRATION FLOW RATE 
Time seconds 

TOTAL SAMPLE (MIN.) 

. 



(mg/L) (mglL)) I Liters)/1000] (mglm3) 

Company Name: Artistic - Watts Nickel Barrel 

Sample LPM Total Blank 

Conditon 18 - South 2.0 886 0.001 
Blank 

Condition 19 - North 
Condition 19 - South 
Blank 

Condition 20 - North 
Condition 20 - South 
Blank 

Condition 21 - North 
Condition 21 - South 
Blank 

Calculation: [(Sample - Blank x 0.025 L] [(Total = X 



121 

LOD= 

rng/L) 

>MDL 0 rng/L 8 > 0 mg/L 

= 100 0114 0 

- 

- 

a 1 
vl 

ml 
mg/L 

PROJECT # 100016: 
AIR FILTER CASSETTES 

Digestion on 1014105 

BY ICP ON 1015105 

METHOD 
IDL = 

MDL = 

FOR NICKEL 
0.004 

0.008 

0.007 

LOQ = 0.017 

RL = 0.050 

(All DL in 

DATA: 

of 007 RL of 05 

x 4 = 100% Recovery so okay 

10001 6-7 25 0.01 7 

10001 6-8 25 0.01 5 

EXPLANATIONS: 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

LRB = process were added, no filter. 

LFB = Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 
digestion process, again, no filter. 

DILUTION = 25 class A volumetric flask was used to measure the final volume. 
READING = as determined by average of three replicates on ICP. 

The result is over the detection limits as quantified for nickel. Therefore the result may 
FLAG "B" = be significant and must be "flagged" to indicate that it may be a false positive "hit", as 

occurred in the LRB. 



A12 

.<I 1 1 h- 

h+=& Q L2ki 3 G_ 
( 
V 

%*******ii**xx*~X~t*j:~i+i~*~i;~~~ii~i~i~?;+*-jci;~*~*~~+~?;~~i+j,~-j:~i~~ii~ii;~~+j;+~j;~ir+~~i+i-j,f;ic+~t-j,+t~i5: 

n Y AREA \ ( be/ ) J c ~ q  
a m Q-LL-,, w ,  

NAME/SS 

TYPE 

# 

mL) 

mL) LPM 

@% 
* i * i * . i i * + * ~ i i i ~ i . * i i ~ i ~ ~ i ~ i ~ i i i i T i * * x i i i i * ~ * i i ~ i r * i i i i i i i i i * i t t i i i ~ i i i i i i * ~ i i * i i ~ ~ i i ~ j ; x i ; * i ~ i ~ ~ ~ ~  

D 

NAMEISS - 
I 

PARAM ETER(S) bLL\&l 

tf 

PRE-CALIBXATION 
mL) 

POST-CALIBRATlON 
(300 mL) seconcjs LPM 

TaTAL TIME (h4IN.j 

! ,*L LiTSZS SAM?iED 

MONITORING DATA SHEET 

DATE 

COMPANY NAME 
I 

SAMPLER: 

TEST TYPE: EMPLOYEE 

EMPLOYEE # 

PUMP SERIAL # 

MEDIA 

SERIAL 


PRE-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 seconds  

TOTAL LITERS SAMPLED 

TESTTYPE: .EMPLOYEE 

EMPLOYEE # 

AREA: 

PUMP'SERIAL # 

MEDIATYPE 


SERIAL 


Time (500 
FLOW RATE 

seconds  LPM 

Time 
FLOW RATE 

SAMPLE 


-.-..-
I 



ATR MONfTORlNG 

a 
x*f*~i*****x~t*~~~j;*~+~fi~+*i;i+-j;j,-j,~~*.+t~*++i;~+f+++*++*~+~~~-j,~~-j,~~~++~++~j,j,~~j,+~+~++~~~+*~~~*~

o C3-d AREALGk\\s ~ L c U I C U  ' b&+~ 
NAMEJSS 

SERlAL 

MEDlATYPE 

# 

(500 mL) LPM 2- 
' 

m l )  LPM 

TOTAL SAMPLE TIME (MIL.) 9 r li1yT 
560 

TESTTYPE: n / 

1 

NAMEISS # )N dL) 4~ CfiP 
J fl% 

4 

PARAM ETER(S) b\ LL~ 

if 

rnL) 

-. 
I ime (500 seconcjs L?M A d a  

(MIN.) 290 N,: 

DATA SHEET 


COMPANY NAME 

SAMPLER: 

TESTTYPE: EMPLOYEE 


EMPLOYEE # 


AREA: 


PUMP # 

, 
SERIAL 

PRE-CALIBRATION FLOW RATE 
Time seconds  

POST-CALIBRATION FLOW RATE 
Time (500 seconds  

a 
TOTAL LITERS SAMPLED 

.EMPLOYEE AREA 

EMPLOYEE 

AREA: 

PUMP'SERIAL if 

MEDIATYPE 

SERIAL 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

POST-CALIBRATION FLOW RATE 
mi) 

TOTAL SAMPLE TIME 

~ 



AiR MONlTORING 

DATE J ' jadb~  
G) $kt /<#2 [ 

a?? 
* * f * * x i * ~ i ~ * ~ 5 ; i + ~ + i ? r ~ i ~ ~ ~ i * ~ + f ; ~ ~ + ~ S i + ~ * i * ~ ~ j ; ~ ~

? 

n A AnEnLbb.ib p L G W  .&P& Pi&+, 
NAMEJSS if 

mL) LPN 2 I3 
' 

- 

mL) 

q2.r -y, (MIN.) llPu 

LlTERSSAMPLED zS?3 L 
~******ir******i.*******~~ir*-***********~**********~~******-i.***i*~ii~***~i******~*****i*~i;~*~***** 4 

ff 4 

ff 

mL) 

POST-CALfBRATlON 
(530 mL) LPM 

TDTAL SAM?Lf (FAIN.) 'la b , I @  

DATA SHEET 

COMPANY NAME 

SAMPLER: 

, 

TEST TYPE: EMPLOYEE 

'-EMPLOYEE 

AREA: 

PUMP SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  

POST-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  L P M  

TOTAL SAMPLE TIME 

TOTAL 

PUMP'SERIAL 

MEDIA TYPE 


SERIAL 


PRE-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

FLOW RATE 

Time 
 seconds 

TIME 


~ ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ ~ ~ + ~ ~ ~ ~ - + ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  



f l ~ h $ k C  
w 

D 

- 
NAMEISS 

f 

mL) LPM 

FLOW 
mL) LPM 

TOTAL SAMPLE TIME (MIN.) a m  h ~ p  - 
LITERS S?'p ( ~ 1  

* J * x * x x * x = * * * ~ r i * = * * = - * ~ t r ~ ~ ? r ~ x ? r ? r * * * x ~ * ? r * * x x * * * = * = x x x * * x ~ * * = * x x ~ ~ ~ x x ~ * x x x * * ~ * * ~ ~ ~ x x ~ ~ x x x ? r x ~ x = ~ x ~  

$ AREA VR\h ~ L C ~ I &,P,J-%~ Ldh 

h\ C? PARAM ETER(S) 

PRE-CALIBFZATION 
mL) I V Q  

-- 'I.D 
I ims LPM 

TOTAL S-VYIPLE TIME (MIPJ.1 3;~; k+Lh 

DATE 

SAMPLER: 

TEST TYPE: 

EMPLOYEE # 

AREA: 

COMPANY NAME 


EMPLOYEE 

PUMP SERIAL # 

SERIAL 


PRE-CALIBRATION FLOW RATE 

Time (500 s e c o n d s  

POST-CALIBRATION RATE 
Time (500 s e c o n d s  

TOTAL SAMPLED 

TESTTYPE: EMPLOYEE 

EMPLOYEE 

AREA: 

PUMP'SERIAL # 

I 

, . 

MEDIA TYPE 


SERIAL # 

FLOW RATE 
Time (500 s e c o n d s  LPM 

POST-CALIBRATION FLOW RATE 
(500 m i )  s e c o n d s  



NAMEIAREA mglL Flowrate mglL (mglm3) 

(mg/L) (mglL)) I Liters)11000] (mglm3) 

Company Name: Elite Finishing - Nickel Sulfamate Rack 

Sample LPM Total Blank 
PARAMETER Date Minutes LITERS RESULTS OSHA LIM 

Blank 

Condition 23 - North 
Condition 23 - South 
Blank 

Condition 25 - North 
Condition 25 - South 
Blank 

Condition 26 - North 
Condition 26 - South 
Blank 

Calculation: [(Sample - Blank x 0.025 L] [(Total = X 



# 121 

= = 
MDL = In mg/L) 

CMDL of m g / ~  = 

LFB 

I I T I N  = 75 mi vnl~rmetric 11sed measllre v n l ~ ~ m e  

2 

2 5 

-0.005 

1 .oo = 100 1.0011 .OO = 100% ( 

PROJECT 100305: METHOD FOR NICKEL 
AIR FILTER CASSETTES IDL = 0.004 LOQ = 0.017 

Digestion on 11/7/05 LOD 0.008 RL 0 050 

BY ICP ON 11/9/05 0.007 (All DL 

DATA: 

Dilution ReadingSample # 

LRB 5 

25 7.28100305-1 

0.007 0.006 

x Recovery. 80.120%) 

EXPLANATIONS: 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

LRB = process were added, no filter. 


Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 

LFB = digestion process, again, no filter. 


class A flask was 
 tn the final 



# 

12/20105 = 
12/30105 MDL = (All DL rng/L) 

~ M D L  r n g i ~  = 

= I00 x 0 74910.80 = 80.120%) 

a3 kJI- b R  
%ddiL <La 

i.lre 
J bJcUhi\ t7. 

4 I3-E $JJ 

LFB = 

ml 
mg/L 

IN ORDER TO FACILITATE FURTHER CALCULATIONS, IF A READING IS <MDL, THEN 0.006 IS USED. 

PROJECT 110325: METHOD 121 FOR NICKEL 
AIR FILTER CASSETTES IDL = 0.004 LOQ = 0.017 

Digestion on LOD 0.008 RL = 0.050 

BY ICP ON 0.007 in 

DATA: 

of 0.007 0.006 

96% Recovery. ( 

3 

= 0.006 

EXPLANATIONS: 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

LRB = 
process were added, no filter. 


Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 

digestion process, again. no filter. 


DILUTION = class A volumetric flask was used to measure the final volume. 

READING = 
 as determined by average of three replicates on ICP. 

25 



12/20/05 

12/30/05 

= 
= 

MDL = (Ail rng/L) 

I I I I 
LRB 

LFB 

2 5 

2 5 

ml 
mg/L 

<MDL, 

-0.002 CMDL of0.007 m g / ~  = 

100 0.74910.80 ( 80-120%) 

PROJECT # 120034: METHOD 121 FOR NICKEL 
AIR FILTER CASSETTES 

Digestion on 

BY ICP ON 

IDL 0.004 LOQ = 
LOD 0.008 RL = 

0.007 

0.017 

0.050 

DL in 

DATA: 

Sample # Dilution Reading 

0.006 

= x = 96% Recovery,0.75 

EXPLANATIONS: 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

LRB = process were added, no filter. 


Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 

LFB = digestion process, again, no filter. 


DILUTION = 25 
 class A volumetric flask was used to measure the final volume 

READING = 
 as determined by average of three replicates on ICP. 

IN ORDER TO FACILITATE FURTHER CALCULATIONS, IF A READING IS THEN 0.006 IS USED. 
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MONlTORiNG DATA 
-- r S T i N G  - C O N S U L - ~ ~ G  
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,&Ji 
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o 4 
r I 

NAMEISS # bb 
\ XY \(%T,ZG h~k 

2 ~ ~ ~ ~ & B ~ Q 1 
PARAM ETER(S) kt 
MEDIATYPE 

4 

m L )  L'PM tJD 

- - ' 

mL) LPM 2 a I) 

TOTAL SAMPLE TIME (MIN.) 431 
Xkfh ( i  ) 

-*i**i***iri;fir**ii*i=riiiiri;*iir*iiii*i~*iift*riiiiiiriiiiiii<itiiiiii7iiii~*?;*tiii*+'n~iiiitiiiiii+ 

n .EMPLOYEE k 
NAMEIS'S 

PARAM ETER(S) pJ\ - - 
# 

?RE-CALIBRATION 
mL) - LPM bV 

Time mL) L?M > i d  
TOTAL (MIN.) y31 h\n 

r-- 

j t . 1  - ,+L i! z 3 S  S.&.M?LSD 

, 

AIR SHEET 

DATE 

-COMPANY NAME 

SAMPLER: 

TEST TYPE: EMPLOYEE AREA 

EMPLOYEE 

AREA: 

PUMP SERIAL # 
d 


W 

SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds  

POST-CALIBRATION FLOW RATE 
Time (500 seconds 


TOTAL LITERS SAMPLED 

TESTTYPE: AREA 

EMPLOYEE 

AREA: 

MEDIATYPE 


SERIAL 

FLOW RATE 
Time (500 seconds 

POST-CALIBRATION FLOW RATE 

(500 seconds 

, 

SAMPLE TIME 

. I 

- ,<\\ 



7- A\</ 

jw+- /. 
AciePLf :-LC 

=sr.TR=;d L A B o R m o R i E S  i N c  
-:511HC - C O N S U L - l h  G 

Ad- f :  ,;/ J>- \ ?  2J ; bQ".. i;,c P. 1 

JJ t- CLi 
cult' 

.4 
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__C_ 

NAMEISS /? - 

/ 

-J 

mL) 
5 - 0  

- 

- 

,. 

mL) A- C), 
TIME i % 7 m,;) @ . \  

3'1.8'1~ j ua\iq DL3 
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NAMEISS rC- 

AREA: L \ \ ~ ~ - ~ ~ <  TRa&ic CiG5j\ 

e 
4 

mL) 
3. 

mL) seconQs 3, \s 

(MIM.) L \ O \  [ m t s ~  
J 

LITEXS S A M ? i E 3  lib b) 

AIR MONITORING DATA SHEET 

7 

DATE 

COMPANY NAME 

SAMPLER: 


TESTTYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 

MEDIATYPE 

SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

POST-CALIBRATION FLOW RATE 

Time (500 seconds LPM 

TOTAL SAMPLE (MIN.) 

TOTAL LITERS SAMPLED 

TESTTYPE: 'EMPLOYEE AREA 

EMPLOYEE # 

. 

MEDIA TYPE 


SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds LPM 

POST-CALIBRATION FLOW RATE 
Time (500 LPM 

TOTAL SAMPLE TIME 

TOTAL 
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d 

4 

AREA: @,r;d (,[/8iEk 1:~di( 
\ 

# ~ ~ ! ? ~ L ~ . $ ~  3 ~'&l 
PARAMETER(S) 

I- 

d 
# 

i 

2.0 mL) 

mL) 

L@)?, L 
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NAMEISS # - fl 

- \  

/ l ( ~ I L e t  \L(ll,"r"l& {&!& 

PARAM ETER(S) /q~l" 1 - 
I-I 

mL) 2. 0 

mL) s ~ c o n d s  
I - 2 h 

TIME 1 \ 
4 

MONITORING DATA SHEET 


DATE 

COMPANY NAME 

SAMPLER: 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE NAMEISS # 

PUMP SERIAL 


MEDIA TYPE 

SERIAL 

PRE-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  LPM 

TOTAL SAMPLE TIME (MIN.) 

TOTAL LITERS SAMPLED 

TESTTYPE: AREA 

EMPLOYEE 


AREA: 


PUMP SERIAL # 


MEDIA TYPE 


SERIAL # 

PRE-CALJBRATION FLOW RATE 
Time (500 s e c o n d s  LPM 

POST-CALIBRATION FLOW RATE 
Time (500 LPM 

TOTAL SAMPLE (MIN.) 

*i*~*i**i~~ 



la), 1 L?. 

AIR MONITORING DATA 

t*i**x***ii**********i*******?;**i******~**tt*ic****.*it***~i~*~-~t***.~***~~?c**3r***?rt***t*ft**ti~*.*** 

o 

NAMEISS 'I.-- 

b05'~$03~&2. 

# 

a. u ' m ~ )  L P M  

mL) J. 0 
SL c'&] 
& -&9 
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& - 
NAMEfSS 

-. 

biLk[ 4 rwG $ \ i - \ s n ) \ 3 S o 3 2 3 ~  

PARAM ETER(S) ~~~~~ 
A - 

mL) 

POST-CALfBRATION 
mL) %+ 0 

(MIN.) 

- 
I OTAL i i T E 3 s '  S4iVi?iED 

SHEET 


DATE 


COMPANY NAME 

SAMPLER: 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE 

AREA: 

PUMP SERIAL# 

# 

MEDIA TYPE 

SERIAL 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds  

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 


TOTAL SAMPLE TIME (MIN.) 


TOTAL LITERS SAMPLED 


TESTTYPE: 
 EMPLOYEE AREA 

EMPLOYEE # . 
AREA: 

MEDIA TYPE 


SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

FLOW RATE 
Time (500 seconds  LPM 

TOTAL SAMPLE TIME 
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NICKEL. 
0 

= = 
1111 MDL = (All DL In mg/L) 

( 80.120%) 

- ~ &I 
bo 4; 1 

- 

# 

LRB 

ml 

mg/L 

-0.00 1 

IN ORDER TO FACILITATE FURTHER CALCULATIONS, IF A READING IS <MDL, THEN 0.006 IS USED 

CMDL of o 007 m g l ~  = 

PROJECT # 110200: METHOD 121 FOR 
AIR FILTER CASSETTES IDL = 004 

Digestion on 11/14/05 LOD 0.008 

BY ICP ON 5/05 0.007 

LOQ = 

RL 

0.017 

0 050 

DATA: 

Sample Di lut ion  

25 

R e a d i n g  

0.006 

= 100 x 1.0011 .OO = 90% Recovery, 

= 0.006 

= 0.006 

LRB = process were added, no filter. 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 
LFB = digestion process, again, no filter. 

class A volumetric flask was used to measure the final volume. DILUTION = 
as determined by average of three replicates on ICP. READING = 

25 



# 

LOD= 

= (All DL rng/L) 

LRB 2 5 

ml 
mg/L 

-0.005 

.OO 

IN ORDER TO FACILITATE FURTHER CALCULATIONS, IF A READING IS <MDL, THEN 0.006 IS USED. 

<MDL of 0.007 m g / ~  = 

= x 1.00/1.00 ( 80-120%) 

PROJECT 100305: METHOD 121 FOR NICKEL 
AIR FILTER CASSETTES IDL = 0.004 LOQ = 0.017 

Digestion on 11/7/05 0.008 RL = 0.050 

BY ICP ON 11/9/05 MDL 0.007 in 

DATA: 
Sample # Dilution 

LFB 

Reading 

25 1 

0.006 

100 = 100% Recovery. 

EXPLANATIONS: 
Laboratory Reagent Blank, where a beaker containing reagents used during the digestion 

LRB = process were added, no filter. 


Laboratory Fortified Blank, where LRB is essentially spiked with nickel and carried the 

LFB = digestion process, again, no filter. 


DILUTION = 25 
 class A volumetric flask was used to measure the final volume. 

READING = 
 as determined by average of three replicates on ICP 
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PARAM ETER(S) - 
MEDIA 

/ 

F L O V ~ ~  o m ~ )  L'PM 

' 

mL) 3J"J 

************i****.*******-***************************************~******

.EMPLOYEE 

NAMEISS e/ 

ha\; 
PARAM ETER(S) 

d 

mL) LPM Jb(5 

mL) '3 b 0 
n ~ \ z /  

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE NAMEISS # A 

AREA: 

TYPE 


SERIAL # 

PRE-CALIBRATION RATE a.Time(500 
 seconds  

POST-CALIBRATION FLOW RATE 
.Time (500 seconds  LPM 

TOTAL LITERS SAMPLED 

TESTTYPE: AREA 

EMPLOYEE # 

AREA: 

.-
MEDIA TYPE 

SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds  

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

TOTAL SAMPLE TIME (MIM.) 

************~***~****~******* 
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u 4 
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NAMEJSS 

1kmb 'i P G L C ~ ]  

# 2 - 
PARAM ETER(S) I4 

- 
/ 

# 

mL) L-PM o 
- 

mL) 

(MIN.) 39D (rv\ i - 4  .I 

' I L ~ )  
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2 
# 

PUMP # 

PARAM ETER(S) VL 
- 

(500 mL) LPM 3. 
mL) 

TlME (MIN.) 

MONITORING DATA SHEET 


DATE 

COMPANY NAME 

SAMPLER: 

TEST TYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 


PUMP SERIAL 


MEDIA TYPE 

SERIAL 

PRE-CALIBRATION FLOW RATE a,Time (500 seconds  

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

TOTAL SAMPLE TIME 

TOTAL LITERS SAMPLED 

TESTTYPE: -EMPLOYEE AREA 

-,

EMPLOYEE NAMEJSS 

SERIAL 

MEDIA TYPE 

SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time s e c o n d s  

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

TOTAL SAMPLE 

- 
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NAMEiSS t I\1P 
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PUMP # d @ x m ~ g ~ & &  

- 
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mL) 24 0 
- - 

mL) a d  b 
TOTAL SAMPLE TiME (MIN.) 23-5 rn,L.- 

LLTERS 
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PU M P' 1 h%x m ? ~ f  
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- 
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mL) 

POST-CALIBWTION 
-. 
i ime (500 mL) seconcjs i ? M  

TOTAL s.AM?LE TIME jMlN.) ag-7 dl 

,,Pi- -.LY'. 

a 
 - DATA SHEET 

DATE 

COMPANY NAME 
\ 

SAMPLER: 


EMPLOYEE 

AREA: 

TESTTYPE: EMPLOYEE AREA 

SERIAL 

SERIAL 


PRE-CALIBRATION FLOW RATE 
Time (500 s e c o n d s  LPM 

POST-CALIBRATION FLOW RATE . 
Time (500 s e c o n d s  LPM 

TOTAL SAMPLED 

TESTTYPE: o -EMPLOYEE 

EMPLOYEE 

AREA: 

SERIAL # 

MEDIA TYPE 


SERIAL 


FLOW RATE 
Time (500 seconds LPM 

FLOW RATE 
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PARAM ETER(S) bi 
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mL) '2iD 
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- - - A ,  
L ! , ~ i  LiTESS S A M ? L S D  

. 
AIR DATA SHEET 

. -

DATE 

COMPANY NAME 

SAMPLER: 

AREA: 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE 


MEDIA TYPE -
SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds  

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

t 

TOTAL SAMPLE TIME 

TOTAL SAMPLED 

TESTTYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 

,-

MEDIA TYPE 

SERIAL 

FLOW RATE 
Time (500 s e c o n d s  LPM 

POST-CALIB RATION FLOW RATE 
Time (500 seconds 


TOTAL TIME 


-- 

~  
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NAMEISS 

PUMP SERIAL m~ @' 3 cJ2 

PARAM p~i 
- 
2- 

rnL) I-PM 
2 .a 

mL) 

TIME (MIN.) 4i-54 5; LO-) 
TOTAL LITERS SAMPLED r c3 
+ * * * = * * r * x r * * x x * * - * - = * i * r * = = x * = i i i * * * ~ + 7 ~ ~ ~ * i * x r 7 - x  

NAME/SS w@ 

PARAM ETER(S) 
? 

--I 

# 

(500 mi) 

Tims mL) seconcrs LPM V' 

TIME (MIN.) Y d 3  ( t ~ m )  

, ' 

TEST TYPE: EMPLOYEE AREA 
\ 

EMPLOYEE # 


AREA: 


# 

ET ER (S) 

MEDIATYPE 


SERIAL # 

PRE-CALIBRATION FLOW RATE 
Time (500 seconds  

POST-CALIBRATION FLOW RATE 
Time (500 seconds  LPM 

TOTAL SAMPLE 


TESTTYPE: EMPLOYEE AREA 

EMPLOYEE # 

AREA: 

MEDIATYPE 


SERIAL 


PRE-CALIBRATION FLOW RATE 
Time seconds  LPM 

POST-CALIBRATION FLOW RATE 
(500 

TOTAL SAMPLE 
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Appendix D 


Stack Testing Field Data Sheets and Calibration Sheets 






















































































































Appendix D - 2 

Stack Testing Field Data Sheets and Calibration Sheets 



























































































































































Appendix E 

Laboratory QA/QC  Data for Stack Testing Samples



A When Samples received in house, they are logged in. 
IDS double checked by QA Coordinator when delivered to lab. 
Three samples per test run are received ... 1) front half- or probe rinse 

2) filter 
3) back half- or impringer 

D The Filter part of the sample run: 
1 ) these are large filter pads delivered in petrie dishes 
2) they are digested according to Method 29, sec 8.3.1.2. 
3) 4 rnls HF, and 6 rnls conc HN03 are the acids used. 
4) As long as the filter < 1 g, digestion is complete, in that the final solution is clear and colorless. 

Even though the procedure says to use 0.5 g sections; the chance of contamination is 
increased, and reagent use would double, conflicting with our pollution prevention 
philosophy. 

5) When the microwave digestions are completed, the digestion solution is quantitatively transferred 
to a 4-oz bottle and capped. 

6) A LRB and LFB is also included with this prep batch 

E The Probe rinse part of the sample run: 
1) these are dellivered in quart glass jars. 
2) they are digested according to Method 29, sec 8.3.3. 
3) the initial total volume of the sample is measured and recorded. 
4) the pH is checked with paper to insure it is < 2.0, and this is recorded. 
5) Since the sample is to be analyzed for nickel only, the total volume is used. 

The sample is "quantitatively" transferred to an appropriate sized beaker. 
6) Reduce volume to about 20 mls, by evaporating on a hot plate. 

this may take a couple of days, and sample must be protected from contamination, 
by covering the beakers overnight. 

7) The 20 rnls is then quantitatively transferred to a microwave vessel. 
8) 4 rnls HF, and 6 rnls conc HN03 are added to each vessel and the samples are then microwaved.. 
9) A LRB and LFB is also included with this prep batch. 
10) The digestate is then added to the corresponding "filter digestate" for the analytical fraction. 

The digestion sample is expected to be clear and colorless to be complete. 

F This analytical fraction corresponds to "analytical fraction IA": 
1) includes the filter pad and the probe rinse. 
2) When the digested solutions are combined, the final volume is adjusted to a convenient level 

with Dl water. (usually 100 mls) 
3) This sample is now ready for analysis by Flame AA. 

G The impinger samples corresponds to "analytical fraction 2A": 
1) dellivered in quart glass jars. 
2) digested according to Method 29, sec 8.3.4. And 8.3.4.2 
3) the initial total volume of the sample is measured and recorded. 
4) the pH is checked with paper to insure it is < 2.0, and this is recorded. 
5) Since the sample is to be analyzed for nickel only, the total volume is used. 

The sample is "quantitatively" transferred to an appropriate sized beaker. 
6) Reduce volume to about 20 mls, by evaporating on a hot plate. 

this may take a couple of days, and sample must be protected from contamination, 
by covering the beakers overnight. 

7) The 20 rnls is then quantitatively transferred to a microwave vessel. 

NI STACK TEST PROJECT 
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8) 10 rnls of 3% H202, and 10 rnls 50% HN03 are added to each vessel and the samples 
are then microwaved. 

9) A LRB and LFB is also included with this prep batch. 
10) quantitatively transfer the digested sample to a labeled 4-02 bottle. 

For uniformity, the volume is adjusted to 50 rnls using a 50-ml class A graduate. 
The digestion sample is expected to be clear and colorless to be complete. 

1 1 ) This sample is now ready for analysis by Flame AA. 

I The Microwave program is as follows: 
RAMP: 20 min 

power = 1000 watts 
temp = 170 degC 

HOLD: 10 rnin 
power = 700 watts 
temp = 170 degC 

VENT: 10 rnin 

The applications specialists at MILESTONE, determined that since the Microwave Digestion Unit 
has the capacity to monitor and control temperature, the program was set up a bit different than 
that stated in the Method 29. 

J Volumes were determined with Class A graduated cylinders, from 25 to 250-ml sizes. 
Because of the large volumes involved, measuring was to 0.2 rnls with the 25-ml only. The other 
two were 0.5. at best. 

K All pHs were checked and recorded as <2.0. 

L "QUANTITATIVELY" means that the containers used to transfer or hold the sample were carefully 
- 

rinsed with Dl, and those "rinses" were added to the sample base. 

M Procedure for Method 306A 

N For the calculation we are not concerned with volumes; just the actual mg of NI present. 
The initial volume of sample, and evaporating it down, is of no consequence. 
If a portion of the initial volume was used, this would be taken into account. 
The analytical fraction volume is used to adjust the mg/L Reading to just "MG". 

312912006LK 
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Appendix E - 2 

Laboratory QA/QC Data for Stack Testing Samples 



________---___-____-------------------------------------------------------------------- ________-_-___--_-_-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:34:20 
10:34:23 
10:34:25 

: 
: 
: 

___-_________--____-------------------------------------------------------------------- ___-__________-____------------------------------------_------------------------------- 
Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
L mg/ I, 

10:34:43 
10:34:45 
10:34:47 

%RSD: 

__--_--____----____-------------------------------------------------------------------- __--_--____-_--____-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

l f b  

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/ L 

10:35:00 - 
10:35: 
10:35:05 

: 
BRSD: 

....................................................................................... 

Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/L 

10:35:19 
10:35:22 
10:35:24 

: 
%RSD 

Element: 
 Seq. No.: 56 AS --- Date: 
Sample ID: lrb 
_____-_--_-_-_-____--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0582 0.0582 0.002 0.100 0.007 

2 0.0577 0.0577 0.002 0.100 0.007 

3 0.0534 0.0534 0.002 0.100 0.007 

Mean 


# 

0.0564 0.0564 0.002 

SD 
 0.0027 0.0027 0.000 

BRSD 
 4.73 4.73 4.73 


Element: Ni Seq. No.: 57 AS 
 : --- Date: 
Sample ID: ccb 
______________-____-------------_------------------------------------------------------

Peak Bkgnd Time 

# mg/ 
 Signal Area Area 

1 0.0055 0.0055 0.000 0.098 0.007 

2 0.0156 0.0156 0.001 0.099 0.006 

3 -0.0094 -0.0094 0.000 0.098 0.007 

Mean: 0.0039 0.0039 0.000 
SD : 0.0126 0.0126 0.000 

322.8 322.8 322.78 


Element: 
 Seq. No.: 58 AS --- Date: 
Sample ID: 
__--_--____-_--____--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 2.127 2.127 0.079 0.177 0.007 

2 2.101 2.101 0.078 0.176 0.007 02 

3 2.122 2.122 0.079 0.177 0.007 

Mean: 2.117 2.117 0.078 

SD 
 0.0136 0.0136 0.001 


0.64 0.64 0.64 


Element: 
 Seq. No.: 59 AS --- Date: 
Sample ID: ccb 
__----__-_-______-_---------------------_----------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0115 0.0115 0.000 0.098 0.007 

2 0.0158 0.0158 0.001 0.099 0.006 

3 0.0025 0.0025 0.000 0.098 0.007 

Mean: 0.0099 0.0099 0.000 
SD 

# 

0.0068 0.0068 0.000 

: 68.64 68.64 68.64 




________-______-_-__------------------------------------------------------------------- _______________-_-__------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:35:48 
10:35:51 
10:35:53 

SD 
%RSD 

_-___---_--_--------------------------------------------------------------------------- --___---_-___-_-_---------------------------------------------------------------------- 
Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:36:12 
10:36:14 
10:36:16 

0.000 
: 0.000 

%RSD 

__-___---_-_-__-___------------_------------------------------------------------------- __-------_-_-__-___-------------------------------------------------------------------- 
Ni Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:36:34 - 
10:36:36 

0.010 10:36:38 

%RSD: 

-_---_--_----______-------------------------------------------------------------------- 
Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr Bkgnd 
h' mg/ I, mg/L 

10:36:58 
10:37:01 
10:37:03 

: 0.000 
%RSD: 

Element: 
 Seq. No.: 60 AS --- Date: 
Sample ID: 072-1 
-________--_----___--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0622 0.0622 0.002 0.100 0.007 

2 0.0656 0.0656 0.002 0.100 0.007 

3 0.0624 0.0624 0.002 0.100 0.007 

Mean	: 0.0634 0.0634 0.002 

: 0.0019 0.0019 0.000 
: 3.04 3.04 3.04 

# 

Element: Ni Seq. No.: 61 AS 
 : --- Date: 
Sample ID: ccb 
---__-_---___--------------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0017 -0.0017 0.000 0.098 0.007 

2 -0.0028 -0.0028 0.000 0.098 0.007 

3 0.0007 0.0007 0.000 0.098 0.007 
Mean: -0.0013 -0.0013 
SD 

# 

0.0018 0.0018 

: 138.8 138.8 138.75 


Element: 
 Seq. No. : 62 AS : --- Date: 
Sample ID: 072-2 
_----_---_------___--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.2678 0.2678 0.010 0.108 0.007 

2 0.2550 0.2550 0.009 0.107 0.007 

3 0.2640 0.2640 0.108 0.007 


Mean: 0.2623 0.2623 0.010 
SD : 0.0066 0.0066 0.000 

2.51 2.51 2.51 


----------_-_-_____--------------------------------------------------------------------
Element: Ni Seq. No.: 63 AS 
 : --- Date: 
Sample ID: ccb 
_----_--_-__-_-____--------------------------------------------------------------------

Peak 
 Time 

Signal Area Area 


1 0.0005 0.0005 0.000 0.098 0.007 

2 0.0140 0.0140 0.001 0.098 0.006 

3 0.0050 0.0050 0.000 0.098 0.007 


Mean: 0.0065 0.0065 0.000 
SD 0.0069 0.0069 


106.1 106.1 106.08 


# 
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....................................................................................... 

Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
/L mg/L 

10:37:21 
10:37:23 
10:37:25 

BRSD: 

_______-_____---___----_----------_---------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:37:44 
10:37:47 
10:37:49 

BRSD: 

_____-____-_____-__------_---_--------------------------------------------------------- ____-__--____-__-__---------------------_---------------_------------------------------ 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
h' mg/L mg/L 

10:38:07 
10:38:09 
10:38:11 

: 
BRSD 

_______----_______-----------------------------_--------------------------------------- ______--_--____-__--------------------------------------------------------------------- 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L 

10:38:32 
10:38:34 
10:38:36 

%RSD 

Element: 
 Seq. No.: 64 AS --- Date: 
Sample ID: 072-3 
_____-_____-_-_____--------------------------------------------------------------------

Peak Bkgnd Time 

# mg 
 Signal Area Area 

1 0.0833 0.0833 0.003 0.101 0.007 

2 0.0761 0.0761 0.003 0.101 0.007 

3 0.0990 0.0990 0.004 0.102 0.006 

Mean: 0.0862 0.0862 0.003 
SD : 0.0117 0.0117 0.000 

13.60 13.60 13.60 


_______-_____-_-___--_-----------------------------------------_-----------------------

Element: 
 Seq. No.: 65 AS --- Date: 
Sample ID: ccb 
___-__--___-_-_-___--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0010 -0.0010 0.000 0.098 0.007 

2 -0.0071 -0.0071 0.000 0.098 0.007 

3 -0.0004 -0.0004 0.000 0.098 0.007 


Mean: -0.0028 -0.0028 0.000 
SD : 0.0037 0.0037 0.000 

# 

131.2 131.2 131.18 


Element: Ni Seq. No. : 66 AS --- Date: 
Sample ID: 072-4 
__---___-_-_____-__-----------_--------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 2.339 2.339 0.087 0.185 0.007 

2 2.365 2.365 0.088 0.186 0.007 

3 2.369 2.369 0.088 0.186 0.007 

Mean: 2.357 2.357 0.087 
SD 0.0163 0.0163 0.001 


: 0.69 0.69 0.69 


Element: Ni Seq. No.: 67 AS --- Date: 
Sample ID: ccb 
__-__-_---_________--------------------------------------------------------------------

Peak Bkgnd Time 

mg/ L Signal Area Area 


1 -0.0066 -0.0066 0.000 0.098 0.007 

2 -0.0051 -0.0051 0.000 0.098 0.007 

3 0.0099 0.0099 0.000 0.098 0.006 

Mean: -0.0006 -0.0006 0.000 
SD 	: 0.0091 0.0091 0.000 

: 1512 1512 1511.65 

# 
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_-_______-_-__-__---------------_------------------------------------------------------ _-_______-____-__-_-------------------------------------------------------------------- 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L L 

10:38:51 
10:38:53 
10:38:55 

%RSD: 

______________-__-_--------------_-------------------------_--------------------------- ______________-___------------------------------_-------------------------------------- 
Ni Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
L mg/L 

10:39:18 
10:39:21 
10:39:23 

: 
8RSD: 

________-_-__-_-_-------------------------------------------_-------------------------- ________----_---_------------------------_--------------------------------------------- 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

10:39:45 
10:39:47 
10:39:49 

: 
BRSD 

__-------_-_-_----_---------------------------------------_---------------------------- -_-_-----_-----_--_---------------_----_------------_---_------------------------------ 
Ni Loc.: 02/10/2006 
ccv-1 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:41:17 
10:41:19 
10:41:21 

: 
%RSD 

Element: Ni Seq. No. : 68 AS --- Date: 
Sample ID: 072-5 
______________-___---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.1799 0.1799 0.007 0.105 0.007 

2 0.1817 0.1817 0.007 0.105 0.007 

3 0.1761 0.1761 0.007 0.104 0.007 

Mean: 0.1792 0.1792 0.007 
SD : 0.0029 0.0029 0.000 

mg/
# 

1.59 1.59 1.59 


Element: 
 Seq. No.: 69 AS 
 : --- Date: 
Sample ID: ccb 
_-_-______--_-_-_----------------------------------------------------------------------

Peak Bkgnd Time 

# mg/ 
 Signal Area Area 

1 -0.0199 -0.0199 -0.001 0.097 0.007 

2 -0.0268 -0.0268 -0.001 0.097 0.007 

3 -0.0069 -0.0069 0.000 0.098 0.007 


Mean: -0.0179 -0.0179 -0.001 
SD 0.0101 0.0101 0.000 


56.43 56.43 56.43 


Element: Ni Seq. No.: 70 AS --- Date: 
Sample ID: ccb 
________-_-__-_-___--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0177 -0.0177 -0.001 0.097 0.007 

2 -0.0264 -0.0264 -0.001 0.097 0.007 

3 -0.0264 -0.0264 -0.001 0.097 0.007 

Mean: -0.0235 -0.0235 -0.001 
SD 0.0050 0.0050 0.000 


: 21.26 21.26 21.26 


Element: 
 Seq. No.: 71 AS --- Date: 
Sample ID: 
___--_---_-----_-__-------------------_------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.9524 0.9524 0.035 0.133 0.007 

2 0.9413 0.9413 0.035 0.133 0.007 

3 0.9532 0.9532 0.035 0.133 0.007 

Mean: 0.9490 0.9490 0.035 
SD 

# 

0.0067 0.0067 0.000 

: 0.70 0.70 0.70 
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-------------------------------------------------------------------------------------== --__-_-_____--_--__------------------------------------------------------------- 
Ni Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:42:59 
10:43:01 
10:43:04 

: 
BRSD 

------- 
Ni 73 Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
L mg/L 

10:43:18 
10:43:20 
10:43:22 

%RSD: 

....................................................................................... ...................................... ___-_______-_--_------------- 
Ni 74 Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

1 10:43:37 
10:43:39 
10:43:41 

%RSD 

---------_---+--___-------------------------------------------------------------------- ----------------___-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 
lfb 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/ L 

10:43:55 
10:43:57 
10:43:59 

: 
%RSD: 

Element: 
 Seq. No.: 72 AS 
 : --- Date: 
Sample ID: ccb 
_____________-_____---------------------------------------------------_----------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0007 0.0007 0.000 0.098 0.006 

2 -0.0042 -0.0042 0.000 0.098 0.007 

3 -0.0136 -0.0136 -0.001 0.097 0.007 

Mean: -0.0057 -0.0057 0.000 
SD 

# 

0.0072 0.0072 0.000 

: 126.8 126.8 126.80 


....................................................................................... 


Element: 
 Seq. No.: 
 AS --- Date: 
Sample ID: lrb 
_________--________------_-------------------------------------------------------------

Peak Bkgnd Time 

# mg/ 
 Signal Area Area 

1 0.0070 0.0070 0.000 0.098 0.007 

2 0.0279 0.0279 0.001 0.099 0.007 

3 0.0335 0.0335 0.001 0.099 0.006 


Mean: 0.0228 0.0228 0.001 
SD : 0.0140 0.0140 0.001 

61.34 61.34 61.34 


Element: 
 Seq. No.: 
 AS --- Date: 
Sample ID: ccb 
_-_-_--_-------_-_---------------------_-----------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 


-0.0051 -0.0051 0.000 0.098 0.007 

2 -0.0022 -0.0022 0.000 0.098 0.007 

3 -0.0067 -0.0067 0.000 0.098 0.007 

Mean: -0.0047 -0.0047 0.000 
SD : 0.0023 0.0023 0.000 

: 48.70 48.70 48.70 

Element: 
 Seq. No.: 75 AS --- Date: 
Sample ID: 
-------_-_-_-_--___------------------------------------_-------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 1.071 1.071 0.040 0.138 0.007 

2 1.079 1.079 0.040 0.138 0.007 

3 1.077 1.077 0.040 0.138 0.007 
Mean: 1.076 1.076 0.040 
SD 0.0041 0.0041 0.000 


0.38 0.38 0.38 




______-__________-_------------------------------------------------------------_------- -_____-____-_______-----------------------------------_-------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr Bkgnd 
# mg/L L 

10:44:20 
10:44:22 
10:44:24 

: 

_--_-_____-_-__--_--------------------------------------------------------------------- -----_-___-_-_---_--------------------------------------------------------------------- 
77 Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

0.100 10:44:40 
10:44:42 
10:44:45 

: 
8RSD 

____-____-_________-------------------------------------------------------------------- _________-_________-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

10:52:21 
10:52:23 
10:52:25 

: 
%RSD 

....................................................................................... 

Ni Loc.: 02/10/2006 

I 

BRSD: 

- - - - - - - - - - - - 

SampleConc StndConc BlnkCorr 
mg/ L mg/L 

10:52:34 
10:52:36 
10:52:38 

Element: 
 Seq. No.: 76 AS --- Date: 
Sample ID: ccb 
_________-_________--------------------------------------------------------------------

Peak 
 Time 

mg/ 
 Signal Area Area 


1 0.0138 0.0138 0.001 0.098 0.006 

2 -0.0013 -0.0013 0.000 0.098 0.006 

3 0.0028 0.0028 0.000 0.098 0.007 

Mean: 0.0051 0.0051 0.000 
SD 0.0078 0.0078 0.000 

BRSD: 153.2 153.2 153.21 


Element: Ni Seq. No.: 
 AS --- Date: 
Sample ID: 074-8 
--_--_-_-___-_-------------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0568 0.0568 0.002 0.007 

2 0.0573 0.0573 0.002 0.100 0.007 

3 0.0595 0.0595 0.002 0.100 0.007 


Mean: 0.0579 0.0579 0.002 
SD 0.0014 0.0014 0.000 


: 2.48 2.48 2.48 


Element: 
 Seq. No.: 78 AS --- Date: 
Sample ID: ccb 
--__-___---_-__--_------------------------------_--------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0387 -0.0387 -0.001 0.097 0.007 

2 -0.0199 -0.0199 -0.001 0.097 0.007 

3 -0.0255 -0.0255 -0.001 0.097 0.007 

Mean: -0.0280 -0.0280 -0.001 
SD 0.0096 0.0096 0.000 


: 34.37 34.37 34.37 


Element: 
 Seq. No.: 79 AS --- Date: 
Sample ID: ccb 


. 

Repl  Peak Bkgnd Time 
# Signal Area Area 

0.0129 0.0129 0.000 0.098 0.005 
2 -0.0342 -0.0342 -0.001 0.097 0.007 
3 -0.0313 -0.0313 -0.001 0.097 0.007 
Mean: -0.0175 -0.0175 -0.001 
SD : 0.0264 0.0264 0.001 

150.8 150.8 150.81 
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....................................................................................... -____________--__-_---------_---------------------------------------------------------- 
Loc.: 02/10/2006 

lfm 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:52:55 
10:52:58 
10:53:00 

BRSD: 

___-___-_--_---_-_--------------------------------------------------------------------- -__-___-_--_-_-____---------------------_-------------_---------------_---------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:53:13 
10:53:15 
10:53:17 

%RSD 

....................................................................................... 

Ni Loc. 02/10/2006 
lfm 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

1 10:53:36 
10:53:38 
10:53:40 

: 
%RSD 

__-_--__----___--__-------------------------------------------------------------------- ___________________-------------_------------------------------------------------------ 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:53:54 
10:53:56 
10:53:58 

BRSD: 

Element: Ni Seq. No.: 80 AS --- Date: 
Sample ID: 
_________-_______-_--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area
# 

1 1.115 1.115 0.041 0.139 0.007 

2 1.109 1.109 0.041 0.139 0.007 

3 1.116 1.116 0.041 0.139 0.007 
Mean: 1.113 1.113 0.041 
SD : 0.0039 0.0039 0.000 

0.35 0.35 0.35 


Element: 
 Seq. No.: 81 AS --- Date: 
Sample ID: ccb 
_-_-_-----__--___-_--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0045 0.0045 0.000 0.098 0.007 

2 -0.0253 -0.0253 -0.001 0.097 0.007 

3 -0.0035 -0.0035 0.000 0.098 0.007 

Mean: -0.0081 -0.0081 0.000 
SD 	: 0.0154 0.0154 0.001 

: 189.9 189.9 189.87 

# 

Element: 
 Seq. No.: 82 AS 
 : --- Date: 
Sample ID: dup 
______________-____--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1.025 1.025 0.038 0.136 0.007 

2 1.024 1.024 0.038 0.136 0.007 

3 1.040 1.040 0.039 0.136 0.006 
Mean: 1.030 1.030 0.038 
SD 0.0088 0.0088 0.000 


: 0.86 0.86 0.86 


Element: 
 Seq. No.: 83 AS --- Date: 
Sample ID: ccb 
_-__--_____-___-___------------------------------------------_-------_-----------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0091 -0.0091 0.000 0.098 0.006 

2 -0.0304 -0.0304 -0.001 0.097 0.007 

3 -0.0197 -0.0197 -0.001 0.097 0.007 


Mean: -0.0197 -0.0197 -0.001 
SD : 0.0106 0.0106 0.000 

# 

53.96 53.96 53.96 
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:a~ 

o as 
610'0 : 

LOO'O 
LOO'O '0 610'0 '0 
LOO'O 

# 

---: 
________--__-_-_-----------------------------------------------------------------------

'9 S8 '9 S8 '9 as~% 

as 

TOO '0-0610 0-
0-

LOO'O L60 '0 100'0-6 LTO '0-E 


TOO '0-z 

LOO'O SOZO'O-7: 


# 

---

• o as 
000 '0 0 : 

LOO'O 860'0 000 '0 
660'0 100 '0 8610'0 8610'0 z 

E 

LOO'O 860'0 000'0 '0-
# 

as 
800'0 : 

LOO'O 600'0 E 
LOO'O '0 800'0 TSTZ'O Z 
900'0 800 '0 PLZZ'O 

# 



___-_-___-____-____-------------------------------------------------------------------- --_-__-_--____-____--------------------_----------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

10:58:57 
10:59:00 
10:59:02 

: 
BRSD: 

_-_________________-------------------------------------------------------------------- _-_________________---------------------------_------------ --_____-_---__-------------- 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

10:59:23 
10:59:25 
10:59:27 

: 
BRSD 

--__-__------_-_--_------------------_--------------- ....................................................................................... 

Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L L 

-0.001 10:59:47 
10:59:49 
10:59:51 

: 
BRSD: 

....................................................................................... 

Ni Loc. 02/10/2006 

Rep1 SampleConc StndConc ~lnkCorr 
# mg/ L mg/L 

11:00:09 
1l:OO:ll 
11:00:13 

BRSD: 

Element: 
 Seq. No.: 88 AS --- Date: 
Sample ID: ccb 
-__-_-________-____----------------------------__--------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0177 -0.0177 -0.001 0.097 0.007 

2 -0.0051 -0.0051 0.000 0.098 0.006 

3 -0.0158 -0.0158 -0.001 0.097 0.007 

Mean: -0.0129 -0.0129 0.000 
SD 

# 

0.0068 0.0068 0.000 

52.77 52.77 52.77 


Element: Ni Seq. No.: 89 AS --- Date: 
Sample ID: 074-9 
--_-___-___________---------------------------_----------------------------_-----------

Peak Bkgnd Time 

Signal Area Area 


1 0.0411 0.0411 0.002 0.099 0.007 

2 0.0310 0.0310 0.001 0.099 0.007 

3 0.0268 0.0268 0.001 0.099 0.007 

Mean: 0.0330 0.0330 0.001 
SD 0.0073 0.0073 0.000 


: 22.24 22.24 22.24 


Element: Ni Seq. No.: 90 AS --- Date: 
Sample ID: ccb 
--_______-_-_--____--------------------------------------------------------------------

Peak Bkgnd Time 

mg/ 
 Signal Area Area 


1 -0.0197 -0.0197 0.097 0.007 

2 -0.0183 -0.0183 -0.001 0.097 0.007 

3 -0.0333 -0.0333 -0.001 0.097 0.007 
Mean: -0.0238 -0.0238 -0.001 
SD 0.0083 0.0083 0.000 


34.77 34.77 34.77 


Element: 
 Seq. No.: 91 AS 
 : --- Date: 
Sample ID: 074-10 
____________-______--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0582 0.0582 0.002 0.100 0.007 

2 0.0570 0.0570 0.002 0.100 0.007 

3 0.0584 0.0584 0.002 0.100 0.007 

Mean: 0.0579 0.0579 0.002 
SD : 0.0008 0.0008 0.000 

1.36 1.36 1.36 




-___-______-__-____---------__--------------------------------------------------------- -_________--__-____------------_------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg /L mg/L 

11:00:34 
11:00:36 
11:00:38 

: 
%RSD: 

--_______-_________ ---______-_____-___-------------------------------------------------------------------- ............................................................. 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

11:00:54 
11:00:57 
11:00:59 

: 
%RSD: 

_---_--__--__--_-_--------------------------------------------------------------------- _____________-__-__-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ I, 

11:01:16 
11:01:18 
11:01:20 

: 
BRSD 

-________-_-_______-------------------------------------------------------------- -__________________-------------------------------------------------------------------- ------ 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

-0.001 11:01:45 

....................................................................................... 

E1ement:Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/ L 

11:02:07 
11:02:09 
11:02:11 

: 
BRSD 

Element: 
 Seq. No. : 92 AS --- Date: 
Sample ID: ccb 

-_-__-__-__-_______--------------------------------------------------------------------

Peak Bkgnd Time 
# Signal Area Area 
1 0.0099 0.0099 0.000 0.098 0.006 
2 -0.0170 -0.0170 -0.001 0.097 0.007 
3 -0.0170 -0.0170 -0.001 0.097 0.007 
Mean: -0.0081 -0.0081 0.000 
SD 0.0155 0.0155 0.001 

192.6 192.6 192.59 

Element: Ni Seq. No.: 93 AS --- Date: 
Sample ID: 074-11 
--_______-_________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0227 0.0227 0.001 0.099 0.007 

2 0.0342 0.0342 0.001 0.099 0.007 

3 0.0364 0.0364 0.001 0.099 0.007 

Mean: 0.0311 0.0311 0.001 
SD 0.0074 0.0074 0.000 


23.71 23.71 23.71 


Element: 
 Seq. No. : 94 AS --- Date: 
Sample ID: ccb 
---__--____-----___--------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 -0.0455 -0.0455 -0.002 0.096 0.007 

2 -0.0259 -0.0259 -0.001 0.097 0.007 

3 -0.0419 -0.0419 -0.002 0.096 0.007 

Mean: -0.0378 -0.0378 -0.001 
SD 0.0105 0.0105 0.000 


: 27.72 27.72 27.72 


Element: 
 Seq. No.: 95 AS --- Date: 
Sample ID: Sample 
--------_----__-__---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0309 -0.0309 0.097 0.007 

Auto-zero performed. 


Seq. No.: 96 AS --- Date: 
Sample ID: ccb 
____-__--__________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0173 -0.0173 -0,001 0.096 0.007 

2 -0.0009 -0.0009 0.000 0.097 0.007 

3 -0.0153 -0.0153 -0.001 0.096 0.007 

Mean: -0.0112 -0.0112 0.000 
SD 0.0090 0.0090 0.000 


: 80.11 80.11 80.11 




....................................................................................... ---_-___--____-____----------------------------------------------------- 
97 Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:02:36 
11:02:38 
11:02:41 

: 
BRSD: 

,======================================================================================= 

Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

11:03:07 

11:03:11 

BRSD: 

--------------_--_______-_-------------------------------------------------------------------- 
Ni 99 Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

11:03:26 
11:03:28 
11:03:30 

%RSD: 

__-_---_---________-------------------------------------------------------------------- __-_-------_-______------------------_------------------------------------------------- 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:03:50 
11:03:52 
11:03:54 

BRSD: 

Element: Ni Seq. No.: 
 AS --- Date: 
Sample ID: 074-12 
--_______-____-____--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0670 0.0670 0.002 0.099 0.007 

2 0.0644 0.0644 0.002 0.099 0.007 

3 0.0754 0.0754 0.003 0.100 0.007 

Mean: 0.0690 0.0690 0.003 
SD 

# 

0.0058 0.0058 0.000 

8.36 8.36 8.36 


Element: 
 Seq. No.: 98 AS --- Date: 
Sample ID: ccb 
___________________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0000 0.0000 0.000 0.097 0.007 

2 0.0061 0.0061 0.000 0.097 0.007 11: 03: 09 

3 0.0042 0.0042 0.000 0.097 0.007 

Mean: 0.0034 0.0034 0.000 
SD : 0.0031 0.0031 0.000 

91.31 91.31 91.31 


-__-___-____--_--__------------------------------------------
Element: 
 Seq. No.: 
 AS --- Date: 
Sample ID: 074-13 
___________________---------------------------------------_----------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0958 0.0958 0.004 0.100 0.007 

2 0.1032 0.1032 0.004 0.101 0.007 

3 0.1032 0.1032 0.004 0.101 0.007 

Mean: 0.1008 0.1008 0.004 
SD : 0.0043 0.0043 0.000 

# 

4.24 4.24 4.24 


Element: Ni Seq. No.: 100 AS --- Date: 
Sample ID: ccb 
__-_--_--__-_______-------------------_------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0152 -0.0152 -0.001 0.096 0.007 

2 0.0029 0.0029 0.000 0.097 0.007 

3 0.0152 0.0152 0.001 0.097 0.007 

Mean: 0.0010 0.0010 0.000 
SD : 0.0153 0.0153 0.001 

1584 1584 1584.50 

# 



----------__--------------------------------------------------------------------------- .......................... ___________________-------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:04:25 
11:04:27 
11:04:29 

: 
BRSD 

--____-____________-------------------------------------------------------------------- --_-__-__-_________------------------------------------------------------------------ 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:04:58 
11:05:00 

0.007 11:05:02 

: 
BRSD: 

----------======-----------------------------========================================== 

Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

11:05:35 
11:05:37 
11:05:40 

%RSD: 

---_---_--__-_-_--_-------------------------------------------------------------------- __-_-___--_________-------------------------------------------------------------------- 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:06:46 
11:06:48 
11:06:50 

: 
9dRSD: 

Element: 
 Seq. No.: 101 AS --- Date: 
Sample ID: 074-14 
___________________-----------------_--------------------_-----------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0729 0.0729 0.003 0.100 0.007 

2 0.0662 0.0662 0.002 0.099 0.007 

3 0.0861 0.0861 0.003 0.100 0.007 

Mean: 0.0751 0.0751 0.003 
SD 

# 

0.0101 0.0101 0.000 

: 13.46 13.46 13.46 


--
Element: Ni Seq. No.: 102 AS --- Date: 
Sample ID: ccb 
-_____-_--_____---_--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0011 0.0011 0.000 0.097 0.007 

2 -0.0042 -0.0042 0.000 0.097 0.007 

3 -0.0126 -0.0126 0.000 0.096 

Mean: -0.0052 -0.0052 0.000 
SD 

# 

0.0069 0.0069 0.000 

132.3 132.3 132.25 


Element: 
 Seq. No.: 103 AS --- Date: 
Sample ID: ccb 
_-________--___--_---------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 -0.0061 -0.0061 0.000 0.097 0.007 

2 -0.0022 -0.0022 0.000 0.097 0.007 

3 0.0381 0.0381 0.001 0.098 0.006 
Mean: 0.0099 0.0099 0.000 
SD : 0.0245 0.0245 0.001 

246.4 246.4 246.45 


Element: Ni Seq. No.: 104 AS --- Date: 
Sample ID: ccv-2 
__-__--_--____-____-------_----------------------------_-------------------------------

Peak Bkgnd Time 
# Signal Area Area 
1 2.106 2.106 0.078 0.175 0.007 
2 2.062 2.062 0.076 0.173 0.007 
3 2.087 2.087 0.077 0.174 0.007 
Mean: 2.085 2.085 0.077 
SD 0.0216 0.0216 0.001 

1.04 1.04 1.04 
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....................................................................................... .................................. 

Ni Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:07:28 
11:07:30 
11:07:33 

BRSD: 

-------------------------_------------------------------------------------------------- 
Loc.: 02/10/2006 

lrb 

Rep1 SarnpleConc StndConc BlnkCorr 
# mg/L mg/L 

11:07:58 
11:08:00 

%RSD 

=-----================================================================================= 

E1ement:Ni Seq.N0.:107 Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

11:08:41 
11:08:44 
11:08:46 

: 
BRSD: 

-____--_--__-______-------------------------------------------------------------------- _--__----__________-----------_--------------------_-----------------------------_----- 
Ni Loc. 02/10/2006 
lfb 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/L 

11:09:03 
11:09:05 
11:09:07 

: 
%RSD: 

Element: 
 Seq. No.: 105 AS 
 : --- Date: 
Sample ID: ccb 
_---__----_____-_--------_-------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0038 0.0038 0.000 0.097 0.007 

2 0.0002 0.0002 0.000 0.097 0.007 

3 -0.0004 -0.0004 0.000 0.097 0.007 

Mean: 0.0012 0.0012 0.000 
SD : 0.0023 0.0023 0.000 

# 

187.5 187.5 187.55 


---_-______________-------_-------------------------------------------

Element: Ni Seq. No.: 106 AS --- Date: 

Sample ID: 

-_---____-________---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0309 0.0309 0.001 0.098 0.006 11: 07: 56 

2 0.0150 0.0150 0.001 0.097 0.007 

3 0.0301 0.0301 0.001 0.098 0.007 

Mean: 0.0253 0.0253 0.001 
SD : 0.0090 0.0090 0.000 

: 35.41 35.41 35.41 

AS 
 : --- Date: 
Sample ID: ccb 
___________________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0067 0.0067 0.000 0.097 0.006 

2 0.0220 0.0220 0.001 0.098 0.007 

3 0.0269 0.0269 0.001 0.098 0.006 

Mean: 0.0185 0.0185 0.001 
SD 0.0106 0.0106 0.000 


56.93 56.93 56.93 


Element: 
 Seq. No.: 108 AS 
 : --- Date: 
Sample ID: 
---_--_----_-______--------------------------------------------------------------_-----

Peak Bkgnd Time 

Signal Area Area 


1 0.5973 0.5973 0.022 0.119 0.006 

2 0.5800 0.5800 0.021 0.118 0.007 

3 0.5991 0.5991 0.022 0.119 0.007 

Mean: 0.5921 0.5921 0.022 
SD 

# 

0.0106 0.0106 0.000 

1.78 1.78 1.78 




....................................................................................... 

Ni 109 Loc.: --- 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

11:09:23 
11:09:25 
11:09:27 

: 
BRSD: 

----_-__---____-__--------------------------------------------------------------------- --_-_-__--____------------------------------------------------------------------------- 
Ni Loc.: --- 02/10/2006 
lfb 

Rep1 SampleConc StndConc BlnkCorr 
mg/L 

11:09:46 
11:09:48 
11:09:50 

: 0.000 
BRSD: 

__-__-_____-_-____--------------------------------------------------------------------- _____________--_-_--------------------------------_------------------------------------ 
Ni Loc. --- 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
L mg/L 

11:10:18 
11:10:20 
11:10:22 

8RSD 

-_---_----_-_-__----------------------------------------------------------------------- ____-____-________--------------------------------------------------------------------- 
112 Loc.: --- 02/10/2006 

074-1+15 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

0.101 11:10:45 
11:10:47 
11:10:49 

: 
BRSD: 

Element: 
 Seq. No.: 
 AS 
 Date: 

Sample ID: ccb 

___________________--------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 0.0202 0.0202 0.001 0.098 0.006 

2 0.0101 0.0101 0.000 0.097 0.006 

3 0.0181 0.0181 0.001 0.097 0.006 

Mean: 0.0161 0.0161 0.001 
SD 0.0053 0.0053 0.000 


33.00 33.00 33.00 


Element: 
 Seq. No. : 110 AS Date: 

Sample ID: 

---__-________--___--------------------------------------------------------------------

Peak Bkgnd Time 

mg/L Signal Area Area 


1 0.6011 0.6011 0.022 0.119 0.006 

2 0.6002 0.6002 0.022 0.119 0.006 

3 0.5978 0.5978 0.022 0.119 0.006 

Mean: 0.5997 0.5997 0.022 
SD 

# 

0.0017 0.0017 

0.28 0.28 0.28 


Element: 
 Seq. No.: 111 AS 
 : Date: 

Sample ID: ccb 

-_--_--_-------_-------_--------_-------------------_----------------------------------

Peak Bkgnd Time 

# mg/ 
 Signal Area Area 

1 -0.0070 -0.0070 0.000 0.097 0.007 

2 -0.0253 -0.0253 -0.001 0.096 0.007 

3 -0.0079 -0.0079 0.000 0.097 0.007 

Mean: -0.0134 -0.0134 0.000 
SD 	: 0.0103 0.0103 0.000 

: 76.58 76.58 76.58 

Element: Ni Seq. No. : AS 
 Date: 

Sample ID: 

__--------______-_---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.1152 0.1152 0.004 0.007 

2 0.1366 0.1366 0.005 0.102 0.006 

3 0.1144 0.1144 0.004 0.101 0.007 

Mean: 0.1221 0.1221 0.005 
SD 

# 

0.0126 0.0126 0.000 

10.33 10.33 10.33 
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___-___________-__-----------------------------------------------------_--------------- _-_-______________------------------------------------------------------_-------------- 
Loc . :  02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:11:23 
11:11:25 
11:11:27 

BRSD: 

....................................................................................... 

Ni Loc.: 02/10/2006 
lfm 

Rep1 SampleConc StndConc BlnkCorr 
# mg / L  mg /L 

11:11:40 
11:11:43 
11:11:45 

BRSD 

_______---_-_--_-__-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg /L 

11:12:30 
11:12:32 
11:12:34 

BRSD 

....................................................................................... 
Loc. 02/10/2006 

lfm 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:12:57 
11:12:59 
11:13:01 

BRSD: 

Element: Ni Seq. No.: 113 AS --- Date: 
Sample ID: ccb 
___________________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0051 0.0051 0.000 0.097 0.006 

2 -0.0013 -0.0013 0.000 0.097 0.007 

3 0.0002 0.0002 0.000 0.097 0.006 

Mean: 0.0013 0.0013 0.000 
SD : 0.0033 0.0033 0.000 

# 

250.1 250.1 250.08 


Element: 
 Seq. No.: 114 AS --- Date: 
Sample ID: 
-___-_____________---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 1.179 1.179 0.044 0.141 0.007 

2 1.189 1.189 0.044 0.141 0.006 

3 1.188 1.188 0.044 0.141 0.006 
Mean: 1.185 1.185 0.044 
SD : 0.0054 0.0054 0.000 

: 0.46 0.46 0.46 

_______------_-_-__--------------------------------------------------------------------
Element: 
 Seq. No.: 115 AS --- Date: 
Sample ID: ccb 
____-_--_-_-__-____--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0022 -0.0022 0.000 0.097 0.007 

2 -0.0061 -0.0061 0.000 0.097 0.007 

3 -0.0144 -0.0144 -0.001 0.096 0.007 

Mean: -0.0076 -0.0076 0.000 
SD : 0.0063 0.0063 0.000 

: 82.62 82.62 82.62 

# 

....................................................................................... 

Element: Ni Seq. No.: 116 AS 
 : --- Date: 
Sample ID: dup 

....................................................................................... 


Peak Bkgnd Time 

Signal Area Area
# 

1 1.173 1.173 0.043 0.140 0.007 

2 1.173 1.173 0.043 0.140 0.007 

3 1.165 1.165 0.043 0.140 0.007 
Mean: 1.170 1.170 0.043 
SD : 0.0044 0.0044 0.000 

0.38 0.38 0.38 




--_____-__--____------------------------_---------------------------------------------- _-__-_______--__-__------------_------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/ L 

11:13:33 
11:13:35 
11:13:38 

: 
%RSD 

-_---_-______--_-__-------------------------------------------------------------------- -__----______--_-_----_---------------------------------------------------------------- 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

11:13:53 
11:13:55 
11:13:57 

: 
BRSD 

----_-_------__------------------------------------------------------------------------ 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ 

11:14:11 
0.001 11:14:14 

11:14:16 

: 
8RSD: 

....................................................................................... 

Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:14:51 
11:14:53 
11:14:55 

: 
BRSD: 

Element: 
 Seq. No. : 117 AS --- Date: 
Sample ID: ccb 
-----__-------____------------------------------------------------_--------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0170 -0.0170 -0.001 0.096 0.007 

2 -0.0193 -0.0193 -0.001 0.096 0.007 

3 0.0040 0.0040 0.000 0.097 0.006 

Mean: -0.0108 -0.0108 0.000 
SD 

# 

0.0128 0.0128 0.000 

: 119.0 119.0 119.03 


Element: Ni Seq. No.: 118 AS --- Date: 
Sample ID: ser 
-------__-_----------------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.2375 0.2375 0.009 0.106 0.007 

2 0.2289 0.2289 0.008 0.105 0.007 

3 0.2428 0.2428 0.009 0.106 0.007 

Mean: 0.2364 0.2364 0.009 
SD 0.0070 0.0070 0.000 


: 2.97 2.97 2.97 


---__-_-------_---_--------------------------------------------------------------------
Element: Ni Seq. No.: 119 AS --- Date: 
Sample ID: ccb 
--_--__----__-_-_---------_-----------_------------------------------------------------

Peak Bkgnd Time 

L Signal Area Area 


1 0.0097 0.0097 0.000 0.097 0.006 

2 0.0227 0.0227 0.098 0.006 

3 -0.0144 -0.0144 -0.001 0.096 0.007 

Mean: 0.0060 0.0060 0.000 
SD 

# 

0.0189 0.0189 0.001 

313.6 313.6 313.63 


Element: 
 Seq. No.: 120 AS --- Date: 
Sample ID: ccb 
__----------_-_____--------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 -0.0323 -0.0323 -0.001 0.096 0.007 

2 -0.0242 -0.0242 -0.001 0.096 0.007 

3 -0.0285 -0.0285 -0.001 0.096 0.007 

Mean: -0.0283 -0.0283 -0.001 
SD 0.0041 0.0041 0.000 


14.34 14.34 14.34 




-_-__-_____-_______-----------------------------------------------_-------------------- ---_--______-_____--------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:15:15 
15:17 

11:15:19 

: 
BRSD: 

------------------------_------------------------------================================ 

Ni 122 Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

-0,001 11:15:37 
11:15:39 
11:15:41 

BRSD 

-_--_-_______-__-__-------------------------------------------------------------------- -_--______--_-__-__-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L / L  

1 11:15:57 
11:15:59 
11:16:01 

: 
BRSD: 

-_--_--_--_-_______-------------------------------------------------------------------- -_-----__-_-_______-------------------_-_---------------------------------------------- 
Seq. Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

1 11:16:15 
11:16:17 
11:16:20 

SD 
%RSD 

Element: 
 Seq. No.: 121 AS --- Date: 
Sample ID: ccv-0.25 
-_-_-______________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.2328 0.2328 0.009 0.105 0.006 

2 0.2453 0.2453 0.009 0.106 0.006 11: 

3 0.2199 0.2199 0.008 0.105 0.007 

Mean: 0.2327 0.2327 0.009 
SD 

# 

0.0127 0.0127 0.000 

5.47 5.47 5.47 


Element: 
 Seq. No.: 
 AS --- Date: 
Sample ID: ccb 
_-_______-_______----------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 -0.0256 -0.0256 0.096 0.007 

2 -0.0292 -0.0292 -0.001 0.096 0.007 

3 -0.0179 -0.0179 -0.001 0.096 0.007 

Mean: -0.0242 -0.0242 -0.001 
SD : 0.0058 0.0058 0.000 

: 23.96 23.96 23.96 

Element: 
 Seq. No.: 123 AS --- Date: 
Sample ID: ccv-0.1 
_--------_-----_-__--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


0.0996 0.0996 0.004 0.101 0.006 

2 0.0917 0.0917 0.003 0.100 0.007 

3 0.0904 0.0904 0.003 0.100 0.007 

Mean: 0.0939 0.0939 0.003 
SD 

mg
# 

0.0050 0.0050 0.000 

5.31 5.31 5.31 


# 

Element: Ni 
 No.: 124 AS --- Date: 
Sample ID: ccb 
-_-----__---____-__------------------------_-------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


-0.0415 -0.0415 -0.002 0.095 0.007 

2 -0.0305 -0.0305 -0.001 0.096 0.007 

3 -0.0226 -0.0226 -0.001 0.096 0.007 

Mean	: -0.0315 -0.0315 -0.001 

: 0.0095 0.0095 0.000 
: 30.19 30.19 30.19 



___________-_______-------------------------------------------------------------------- ____-______-_______-------------------------------------------------------------------- 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:16:28 
0.007 11:16:30 

11:16:32 

: 
%RSD 

....................................................................................... 

Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/L 

11:16:36 

....................................................................................... 

Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/ L 

11:16:46 
11:16:48 

: 
BRSD: 

Ni Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:16:52 

__-----_--_-_______-------------------------------------------------------------------- 
Ni Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/ I, 

11:16:58 
11:17:00 
11:17:02 

%RSD: 

Element: Ni Seq. No. : 125 AS --- Date: 
Sample ID: ccb 
----_-__-_-_______---------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 -0.0285 -0.0285 -0.001 0.096 0.007 

2 -0.0227 -0.0227 -0.001 0.096 

3 -0.0395 -0.0395 -0.001 0.095 0.007 

Mean: -0.0303 -0.0303 -0.001 
SD 0.0085 0.0085 0.000 


: 28.18 28.18 28.18 


Element: Ni Seq. No.: 126 AS --- Date: 
Sample ID: Sample 
___________________------------------------------_------------------_----_-------------

Peak Bkgnd Time 

# Signal Area Area 

1 -0.0197 -0.0197 -0.001 0.096 0.007 

Auto-zero performed. 


Element: 
 Seq. No.: 127 AS --- Date: 
Sample ID: ccb 
___________________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0123 -0.0123 0.000 0.096 0.007 11: 16: 44 

2 -0.0020 -0.0020 0.000 0.096 0.007 

3 0.0058 0.0058 0.000 0.096 0.007 
Mean: -0.0028 -0.0028 0.000 
SD 

# 

0.0091 0.0091 0.000 

320.2 320.2 320.19 


Element: 
 Seq. No.: 128 AS 
 : --- Date: 
Sample ID: Sample 


Peak Bkgnd Time 

# Signal Area Area 

1 0.0072 0.0072 0.000 0.096 0.007 

Auto-zero performed. 


_---------_-_-_-___--------------------------------------------------------------------
Element: 
 Seq. No.: 129 AS 
 : --- Date: 
Sample ID: ccb 
--_----_-_--___-___--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0106 -0.0106 0.000 0.096 0.007 

2 -0.0090 -0.0090 0.000 0.096 0.007 

3 -0.0123 -0.0123 0.000 0.096 0.007 

Mean: -0.0106 -0.0106 0.000 
SD : 0.0016 0.0016 0.000 

15.25 15.25 15.25 




-___-___--__--_-___-----------------_--------------------------- -________-__--_-_-_-----------------------------------------------------------------_-- -_--------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:17:20 
11:17:23 
11:17:25 

%RSD: 

___________________-------------------------------------------------------------------- __________________--------------------------------------------------------------------- 
Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:17:39 
11:17:41 
11:17:43 

%RSD: 

_-_-_---__-_---___----------_---------------------------------------------------------- _-_-_----_-_-_--__--------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 
074-2+16 

Rep1 SampleConc StndConc BlnkCorr 
mg/L L 

11:17:58 
11:18:01 
11:18:03 

: 
%RSD: 

------------------_-------------------------------------------------------------------- 
Ni Loc. 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

11:19:08 
11:19:10 
11:19:12 

SD 
%RSD: 

Element: 
 Seq. No.: 130 AS --- Date: 
Sample ID: ccv-0.1 
---_-____-__-_--_----------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.1067 0.1067 0.004 0.100 0.006 

2 0.1085 0.1085 0.004 0.100 0.007 

3 0.0893 0.0893 0.003 0.100 0.007 

Mean: 0.1015 0.1015 0.004 
SD : 0.0106 0.0106 0.000 

# 

10.41 10.41 10.41 


Element: Ni Seq. No.: 131 AS 
 : --- Date: 
Sample ID: ccb 
_-______-_-_____-_--------------------------------_------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0125 -0.0125 0.000 0.096 0.007 

2 -0.0038 -0.0038 0.000 0.096 0.007 

3 -0.0056 -0.0056 0.000 0.096 0.007 

Mean: -0.0073 -0.0073 0.000 
SD : 0.0046 0.0046 0.000 

# 

62.79 62.79 62.79 


Element: 
 Seq. No.: 132 AS --- Date: 
Sample ID: 
_-_-___-__-_-_---_---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area
mg/
# 

1 1.411 1.411 0.052 0.149 0.007 

2 1.386 1.386 0.051 0.148 0.007 

3 1.397 1.397 0.052 0.148 0.006 

Mean: 1.398 1.398 0.052 
SD 0.0126 0.0126 0.000 


0.90 0.90 0.90 


___---_____________---------------------------------------------------
Element: 
 Seq. No.: 133 AS 
 : --- Date: 
Sample ID: ccb 
__-_--_____________---------------------------------------------_----------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0063 0.0063 0.000 0.097 0.007 

2 0.0179 0.0179 0.001 0.097 0.007 

3 0.0265 0.0265 0.001 0.097 0.006 

Mean	: 0.0169 0.0169 0.001 

: 0.0101 0.0101 0.000 

# 

59.99 59.99 59.99 




_--__--______-_____---------------------------------------_---------------------------- _____-____-__-_____----------------------------------------------_--------------------- 
Ni Loc. 02/10/2006 
074-3+17 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:19:33 
11:19:35 
11:19:37 

%RSD 

---------------====---------------------------------=------============================ 

Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

11:19:53 
11:19:55 
11:19:57 

: 
%RSD: 

---_-__---_--_--__--------------------------------------------------------------------- ---_-_----_-_---__--------------------------------------------------------------------- 
Loc. 02/10/2006 

074-4+18 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

11:20:13 
11:20:15 
11:20:18 

%RSD: 

-_-----------_--_-_-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:20:47 
11:20:49 
11:20:51 

BRSD: 

Element: 
 Seq. No.: 134 AS 
 : --- Date: 
Sample ID: 
---__-__-_--____-__-----------------------------------------_--------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.2393 0.2393 0.009 0.105 0.007 

2 0.2307 0.2307 0.009 0.105 0.007 

3 0.2307 0.2307 0.009 0.105 0.007 

Mean: 0.2336 0.2336 0.009 
SD 	 : 0.0050 0.0050 0.000 

: 2.14 2.14 2.14 

# 

Element: 
 Seq. No. : 135 AS --- Date: 
Sample ID: ccb 
_____________--____--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0217 0.0217 0.001 0.097 0.006 

2 0.0168 0.0168 0.001 0.097 0.007 

3 0.0141 0.0141 0.001 0.097 0.007 

Mean: 0.0175 0.0175 0.001 
SD 0.0038 0.0038 0.000 


21.94 21.94 21.94 


Element: Ni Seq. No.: 136 AS 
 : --- Date: 
Sample ID: 
-_---_-------_---_---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.6003 0.6003 0.022 0.119 0.007 

2 0.5994 0.5994 0.022 0.119 0.007 

3 0.6388 0.6388 0.024 0.120 0.005 

Mean: 0.6129 0.6129 0.023 
SD : 0.0225 0.0225 0.001 

# 

3.67 3.67 3.67 


--------_----_----_--------------------------------------_-----------------------------
Element: 
 Seq. No. : 137 AS --- Date: 
Sample ID: ccb 
---------_-_-______-----------------------------------------_--------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0188 0.0188 0.001 0.097 0.006 

2 -0.0108 -0.0108 0.000 0.096 0.007 

3 -0.0038 -0.0038 0.000 0.096 0.007 

Mean: 0.0014 0.0014 0.000 
SD : 0.0155 0.0155 0.001 

1118 1118 1117.51 

# 
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__-_-___________-__-------------------------------------------------------------------- __-_____________-__-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 
074-5+19 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

11:22:07 
11:22:09 
11:22:12 

BRSD: 

_--___________--___--------------_---------------------------------_------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:22:29 
11:22:31 

0,000 11:22:33 

%RSD: 

======================================================================================= 

Loc.: 02/10/2006 
074-6+20 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:22:49 
11:22:51 
11:22:53 

: 
BRSD: 

_------___--___--__--------_----------_-----------_------------------------------------ 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

11:23:06 
11:23:09 
11:23:11 

%RSD: 

Element: 
 Seq. No.: 138 AS --- Date: 
Sample ID: 
_--________________-----------_--------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.5594 0.5594 0.021 0.117 0.007 

2 0.5527 0.5527 0.020 0.117 0.006 

3 0.5651 0.5651 0.021 0.117 0.007 

Mean: 0.5591 0.5591 0.021 
SD : 0.0062 0.0062 0.000 

1.11 1.11 1.11 


--__-_________--_-_------------------------------_-------------------------------------

Element: 
 Seq. No.: 139 AS --- Date: 
Sample ID: ccb 
-_-________________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0054 -0.0054 0.000 0.096 0.007 

2 -0.0042 -0.0042 0.000 0.096 0.007 

3 -0.0020 -0.0020 0.096 0.007 

Mean: -0.0039 -0.0039 0.000 
SD : 0.0017 0.0017 0.000 

# 

45.04 45.04 45.04 


Element: Ni Seq. No.: 140 AS --- Date: 
Sample ID: 
___-____-__________---_----------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area
# 

1 1.212 1.212 0.045 0.141 0.007 

2 1.220 1.220 0.045 0.142 0.007 

3 1.196 1.196 0.044 0.141 0.007 
Mean: 1.209 1.209 0.045 
SD 0.0124 0.0124 0.000 


1.03 1.03 1.03 


_----_-___--__---__--------------------------------------------------------------------
Element: 
 Seq. No.: 141 AS --- Date: 
Sample ID: ccb 
_---_-_____________-----------------_--------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0087 -0.0087 0.000 0.096 0.007 

2 0.0005 0.0005 0.000 0.096 0.006 

3 -0.0013 -0.0013 0.000 0.096 0.007 

Mean: -0.0031 -0.0031 0.000 
SD : 0.0049 0.0049 0.000 

155.9 155.9 155.91 




__-__-___~_--___-_----------------_-----------_---------------------------------------- _--__-___~_-______----------------_----------------------------_----------------------- 
Ni Loc.: --- 02/10/2006 
074-7+21 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:23:27 
11:23:29 
11:23:31 

: 
BRSD 

....................................................................................... 

Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:23:48 
11:23:50 
11:23:53 

%RSD: 

_________-_________-------------------------------------------------------------------- ______-__-_________-------------------------------------------------------------------- 
Ni Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
L mg/L 

11:25:05 
11:25:07 
11:25:09 

0.000 

BRSD: 

_--_--__--_________----------------------------------------------_--------------------- 
Loc.: 02/10/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

11:25:22 
11:25:24 
11:25:26 

SD : 
%RSD: 

Element: Seq. No.: 142 AS Date: 

Sample ID: 

___________________------------------------------------------------ _-------------------

Peak Bkgnd Time 
# Signal Area Area 
1 0.3496 0.3496 0.013 0.109 0.007 
2 0.3574 0.3574 0.013 0.110 0.006 
3 0.3588 0.3588 0.013 0.110 0.006 
Mean: 0.3553 0.3553 0.013 
SD 0.0050 0.0050 0.000 

: 1.39 1.39 1.39 

Element: Ni Seq. No.: 143 AS --- Date: 
Sample ID: ccb 
_____________-_____--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0081 0.0081 0.000 0.097 0.006 

2 0.0040 0.0040 0.000 0.097 0.006 

3 -0.0058 -0.0058 0.000 0.096 0.006 


Mean: 0.0021 0.0021 0.000 
SD : 0.0071 0.0071 0.000 

# 

338.8 338.8 338.80 


Element: 
 Seq. No.: 144 AS --- Date: 
Sample ID: ccb 
______-__-_~_______--------------------------------------------------------------------

Peak Bkgnd Time 

# mg/ 
 Signal Area Area 

1 0.0070 0.0070 0.000 0.097 0.005 

2 -0.0108 -0.0108 0.000 0.096 0.006 

3 0.0103 0.0103 0.000 0.097 0.006 


Mean: 0.0022 0.0022 
SD : 0.0114 0.0114 0.000 

525.0 525.0 525.00 


__-_--__-__-__-____--------------------------------------------------------------------
Element: Ni Seq. No.: 145 AS --- Date: 
Sample ID: ccv-2 

__-_--__--_________-------_------------------------------------------------_-----------

Peak Bkgnd Time 

Signal Area Area
# 

1 2.072 2.072 0.077 0.173 0.007 

2 2.062 2.062 0.076 0.173 0.007 

3 2.100 2.100 0.078 0.174 0.006 

Mean: 2.078 2.078 0.077 

0.0199 0.0199 0.001 
0.96 0.96 0.96 




....................................................................................... 

Ni L o c .  02/10/2006 

R e p 1  

: 
%RSD 

S t n d C o n c  
m g / L  

B l n k C o r r  

11:25:42 
11:25:44 
11:25:47 

....................................................................................... 


Element: Seq. N o .  : 14 6 AS : --- Date: 
Sample ID: ccb 

P e a k  B k g n d  T i m e  
# S i g n a l  A r e a  A r e a  
1 -0.0170 -0.001 0.096 0.007 
2 -0.0283 -0.001 0.095 0.007 
3 -0.0148 -0.001 0.096 0.007 

Mean: -0.0200 -0.001 
SD 0.0073 0.000 

: 36.29 36.29 



Prep M&hod: only one p a g ~ )  

ICP/FLAA: SM 3030 EPA 

ICP/FLAA: 200's, SW-846 3010A 
[CPIFLAA: EPA 

ICP/FLAA: 3005A 

ICP/FLAA: 3015A 

OTHER: 

G F M  SiM3030 

GFAA: EPA ZOO'S, 3020A 

GFAA: 

GFAA: SW-846 3015A (NoHCL) MIcROV\~AVE 

3EL::NG w A E R  =AQUEOUS 

STDS 

( .~15 - 
D 

S\QA IFM-041 W02 

1 

(check per 

E 

EPA 

F, 200.7 '82 
SW-846 


EPA 200.9 200.7 r4.4 

SW-846 


SW-846 
 MICROWAVE OTHER: 

(check only one per page) 

SPIKING PROVIDER 
QG21 . . 
QC-7 

Analyst: 

Start Date: 

FORMS \LK 

Page of 1 



Prep %?&h~d:  (check oniy 

ICPIFLAA: SM EPA 200.7 

I C P I F M :  200's, 3010A 

ICP/FLAA. 200.7 r4.4 

ICPIFLAA: 5\1\1446 3005A 

ICPIFLRA: 3015A 

OTHER: 

GFAA: 200.9 

GFAA: SW-846 3015A (NoHCL) MICROV\IAVE t 

only 
 AQUEOUS n 

Sfart 

i 
5->.  

S\QA \R02 

1 

LDT # 

quaQ&, 
-J a 

SPIKING 

D 

<:$% 1 

one 

3030 F, '82 

EPA SW-846 

EPA 

SW-846 MICROWAVE 

EPA 4 

(check one per page) 
OTHER: 

STDS 

QC-21 
QC-7 

PROVIDER 
Analyst: 

Date: 

FORMS IFM-041 \LK 

Page 
of 1 
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I 0  11 12 

10 <MDL 

"<", 

11 mglL VOL" 1 

1 & 

12 filter+probe 

212106LK 
SI LAB1 CoWkShl Nl TESTS1 

Xi USEPN NICEMI data1 

PROJECT 2006010214: METHOD 29 FOR NICKEL 

1 2 3 4 5 6 7 8 9 

Samples that read were assigned a value of one count less than the MDL to facilitate further calculations. 

Readings that read less than the MDL were qualified with which may or may not carry over to the final result. 

mg Ni = "Rdg" in X Analytical Fraction (rnls) X "INITIAL SAMPLE in rnls I "SF 2 A  in rnls X 1 L 1000 rnls 

Initial sample volume is "Sample Fraction", as all sample was used. (There were no "splits") 
So. "INITIAL SAMPLE VOL" in rnls -3)"SF 2A" in rnls = 1 (per Eq 29-2, 

According to RUN ID, the rinse were added to irnpinger results: as "mg of Nickel" 

STACK 2005 METHOD 29 
PROJECT 21 Analytical METHOD 29-2 
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'. QAIQC NICKEL 
FI-AA MET-040 
' 5100AA 

1 WINLAB. 

Cat 1 Conc 1 I I % 

Corr. 

(MnlL) 
IDLa 

MDL= 
= 

LDR = 

& # 

yxxxxcm 

I CCV 1 1 I 1 1 1 95-105%R 

i 95-105%R 

Callbration 

CRA, AAT 

s 

(< ) 

90-1 10%R ) 

( 20UR ) 

( 4 0  RPD, 1F SA > 20X 

ZIO .O .O 1.9 <IO%DlFF) 

05H062 
CPI # 05H062 

QC-19 # 05F011 

< 

90-1 I 

MAT-RIX I I RESULTS I ' g f L  I mg/L I 

(< 

( 90-1 OXR j 

( 1 1 I I 1 (< MDL 

( 80-:20%R ) 

> j 

PC ICP 

CCB 

CCV .OO 

.O 
i 

i< ) 

90-7 1O%R 

WORK SHEET for Date: 2/2/2006 
Analyst: LKMETHOD SOP 

0.027CURRENT COPY OF METHOD AVAILABLE IN 
0.075 

(For Specific Instrument settings, see current copy of method.) RL 0.10 
2 INSTRUMENT SET-UP: 

0.10 to 8.0 

3 CALIBRATION: 4 STANDARD TRACEABILITY 
Curve: Abs Result Rec. QC STANDARD Standard Name, Company, Lot 

CPI QC-21 Lot # 

CCV, QC-21 Lot 

QCS, LFM CPI Lot 

Coef: 

7.00 

2.00 

5.00 

0.036 

0.077 

0.182 

0.974 

2.097 

4.963 

0.9996 

97.4 

104.9 

99.3 

0.995 

SAMPLE ANALYTICAL RUN 
BLKSAMPLE RESULTSTD CONC 

REP'T
DIL 1 

)I 5.00 4.936 4.936 99 ( ) 

QCS 2.00 2.085 2.085 104 

MDL 

( 

80-1 

MDL) 

SER DIL 0.340 0.026 0.315 1 I ( 

MDL 

1 

I II I 

M29 214-7+9 

1 0.952 

1.925 

-0.026 

-0.024 

0.978 

1.949 1 1.0 

98 

1.949 1.949 

MDL 

( 

-0.026 0.004-0.030 0.004 

) 

MDL ) 

I )0.060LRB 0.068 0.007 0.060I I 
LFB 1.00 115 

1 



QAlQC NlCKEL p2 
F'.AA 

AA 

MDL) 

> 

Date: 2/2/2006WORK SHEET for 
METHOD SOP MET-040 Analyst: LK 

5100 

, 

20X MDL) 

20X 

2 0 X  MDL) 



-----------C- 

nm 

....................................................................................... 
Loc.: 

Rep1 SampleConc S tndConc  B lnkCor r  
# mg/L mg/L 

10 :18 :41  
10 :18 :43  
10 :18 :45  

-0 .011  
: 

%RSD: 
o m e d .  

....................................................................................... 
E 1 e m e n t : N i  S e q . N o . :  Loc . :  

Rep l  
# mg/L 

Y e  
,D : 

%RSD 

B l n k C o r r  

10 :18 :53  
10:18:55  
10:18:57 

0 .001  

N i  Loc. :  

R e p l  S tndConc  
# mg/L 
I 

: 
%RSD 

B l n k C o r r  

10 :19:03  
1 0 : 1 9 : 0 5  

....................................................................................... 


Method Name: N I  E i emen t :  N i  
Method D e s c r i p t i o n :  N i c k e l  

Da t e :  02 /02/2006 
T e c h n i q u e: Flame C a l i b r a t i o n  E q u a t i o n :  Z e r o  I n t e r c e p t :  L i n e a r  
Wave leng th :  232 .0  S l i t  Width:  0 . 2 0  nm 
Lamp C u r r e n t :  2 0  Energy:  7 1  
Sample  I n f o  F i l e :  U n t i t l e d  R e s u l t s  Data  S e t :  

....................................................................................... 
Elemen t :  N i  Seq .  No.: 265 AS --- D a t e :  02 /02 /2006  
Sample  ID: C a l i b  Blank  
....................................................................................... 


Peak Bkgnd Time 
S i g n a l  Area  A r e a  

1 - 0.011  0 .096  0 . 0 0 6  
2 - 0 .011  0.096 0 . 0 0 6  
3 - 0 .011  0 .095  0 .006  

Mean: 

SD 0 .000  


1 . 3 9  
A u t o- z e r o  p e r f  

....................................................................................... 
266 AS --- D a t e :  02 /02 /2006  

Sample  ID: C a l i b  Blank  

S tndConc  Peak Bkgnd Time 
mg/ L  S i g n a l  Area  A r e a  

1 0.000 0 .096  0 .005  
2 0 .001  0.096 0 .006  
3 0 .001  0.097 0 .005  

a n: 0 . 0 0 1  

SampleConc 

: 61.54 
A u t o- z e r o  p e r f o r m e d .  

-__----_-_-----------------------------------------------------------------------------
E l e m e n t :  Seq .  No. : 267 AS --- Date: 02 /02 /2006  
Sample  I D :  C a l i b  B lank  

Peak Bkgnd Time 
mg/ L S i g n a l  A r e a  A r e a  

- 0 .001  0 .096  0 .006  1 0 :  19 :  0 1  
2 - 0 .001  0.096 0 . 0 0 6  
3 - 0 .001  0.096 0 . 0 0 6  

Mean: - 0.001  
SD 0 .000  

: 1 4 . 2 9  
A u t o- z e r o  p e r f o r m e d  

SampleConc 
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___--_-___-__--____-------------_------------------------------------------------------ 
E i e m e n t : N i  Seq. 02;02/2006 

CAL 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

10:19:28 
10:19:30 
10:19:33 

: 

C0.251 

Loc. 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:19:58 
10:20:00 
10:20:02 

[O. 501 

Ni Loc. 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

10:20:22 
10:20:24 
10:20:26 

: 
BRSD 

[1.00] 

....................................................................................... 
Ni Loc. 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:20:46 
10:20:49 
10:20:51 

: 
%RSD 

[2.00] 

_-_-_____--__-___-_----------------_-------------------------------------_-------------


STD 
No.: 268 AS LO~.:--- Date: 


Sample ID: 

____---__---_--____--------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 0.009 0.105 0.006 

2 0.009 0.105 0.005 

3 0.009 0.105 0.006 

Mean: 0.009 

SD 
 0.000 

BRSD: 2.79 

Standard number 1 applied. 

Correlation Coefficient: 0.9985 Slope: 0.0371 


____---__----______--------------------------------------------------------------------
Element: Ni Seq. No.: 269 AS 
 : --- Date: 02/02/2006 

Sample ID: cal std 2 

....................................................................................... 


Peak Bkgnd Time 

# Signal Area Area 

1 0.018 0.114 0.006 

2 0.019 0.115 0.006 

3 0.019 0.115 0.006 

Mean: 0.019 

SD : 0.000 

BRSD: 1.99 

Standard number 2 applied. 

Correlation Coefficient: 0.9988 Slope: 0.0370 


....................................................................................... 

Element: 
 Seq. No.: 270 AS 
 : --- Date: 02/02/2006 
Sample ID: cal std 3 
....................................................................................... 


Peak Bkgnd Time 

# Signal Area Area 

1 0.036 0.131 0.006 

2 0.036 0.132 0.006 

3 0.036 0.131 0.006 
Mean: 0.036 
SD 0.000 


: 0.44 
Standard number 3 applied. 
Correlation Coefficient: 0.9992 Slope: 0.0368 

....................................................................................... 

Element: 
 Seq. No.: 271 AS 
 : --- Date: 02/02/2006 
Sample ID: cal std 4 
....................................................................................... 


Peak Bkgnd Time 

# Signal Area Area 

1 0.077 0.172 0.005 

2 0.076 0.172 0.006 

3 0.078 0.174 0.005 
Mean: 0.077 
SD 0.001 


: 1.58 
Standard number 4 applied. 
Correlation Coefficient: 0.9996 Slope: 0.0367 
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Eiemenc: Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
# mg/ L mg/L 

10:21:14 
10:21:16 
10:21:18 

: 
%RSD: 

[5.00] 

GAL 

(mg/Lf img/L) 
---- 

1-00 

%RSD 

___-_______________-------------------------------------------------

Seq. No.: 272 A5 --- Date: 02/02/2006 

Sample ID: cal std 5 
__--______________---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.182 0.278 0.005 

2 0.183 0.279 0.005 

3 0.181 0.277 0.005 
Mean: 0.182 
SD 0.001 


0.50 

Standard number 5 applied. 

Correlation Coefficient: 0.9996 Slope: 0.0367 


Concentration 

Calibration data for Ni 
Entered Calculated 

Mean Signal Concentration Concentration Standard 
Standard ID 
Calib Blank 

(Absorbance) 
0.000 0.000 

Deviation 
0.0001 14.2878 

STD 0.009 0.25 0.2482 0.0003 2.7920 
cal std 2 0.019 0.50 0.5112 0.0004 1.9883 
cal std 3 0.036 0.9742 0.0002 0.4437 
cal std 4 0.077 2.00 2.097 0.0012 1.5791 
cal std 5 0.182 5.00 4.963 0.0009 0.4990 

Correlation Coefficient: 0.99961 Slope: 0.03669 
...................................... 



....................................................................................... 

Xi L o c . :  Daze: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

10:21:32 
10:21:34 
10:21:36 

: 
%RSD 

---------------------------------==------------====~=================================== 

E1ement:Ni Loc.: 
qcs-2 

Rep1 SampleConc StndConc BlnkCorr 
mg/L 

10:22:04 
10:22:06 
10:22: 

%RSD 

________________Y__-------------------------_---------------------------------------- ___________________-------------------------------------------------------------------- 
Ni LOC.: 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

10:24:48 
10:24:50 
10:24:52 

: 
%RSD : 

___---______&______------------------------------------------------------------------- 

E1ement:Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:25:22 
10:25:24 

0.001 10:25:26 
: 
: 0.001 

% 

Element: 
 Seq. No.: 273  AS --- 02/02/2006 
Sample ID: ccv-5 
___________________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area
# 

1 4.904 4.904 0.180 0.276 0.005 

2 4.946 4.946 0.181 0.277 0.005 

3 4.959 4.959 0.182 0.278 0.005 
Mean: 4.936 4.936 0.181 
SD 0.0291 0.0291 0.001 


: 0.59 0.59 0.59 


Seq. No.: 274 AS --- Date: 02/02/2006 
Sample ID: 
___-__________---__--------------------------------------------------------------------

Peak Bkgnd Time 

# mg/ L 
 Signal Area Area 

1 2.092 2.092 0.077 0.172 0.006 

2 2.073 2.073 0.076 0.172 0.007 

3 2.091 2.091 0.077 0.172 0.006 08 
Mean: 2.085 2.085 0.077 
SD : 0.0109 0.0109 0.000 

: 0.52 0.52 0.52 

Element: 
 Seq. No.: 275 AS --- Date: 02/02/2006 
Sample ID: ccb 
__________-________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0067 -0.0067 0.000 0.095 0.006 

2 -0.0213 -0.0213 -0.001 0.095 0.006 

3 -0.0116 -0.0116 0.000 0.095 0.006 

Mean: -0.0132 -0.0132 0.000 
SD 
 0.0074 0.0074 0.000 


56.26 56.26 56.26 


____----_---_______--------------------------------------------------------------------
Seq. No.: 276 AS --- Date: 02/02/2006 

Sample ID: cra-0.05 
_---_--______-_____-----------------------------_--------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0464 0.0464 0.002 0.097 0.006 

2 0.0112 0.0112 0.000 0.096 0.007 

3 0.0371 0.0371 0.097 0.006 

Mean 


# 

0.0315 0.0315 0.001 

SD 
 0.0182 0.0182 

RSD: 57.81 57.81 57.81 
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Ni Loc.: 

Rep1 SampleConc S tndConc  B lnkCor s  
mg/L mg/L 

10 :25 :50  
10:25:52  
10:25:54 

: 
BRSD: 

.................................................................... 

N i  Loc .  

Rep1 SampleConc S tndConc  B lnkCor r  
mg/L mg/ L 

1 0 : 2 6 : 1 6  
10:26:18  
10:26:20  

: 
BRSD: 

_____A_____________----------------------------_----------b---------------------------- 

Ni Loc. :  
f+p r  

Rep1 SampleConc S tndConc  B lnkCor r  
# mg/ L mg /L 

- 1 10 :26 :55  
10:26:57  
10:26:59 

: 
%RSD: 

-----------------------------------------=========~-=================================== 

N i  Loc . :  

______--_-_-_-___-_---------------_--------d----------&-------------------------------- 

Rep1 SampleConc S tndConc  B lnkCor r  
# mg/L mg/L 

10 :27 :47  
10:27:49 
10 :27 :51  

: 
BRSD 

____-______________-----------_--------------------------------------------------------
Elemen t :  Seq .  N o . :  277 AS --- Date: 02/02/2006 
Sample I D :  c r a - 0 . 1  
_______-___________------------_-----_-------------------------------------------------

Peak  Bkgnd Time 
S i g n a l  Area  A r e a  


1 0 .0639 0 .0639  0.002 0 .098  0.007 

2  0 .0732  0 .0732  0.003 0 .098  0.007 

3 0.0677 0 .0677  0.002 0 . 0 9 8  0.007 


Mean: 0.0682 0 .0682  0 . 0 0 3  
SD 

# 

0.0047 0 .0047  0 .000  
6 .85  6 .85  6 .85  

E lemen t :  Seq .  N o . :  278  AS : --- Date :  02 /02/2006 
Sample  I D :  c c b  
_______________-__------_--------------------------------------------------------------

Peak  Bkgnd Time 
S i g n a l  A r e a  A r e a  


1 - 0.0193 - 0.0193 - 0.001  0 . 0 9 5  0 .006  

2  - 0.0328 - 0.0328 - 0.001 0 .094  0 .007  

3  - 0 .0091  - 0.0091 0 .000  0 .095  0 .006  


Mean: -0.0204 - 0.0204 - 0 .001  
SD 

# 

0.0119 0 .0119  0 .000  
58 .39  5 8 . 3 9  58 .39  

________________-__----------------------------_-----------_---------------------------
Element :  Seq .  No.: 279  AS --- D a t e :  02 /02/2006 
Sample  I D :  l r b  
-__-______--____-----------------------------------------------------------------------

Peak  Bkgnd Time 
S i g n a l  A r e a  A r e a  

0 .0026  0 .0026  0 .000  0 .096  0 .006  
2 - 0.0029 - 0.0029 0.000 0 .096  0.007 
3 0 .0128  0 .0128  0 .000  0 .096  0.007 

Mean: 0 , 0 0 4 2  0.0042 0 .000  
SD 0 .0080 0 .0000  0.000 

1 8 9 . 8  1 8 9 . 8  189 .78  

E lemen t :  Seq .  No.: 280  AS --- D a t e :  02 /02 /2006  
Sample I D :  c c b  

Peak  Bkgnd Time 
S i g n a l  A r e a  A r e a  

1 0 .0092 0 .0092  0 .000  0 , 0 9 6  0 .005  
2  0 .0001  0 .0001  0.000 0 .096  0.006 
3 0.0084 0.0084 0.000 0 . 0 9 6  0.006 

Mean: 0.0059 0 .0059  0.000 
SD 0 .0051  0 .0051  0.000 

: 85 .93  8 5 . 9 3  85 .93  
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....................................................................................... 

Ni 281 Loc. : Dace: 
l f b  f+pr 

Rep1 SampleConc S tndConc  B lnkCor r  
mg/L mg/L 

10 :29 :10  
10:29:  
10 :29:14  

: 
BRSD: 

__--___-______-_-__------------------------------------------------------------------- __--_______________-------------------------------------------------------------------- 
E 1 e m e n t : N i  S e q . N 0 . : 2 8 2  Loc. :  

Rep1 SampleConc S tndConc  B lnkCor r  
# mg/L mg/ L 

10 :31 :33  
10 :31 :36  
10 :31 :38  

: 
%RSD 

-------------------------------------------------=------------------------------------- -_-_-__-_-_-_-___-_--------------------- 
Ni S e q . N o . :  Loc- :  

283-11 

Rep1 SampleConc S tndConc  B lnkCor r  
mg/L mg/L 

10:32:05  
- 

10:32:07  
10:32:09  

: 
%RSD : 

-__-_------_-_-__---------------------------------------------------------------------- 
E 1 e m e n t : N i  S e q . N o . :  Loc.  

---------------------------------------2----------------------------------------------- 

Rep1 SampleConc S tndConc  B lnkCor r  
mg/L mg/L 

10:32:26  
10 :32 :28  
10:32:30  

%RSD 

# 

Element :  Seq. N o . :  AS --- 02 /02 /2006  
Sample ID: 
_-________________---------------------------------------------------------------------

Peak  Bkgnd Time 
S i g n a l  A r e a  A r e a  

1 1 . 0 6 3  1 . 0 6 3  0 .039  0 . 1 3 5  0 .007  
2  1 . 0 9 3  1 . 0 9 3  0 .040  0 . 1 3 6  0 .006  1 2  
3 1 . 1 0 7  1 .107  0 . 0 4 1  0 .136  0 .006  

Mean: 1 .088  1 . 0 8 8  0.040 
SD 0 .0225 0 .0225  0 . 0 0 1  

2.07 2 .07  2 .07  

AS --- D a t e :  02 /02 /2006  
Sample ID: c c b  
--_-__-_-____-----_------------------------------------_&------------------------------

Peak  Bkgnd Time 
S i g n a l  A r e a  A r e a  


1 - 0.0096 - 0.0096 0 .000  0 .095  0 .006  

2 - 0.0503 - 0.0503 - 0.002  0 .094  0.008 

3 - 0.0373 - 0.0373 - 0 .001  0.094 0.007 


Mean: - 0.0324 - 0.0324 - 0 .001  
SD 0 .0208 0.0208 0 . 0 0 1  


: 64.12 64.12 64 .12  


_____-_-----_--------------
Elemen t :  2 8 3  AS --- Date :  02 /02 /2006  
Sample I D :  
-_---__--__---_-___--------------------------------------------------------------------

Peak  Bkgnd Time 
S i g n a l  A r e a  A r e a  


1 0.0640 0 .0640  0.002 0 .098  0 . 0 0 6  

2  0 .0774  0.0774 0 .003  0 .098  0 , 0 0 5  

3 0 .0792  0 .0792  0 .003  0 .099  0 . 0 0 5  


Mean: 0 .0735  0 .0735  0 .003  
SD 0 .0083  0 .0083  0 .000  

1 1 . 2 3  11 .23  1 1 . 2 3  

...................................................................................... 

284 AS : --- D a t e :  02 /02 /2006  

Sample  ID: ccb 

# 

Peak  Bkgnd Time 
S i g n a l  A r e a  A r e a  

1 - 0.0103 - 0.0103 0 .000  0 .095  0 .006  
2 0 .0088  0.0088 0 .000  0 .096  0 .005  
3  - 0.0045 - 0.0045 0 .000  0 .095  0 . 0 0 6  

Mean: - 0.0020 - 0.0020 0 .000  
SD : 0.0098 0 .0098  0 .000  

: 489 .3  489 .3  489 .25  

# 



....................................................................................... -___-_-____-____-__--------------------------------------------------------------- 
Ni l i S  Loc. : 
203-10+12 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:32:50 
10:32:52 
10:32:54 

0.1221 

%RSD 

-------------------------------------------------------------========================== 

Ni Loc. 

R e p 1  SampleConc StndConc BlnkCorr 
mg/ L mg/ L 

10:33:13 
10:33:15 

-0.001 10:33:17 

: 
%RSD: 

___-_-_-_-_________------------------------------------------------------------------- --_-------_-__-_-__------------------------------------------------------------7------- 

Loc. 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg /L 

- 10:33:35 
10:33:37 
10:33:39 

BRSD: 

....................................................................................... 

Loc. --- 

Rep1 SampleConc StndConc BlnkCorr 
mg/ mg/L 

10:33:44 

....................................................................................... 

E1ement:Ni Seq.No.: Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

0.000 10:33:50 
10:33:53 
10:33:55 

: 
BRSD: 115-0 

Element: 
 Seq. No.: 285 
 --- Date: 02/02/2006 
Sample ID: 
____________-______--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.1169 0.1169 0.004 0.100 0.006 

2 0.1113 0.1113 0.004 0.100 0.006 

3 0.1382 0.1382 0.005 0.101 0.005 

Mean: 0.1221 0.004 
SD : 0.0142 0.0142 0.001 

: 11.65 11.65 11.65 

# 

Element: 
 Seq. No.: 286 AS 
 : --- Date: 02/02/2006 
Sample ID: ccb 
____-__-___________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0295 -0.0295 -0.001 0.095 0.006 

2 -0.0191 -0.0191 -0.001 0.095 0.006 

3 -0.0291 -0.0291 0.095 0.006 

Mean: -0.0259 -0.0259 -0.001 
SD 

# 

0,0059 0.0059 0.000 

22.78 22.78 22.78 


Element: Ni Seq. No.: 287 AS 
 : --- Date: 02/02/2006 
Sample ID: ccb 
___-_-_--__________--------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 -0.0534 -0.0534 -0.002 0.094 0.007 

2 -0.0420 -0.0420 -0.002 0.094 0.007 

3 -0.0626 -0.0626 -0.002 0.093 0.007 
Mean: -0.0527 -0.0527 -0.002 
SD : 0.0103 0,0103 0.000 

19.58 19.58 19.58 


Element: Ni Seq. No.: 288 AS 
 : Date: 02/02/2006 
Sample ID: Sample 
__-----_-__________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0344 -0.0344 -0.001 0.094 0.006 

Auto-zero performed. 


# L 


289 AS --- Date: 02/02/2006 
Sample ID: ccb 
----------_--_-____--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0002 0.0002 

# 

0.094 0.006 

2 0.0341 0.0341 0.001 0.096 0.005 

3 0.0109 0.0109 0.000 0.095 0.006 

Mean: 0.0151 0.0151 0.001 
SD 0.0173 0.0173 0.001 


115.0 114.98 
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.................................................. ------------------_------------------ ------------------- 

L o c . :  

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:34:12 
10:34:14 
10:34:17 

: 
%RSD : 

_______________--_--------------------------------------------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:34:34 
10:34:36 
10:34:38 

: 
BRSD: 

_____-_-_-_________---------------------------A------&---------4-------------------&--- 
____--_-_-_______-_------------------------------------------4------------------------ 

Ni Loc.: 
203-22+24 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:34:56 
10:34:58 
10:35:00 

: 0.000 
%RSD: 

-------------------------------------------==----------------------------------------- _____-_----________--------------------- 
ELement: Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg /L mg/L 

0.001 
10:35:51 
10:35:54 

: 
: 

%RSD: 

Element: Ni Seq. No.: 290 AS --- Dare: 02/02/2006 
Sample ID: 203-23 
______________--___--------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 0.0973 0.0973 0.004 0.098 0.006 

2 0.0826 0.0826 0.003 0.097 0.007 

3 0.0926 0.0926 0.003 0.098 0.006 

Mean: 0.0908 0.0908 0.003 
SD 0.0075 0.0075 0.000 


8.30 8.30 8.30 


__-______-_-_--------------------------------------------------------------------------
Element: 
 Seq. No.: 291 AS --- Date: 02/02/2006 
Sample ID: ccb 
___________________----------_---------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0026 -0.0026 0.000 0.094 0.006 

2 -0.0080 -0.0080 0.000 0.094 0.007 

3 0.0259 0.0259 0.001 0.095 0.005 

Mean: 0.0051 0.0051 0.000 
SD 

# 

0.0182 0.0182 0.001 

356.6 356.6 356.64 


Element: 
 Seq. No.: 292 AS --- Date: 02/02/2006 
Sample ID: 
....................................................................................... 


Peak Bkgnd Time 

Signal Area Area
# 

1 2.168 2.168 0.080 0.174 0.006 

2 2.173 2.173 0.080 0.174 0.006 

3 2.187 2.187 0.080 0.175 0.006 
Mean: 2.176 2.176 0.080 
SD 0.0097 0.0097 


0.45 0.45 0.45 


__-_-_-_--__-_----------------------------
Ni Seq. No.: 293 AS --- Date: 02/02/2006 

Sample ID: ccb 
-__--_--_-_________----------------------_---------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0355 0.0355 0.096 0.005 10: 35: 49 

2 0.0153 0.0153 0.001 0.095 0.006 

3 0.0492 0.0492 0.002 0.096 0.005 

Mean 


# 

0.0334 0.0334 0.001 

SD 
 0.0171 0.0171 0.001 


51.14 51.14 51.14 
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___________________-------------------------------------------------------------------- ___-______________--------_------------------------------------------------------------ 
Ni L o c . :  

Sample 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:36:00 
0.001 10:36:03 

10:36:05 

: 
%RSD 

______----__-_--__-------------------------------------------------------------------- __--___--___--_------------------------------------------------------------------------ 
Ni Loc. 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/L 

0-2672 10:36:29 

10:36:34 
0.010 

: 
BRSD : 

-----------------------------==-------------------------------------------------------- ----------- _-___-____________---------------------- 
Ni Loc.: 
ccb 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L Signal 

- 10: 
001 10:36:56 

10:36:58 

BRSD: 

-----================================================================================== 

Ni Loc. 
*324-1+3 

__-_--e-----__--_-_---------------------------------_-------------_-------------------- 

Rep1 SampleConc StndConc BlnkCorr 
mg /L mg/L 

10:37:30 
10:37:32 
10:37:34 

: 
%RSD: 

# 

Element: 
 Seq. No.: 294 AS --- Date: 02/02/2006 

ID: ccb 


_________________----------------------------------------------------------------------
Peak Bkgnd Time 


Signal Area Area 

1 0.0149 0.0149 0.001 0.095 0.006 

2 0.0288 0.0288 0.095 0.006 

3 0.0155 0.0155 0.001 0.095 0.006 

Mean: 0.0197 0.0197 0.001 
SD 
 0.0078 0.0078 0.000 


: 39.73 39.73 39.73 


# 

Element: 
 Seq. No.: 295 AS 
 : --- Date: 02/02/2006 
Sample ID: ccv-0.25 
__---_-_-_____-_-__--------------------------------------------------_-----------------

Peak Bkgnd Time 

Signal Area Area 


1 0.2672 0.010 0.104 0.006 

2 0.2671 0.2671 0.010 0.104 0. 005 10: 36: 32 

3 0.2767 0.2767 0.010 0.105 0.005 

Mean: 0.2703 0.2703 
SD 0.0055 0.0055 0.000 


2.04 2.04 2.04 


__-__-------_--_-_------ ---- -- _- --- -- ----- --- -_---_-&---- - ---- --- - ----- -- ---- --- ------

Peak Bkgnd Time 
Area Area 

1 0.0215 0.0215 0.001 0.095 0.006 36: 53 
2 0.0465 0.0405 0. 0.096 0.005 
3 0.0193 0.0193 0.001 0.095 0.005 
Mean: 0.0271 0.0271 0.001 
SD : 0.0116 0.0116 0.000 

42.91 42.91 42.91 

# 

Element: Seq. No.: 296 AS --- Date: 02/02/2006 
Sample ID: 

Element: 
 Seq. No.: 297 AS 
 : --- Date: 02/02/2006 
Sample ID: 


Peak Bkgnd Time 
Signal Area Area 

1 0.6406 0.6406 0.024 0.118 0.006 
2 0.6395 0.6395 0.023 0.118 0.006 
3 0.6519 0.6519 0.024 0.118 0.006 
Mean: 0.6440 0.6440 0.024 
SD 0.0069 0.0069 0.000 

1.07 1.07 1.07 

# 
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....................................................................................... 

Ni Loc.  : 

Rep1 SampleConc StndConc BlnkCorr 
mg/L 

10:37:53 
10:37:55 
10:37:57 

%RSD: 

=--------------------------================== 

Ni Loc.: 
s324-1+3 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/ L 

10:38:18 
10:38:20 
10:38:23 

: 
%RSD 

====================================================================================== 

Loc. 
Sample 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

0.001 10:38:39 
10:38:41 
10:38:43 

: 
BRSD 

Ni Loc. 

%RSD: 

mg/L 
BlnkCorr 

Area 
10:39:05 
10:39:07 
10:39:09 

Element: 
 Seq. No.: 298 AS 
 --- Date: 02/02/2006 
Sample ID: ccb 
__________________---------------------------------------------------------------------

Peak Bkgnd Time 

mg/ L Signal Area Area 


1 0.0221 0.0221 0.001 0.095 0.006 

2 0.0175 0.0175 0.001 0.095 0.006 

3 0.0168 0.0168 0.001 0.095 0.006 

Mean: 0.0188 0.0188 0.001 
SD : 0.0029 0.0029 0.000 

# 

15.26 15.26 15.26 


Element: 
 Seq. No.: 299 AS --- Date: 02/02/2006 
Sample ID: 
______________-____---------------_----------------------------------------------------

Peak Bkgnd Time 

Signal Area Area
# 

1 1.596 1.596 0.059 0.153 0.006 

2 1.621 1.621 0.059 0.154 0.006 

3 1.650 1.650 0.061 0.155 0.006 
Mean: 1.622 1.622 0.060 
SD 0.0270 0.0270 0.001 


: 1.66 1.66 1.66 


Element: Ni Seq. No.: 300 AS : --- Date: 02/02/2006 
ID: ccb 

___-__-_--_________--------------------------------------------------------------------
Peak Bkgnd Time 


Signal Area Area 

1 0.0230 0.0230 0.095 0.006 

2 0,0171 0.0171 0.001 0.095 0.006 

3 0.0171 0.0171 0.001 0.095 0.006 

Mean: 0.0191 0.0191 0.001 
SD 


# 

0.0034 0.0034 0.000 

: 17.65 17.65 17.65 


Element: 
 Seq. No.: 301 AS 
 : --- Date: 02/02/2006 
Sample ID: sd324-1+3 


Repl SampleConc 
 Peak Bkgnd Time 

Signal 
 Area
# 

1 1.596 
 0.059 0.153 0.006 

2 1.613 
 0.059 0.154 0.006 

3 1.602 
 0.059 0.153 0.006 

Mean: 1.604 0.059 

SD : 0.0087 0.000 


0.54 
 0.54 
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Ni S e q .  Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:39:23 
10:39:25 
10:39:27 

: 
BRSD: 

_-_________________-------------------------------------------------------------------- 
Loc.: 

ser324-1+3 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

10:40:00 
10:40:02 
10:40:04 

%RSD: 

_---_-_--____----__4-------------e-------------------------A--------------------------- _----_______---_-__-------------------------------------------------------------&------ 

Loc.: 

--____________-____-------------------------------------------------------------------- 

mg/L 
- 

BRSD: 

BlnkCorr 
mg/L 

10:40:17 
10:40:19 

-0,001 10:40:21 

==================================='========q==================================e====== 

Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ 

10:41:12 
10:41:14 
10:41:16 

: 
%RSD: 

-___-______-_______--------------------------------------------------------------------
Element: 
 No.: 302 AS --- Date: 02/02/2036 
Sample ID: ccb 
_____-_-__--_______--------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 0.0408 0.0408 0.001 0.096 0.005 

2 0.0202 0.0202 0.001 0.095 0.006 

3 0.0162 0.0162 0.001 0.095 0.007 

Mean: 0.0258 0.0258 0.001 
SD 0.0132 0.0132 0.000 


51.25 51.25 51.25 


_--________________--------------------------------------------------------------------
Element: Ni Seq. No.: 303 AS --- Date: 02/02/2006 
Sample ID: 
_--____-_____-_-___--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.3389 0.3389 0.012 0.107 0.007 

2 0.3537 0.3537 0.013 0.107 0.006 

3 0.3287 0.3287 0.012 0.106 0.007 

Mean: 0.3404 0.3404 0.012 
SD : 0.0126 0.0126 0.000 

3.69 3.69 3.69 


Element: Ni Seq. No.: 304 AS --- Date: 02/02/2006 
Sample ID: ccb 

Repl SampleConc Stndeonc Peak Bkgnd Time 
# Signal Area Area 
1 0.0217 0.0217 0.001 0.095 0.006 
2 0.0115 0.0115 0.000 0.095 0.006 
3 -0.0268 -0.0268 0.093 0.008 
Mean: 0.0021 0.0021 0.000 
SD : 0.0256 0.0256 0.001 

1202 1202 1202.00 

Element: Ni Seq. No.: 305 AS --- Date: 02/02/2006 
Sample ID: 324-4+6 
___-__---__________--------------------------------------------------------------------

Peak Bkgnd Time 

L Signal Area Area 


1 0.5527 0.5527 0.020 0.115 0.006 

2 0.5795 0.5795 0.021 0.116 0.006 

3 0.5451 0.5451 0.020 0.114 0.006 

Mean: 0.5591 0.5591 0.021 
SD 

# 

0.0181 0.0181 0.001 

3.24 3.24 3.24 
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....................................................................................... 

Elemear; :  Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L L 

10:41:38 
10:41:41 
10:41:43 

: 
BRSD: 

------___-_________-------d---------------------------------------------------------- 

Ni Loc.: 
324-74-9 

___---_____________---d---------------------------------------------------------------- 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg /L 

10:42:02 

10:42:06 

: 
BRSD 

----------__-----_--------------------------------------------4------------------------ 

Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ 

10:42:31 
10:42:33 
10:42:35 

0.001 
BRSD: 

....................................................................................... 
Ni Loc.: 

324-10+12 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

0.100 10:43:07 
10:43:09 
10:43:11 

%RSD: 

Ni Seq. No.: 306 AS --- Date: 02/02/2006 
Sample ID: ccb 
___________________---------------------------_----------------------------------------

Peak Bkgnd Time 
# mg/ Signal Area Area 
1 -0.0071 -0.0071 0.000 0.094 0.007 
2 0.0268 0.0268 0.001 0.095 0.006 
3 0.0159 0.0159 0.001 0.095 0.006 
Mean: 0.0118 0.0118 0.000 
SD 0.0173 0.0173 0.001 

146.0 146.0 146.05 

Element: 
 Seq. No.: 307 AS --- Date: 02/02/2006 
Sample ID: 


Peak Bkgnd Time 

Signal Area Area 


1 0.7695 0.7695 0.028 0.123 0.006 

2 0.8041 0.8041 0.030 0.124 0.006 10: 42: 04 

3 0.7678 0.7678 0.028 0.123 0.007 

Mean: 0.7805 0.7805 0.029 
SD 0.0205 0.0205 0.001 


: 2.62 2.62 2.62 


___&___-_____--_-__------------------------------------&-------------------------------

Element: 
 Seq. No.: 308 AS --- Date: 02/02/2006 
Sample ID: ccb 
________-__-_--_-__-------------------------------------_------------------------------

Peak Bkgnd Time 

L Signal Area Area 


1 0.0288 0.0288 0.001 0.095 0.006 

2 -0.0042 -0.0042 0.000 0.094 0.006 

3 -0.0235 -0.0235 -0.001 0.094 0.007 

Mean: 0.0004 0.0004 0.000 
SD : 0.0265 0.0265 

7256 7256 7256.20 

....................................................................................... 

Element: 
 Seq. No.: 309 AS --- Date: 02/02/2006 
Sample ID: 
__-__----_-__-_--_----------------------------------_----------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.1553 0.1553 0.006 0.007 

2 0.1373 0.1373 0.005 0.099 0.007 

3 0.1785 0.1785 0.007 0.101 0.006 


Mean: 0.1570 0.1570 0.006 
SD : 0.0207 0.0207 0.001 

13.15 13.15 13.15 


# 

# 

# 
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........................................................................................ - 

Ni _YS LOC. : 02/62/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg /L mg/L 

10:44:00 
10:44:02 
10:44:04 

: 
8RSD: 

----------------------------------------------------&---------------------------------- _----_-_-_-_---_---------------------------------------------- -------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr Bkgnd 
# mg/L mg/L 

10:44:11 
10:44:13 
10:44:15 

0.000 

%RSD 

_-_-_+---_---__-_-_-------------------------------------------------------------------- _---_--_-_----_---_-------------------------------------------------------------------- 
Loc.: 

_-_-_--_----_-___------------------------------------------------------e--------------- 

R e p 1  SampleConc StndConc BlnkCorr Bkgnd 
L mg/L 

__ 10:44:36 
10:44:38 
10:44:40 

: 
BRSD: 

__-___-----__-_____-------------------------------------------------------------------- 
Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/ L 

10:45:02 
10:45:04 
10:45:06 

: 
8RSD 

Element: 
 Seq. No.: 310 
 --- Date: 
Sample ID: ccb 
_______________-___--------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 
1 -0.0217 -0.0217 -0.001 0.094 0.006 
2 -0.0237 -0.0237 -0.001 0.094 0.006 
3 -0.0106 -0.0106 0.000 0.094 0.006 
Mean: -0.0187 -0.0187 -0.001 
SD 0.0071 0.0071 0.000 


37.90 37.90 37.90 


Element: 
 Seq. No.: 311 AS --- Date: 02/02/2006 
Sample ID: ccb 
_______________-___--------------------------------------------------------------------

Peak 
 Time 

Signal Area Area 


1 0.0016 0.0016 0.000 0.094 0.005 

2 -0.0078 -0.0078 0.000 0.094 0.006 

3 0.0182 0.0182 0.001 0.095 0.005 

Mean: 0.0040 0.0040 
SD 	: 0.0132 0.0132 0.000 

: 329.0 329.0 329.00 

Element: Ni Seq. No.: 312 AS --- Date: 02/02/2006 
Sample ID: ccv-0.5 

Peak 
 Time 

# mg/ 
 Signal Area Area 

1 0.5241 0.5241 0.019 0.114 0.006 

2 0.5166 0.5166 0.019 0.113 0.006 

3 0.5084 0.5084 0.019 0.113 0.006 

Mean: 0.5164 0.5164 0.019 
SD 
 0.0078 0.0078 0.000 


1.52 1.52 1.52 


__-___-_-_-_--_-___--------------------------------------------------------------------
Element: Ni Seq. No.: 313 AS --- Date: 02/02/2006 
Sample ID: ccb 
__--_-----___-_-___--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0080 -0.0080 0.000 0.094 0.006 

2 -0.0295 -0.0295 -0.001 0.093 0.007 

3 0.0036 0.0036 0.000 0.095 0.005 

Mean: -0.0113 -0.0113 0.000 
SD 
 0.0168 0.0168 0.001 


: 148.9 148.9 148.91 
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Ni Loc.: --- 
324-13+15 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/L 

10:45:23 
10:45:25 
10:45:27 

: 
BRSD: 

....................................................................................... 

Loc.: --- 

Rep1 SampleConc StndConc BlnkCorr 
# mg/ L mg/L 

10:45:43 
10:45:45 
10:45:47 

: 
%RSD: 

--------------------==------------------------------------==========~?-===========~==== 

Ni Loc.: --- 

___-_____-___-_--_-----------------------------------------------------4--------------- 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

- 10:46:02 
10:46:04 
10:46:07 

: 
BRSD: 

___---__-----____---------------------------------------------------------------------- _____-_____________-------------------------------------------------------------------- 
Loc. --- 

324-164-18 

Rep1 SampLeConc StndConc BlnkCorr 
mg/ L mg/ L 

10:46:26 
0.011 10:46:28 

10:46:30 

: 
%RSD 

____-___-_____-____--------------------------------------------------------------------
Element: 
 Seq. No.: 314 AS 
 Date: 02/02/2006 

Sample ID: 

-_______-__________----------------------------_---------------------------------------

Peak 	 Bkgnd Time 

Signal Area Area 


1 0.2248 0.2248 0.008 0.103 0.007 

2 0.2505 0.2505 0.009 0.104 0.006 

3 0.2649 0.2649 0.010 0.104 0.006 

Mean: 	 0.2467 0.2467 0.009 

0.0203 0.0203 0.001 

# 

8.23 8.23 8.23 

SD 

Element: 	Ni Seq. No.: 315 AS 
 Date: 02/02/2006 

Sample ID: ccb 

_-_-__-_____-______--------------------------------------------------------------------

Peak 	 Bkgnd Time 

Signal Area Area 


1 -0.0270 -0.0270 -0.001 0.093 0.006 

2 -0.0443 -0.0443 -0.002 0.093 0.007 

3 -0.0366 -0.0366 -0.001 0.093 0.007 

Mean: -0.0360 -0.0360 -0.001 
SD 0.0087 0.0087 0.000 


24.12 24.12 24.12 


Element: 
 Seq. No.: 316 AS 
 Date: 02/02/2006 

Sample ID: ccb 


Peak Bkgnd Time 
# Signal Area Area 
1 -0.0071 -0.0071 0.000 0.094 0.005 
2 -0.0421 -0.0421 -0.002 0.093 0.006 
3 -0.0430 -0.0430 -0.002 0.093 0.007 
Mean: -0.0307 -0.0307 -0.001 
SD 0.0205 0.0205 0.001 

66.59 66.59 66.59 

Element: Ni Seq. No.: 317 AS 
 : Date: 02/02/2006 

Sample ID: 

-___----_-_--______--------------------------------------------------------------------

Peak 	 Bkgnd Time 

Signal Area Area 


1 0.2713 0.2713 0.010 0.104 0.006 

2 0.2871 0.2871 0.105 0.006 

3 0.2736 0.2736 0.010 0.104 0.006 

Mean: 	 0.2773 0.2773 0.010 

0.0086 0.0086 0.000 

# 

3.08 3.08 3.08 

SD 

: 
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_-_-_________~_____----------------------------------_---------------L----------------- 

E1ement:Ni Seq.No.: Loc.: D;te: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

10:46:51 
10:46:53 
10:46:55 

BRSD: 

_-_--__--__-_____-_------------------------------------------------------------------ -___-_C----_______--------------------------------------------------------------------- 

Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:47:04 
10:47:07 
10:47:09 

0.001 
%RSD: 

====-------------------------------================~=================================== 

Ni Loc.: 
324-19+21 

___________---_____------------------------&---------&-------------L------------------- 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

- 10:47:28 
10:47:30 
10:47:32 

: 
BRSD: 

....................................................................................... 

Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L 

10:47:57 
10:47:59 
10:48:01 

0.000 

%RSD: 

318 AS --- 02/02/2055 
Sample ID: ccb 
___-_______________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0392 -0.0392 -0.001 0.093 0.007 

2 -0.0459 -0.0459 -0.002 0.093 0.007 

3 -0.0290 -0.0290 -0.001 0.093 0.006 


Mean: -0.0380 -0.0380 -0.001 
SD : 0.0085 0.0085 0.000 

# 

22.44 22.44 22.44 


Element: 
 Seq. No.: 319 AS --- Date: 02/02/2006 
Sample ID: ccb 
___--__--__________------------------------------------_-------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0077 -0.0077 0,000 0.094 0.005 

2 -0.0066 -0.0066 0.000 0.094 0.005 

3 -0.0401 -0.0401 -0.001 0.093 0.007 

Mean: -0.0181 -0.0181 -0.001 
SD : 0.0191 0.0191 

# 

105.2 105.2 105.25 


Element: 
 Seq. No.: 320 AS --- Date: 02/02/2006 
Sample ID: 


Peak Bkgnd Time 
# Signal Area Area 
1 0.3012 0.3012 0.011 0.105 0.006 
2 0.2984 0.2984 0.011 0.105 0.006 
3 0.3245 0.3245 0.012 0.106 0.005 
Mean: 0.3080 0.3080 0.011 
SD 0.0143 0.0143 0.001 

4.65 4.65 4.65 

Element: 
 Seq. No.: 321 AS --- Date: 02/02/2006 
Sample ID: ccb 
____---_-_--_---__---------------------------------------------------------------------

Peak Bkgnd Time 

mg/ L Signal Area Area 


1 -0.0073 -0.0073 0.000 0.094 0.006 

2 -0.0031 -0.0031 0.000 0.094 0.006 

3 -0.0075 -0.0075 0.000 0.094 0.006 

Mean: -0.0060 -0.0060 
SD : 0.0025 0.0025 0.000 

# 

41.56 41.56 41.56 
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........................................................ ----------- 
Ni Loc.  : --- Daze: 021 02/2006 

Rep1 SampleConc StndConc BlnkCorr 
mg/L 

10:48:18 
10:48:20 
10:48:22 

BRSD 

....................................................................................... 

LOC. 

Rep1 SampleConc StndConc BlnkCorr 
mg /L mg/L 

10:48:46 
10:48:48 
10:48:51 

SD : 
%RSD: 

____-_______---____-------------------------------------------------------------------- 
Ni Loc. 

_-__---_-_4--_-____-------------------------------------------------------------------- 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:49: 
10:49:10 
10:49:12 

: 
%RSD: 

Ni Loc. :  

- - -  

# mg/L 

%RSD: 

mg/L 

-- 
BlnkCorr 

10:50:11 

10:50:16 

Element: 
 Seq. No.: 322 AS 

Sample ID: 214-1+3 

___________________--------------------------------------------------------------------

Peak 	 Bkgnd Time 

mg/ L Signal Area Area
# 

1 	 1.791 1.791 0.066 0.160 0.005 

2 	 1.772 1.772 0.065 0.159 0.006 

3 1.795 1.795 0.066 0.160 0.005 
Mean: 1.786 1.786 0.066 
SD 	: 0.0123 0.0123 0.000 

: 0.69 0.69 0.69 

Element: Ni Seq. No.: 323 AS 
 : --- Date: 02/02/2006 
Sample ID: ccb 
___________________--------------------------------------------------------------------

Peak 	 Bkgnd Time 

Signal Area A r e a  


1 0.0077 0.0077 0.000 0.095 0.005 

2 -0.0015 -0.0015 0.000 0.094 0.005 

3 0.0111 0.0111 0.000 0.095 0.005 

Mean: 	 0.0058 0.0058 0.000 

0.0065 0.0065 0.000 

# 

112.6 112.6 112.55 


___--_-____---_____---------------------------_----------------------------_-----------
Element: 
 Seq. No.: 324 AS 
 : --- Date: 02/02/2006 
Sample ID: 214-4+6 

Peak Bkgnd Time 
# Signal Area Area 
1 4.352 4.352 0.160 0.254 0.006 08 
2 4.461 4.461 0.164 0.258 0.005 
3 4.431 4.431 0.163 0.257 0.005 
Mean: 4.415 4.415 0.162 
SD 0.0564 0.0564 0.002 

1.28 1.28 1.28 

Element: 
 Seq. No.: 325 AS --- D a t e :  02/02/2006 
Sample ID: ccb 


Repl SampleConc StndConc Peak Bkqnd Time 
Signal Area Area 
-0.001 0.093 0.006 

2 -0.0334 -0.0334 -0.001 0.093 0.006 10: 50: 13 
3 -0.0319 -0.0319 -0.001 0.093 0.006 
Mean: -0.0303 -0.0303 -0.001 
SD : 0.0042 0.0042 0.000 

13.78 13.78 13.78 

1 -0.0255 -0.0255 
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Ni Seq. L o c .  : 

Rep1 SampleConc Stndconc BlnkCorr 
mg /L mg / L  

10:50:23 
10:50:26 
10:50:28 

%RSD: 

----------------------------===---------------------=---------------------------------- __-___--____-______--------- _____________________ -_L_--____--____---------~--_----- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

10:51:02 
10:51:04 
10:51:06 

BRSD 

___-____-__-__-____-------------------------------------------------------------------- ___-_______-__-____--_----------------------------------------------------------------- 
Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/ L 

- 10:51:45 
10:51:47 
10:51:49 

: 0.001 

.......................................................................................... 

Loc.: 
214-7+9 

Rep1 SampleConc StndConc BlnkCorr 
mg/L 

10:52:33 
10:52:35 

0.166 10:52:37 

: 
BRSD: 

_-_______-_________--+-----------------------------------------------------------------

# 

Element: 
 No.: 326 AS 
 --- Date: 02/02/2006 
Sample ID: ccb 
___________________-----_---------------------------------------------+----------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0098 -0.0098 0.000 0.094 0.006 

2 -0.0332 -0.0332 -0.001 0.093 0.007 

3 -0.0363 -0.0363 -0.001 0.093 0.006 

Mean: -0.0264 -0.0264 -0.001 
SD : 0.0144 0.0144 0.001 

54.67 54.67 54.67 


_-___-____-_____-__------------------------------------ ----- -_ - ----- -- ------ &- ------- --

Peak Bkgnd Time 
Signal Area Area 

1 0.9410 0.9410 0.035 0.129 0.007 
2 0.9500 0.9500 0.035 0.129 0.006 
3 0.9644 0.9644 0.035 0.130 0.005 
Mean: 0.9518 0.9518 0.035 
SD : 0.0118 0.0118 0.000 

: 1.24 1.24 1.24 

# 

Element: Seq. No.: 327 AS --- Date: 02/02/2006 
Sample ID: ccv-1.0 

# 

Element: Ni Seq. No.: 328 AS --- Date: 02/02/2006 
Sample ID: ccb 
___--_________-_-_----------------------------------------_----------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0465 -0.0465 -0.002 0.093 0.003 

2 -0.0275 -0.0275 -0.001 0.093 0.006 

3 0.0033 0.0033 0.000 0.095 0.005 

Mean: -0.0236 -0.0236 -0.001 
SD 0.0251 0.0251 
BRSD: 106.5 106.5 106.53 

Element: Ni Seq. No.: 329 AS --- Date: 02/02/2006 
Sample ID: 
_-__-------_-______------------_--------_-_--------------------------------*-----------

Peak Bkgnd Time 
# mg/ L Signal Area Area 
1 1.910 1.910 0.070 0.164 0.006 
2 1.915 1.915 0.070 0.165 0.007 
3 1.94 9 1.949 0.072 0.006 
Mean: 1.925 1.925 0.071 
SD 0.0209 0.0209 0.001 

1.09 1.09 1.09 
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______-____-_____--------------_------------------------------------------------------- -____--____________-_------------------------------------------------------------------ 
E1ement:Ni L o c . :  

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ L 

10:53:32 
10:53:34 
10:53:37 

BRSD: 

==-------------------------------------------------===================~================ 

Ni Seq.No.: Loc.: 
214-10+12 

Rep1 SampleConc StndConc BlnkCorr 
mg/L 

0.101 10:53:59 
0.100 10:54:01 

10:54:03 

BRSD: 

-_-_______-______-------------------_-------------------------------------------------- 
Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg/L 

- 10:54:50 
0.007 10:54:52 

10:54:54 

: 

__-_-_-_-__-___--___------------------------------------------------------------------- 
____-_-_-___-___4__-------------------------------------------------------------------- 

Ni Loc. 
214-13+15 

Rep1 SampleConc StndConc BlnkCorr Bkgnd 
# mg/L mg/ L 

10:55:13 
10:55:15 

.B28 10:55:17 

: 
BRSD: 

Seq. No.: 33G AS --- Date: 02/02/2006 
Sample ID: ccb 
-_-__--____________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0126 -0.0126 0.000 0.094 0.006 

2 -0.0235 -0.0235 -0.001 0.094 0.006 

3 -0.0042 -0.0042 0.000 0.094 0.006 

Mean: -0.0134 -0.0134 0.000 
SD : 0.0097 0.0097 0.000 

# 

72.15 72.15 72.15 


Element: 
 331 AS --- Date: 02/02/2006 
Sample ID: 
__---______________-------------------_------------------------------------------------

Peak Bkgnd Time 

# mg/ L 
 Signal Area Area 

1 0.1683 0.1683 0.006 0.006 

2 0,1424 0.1424 0.005 0.006 

3 0.1591 0.1591 0.006 0.100 0.006 

Mean: 0.1566 0.1566 0.006 
SD : 0.0131 0.0131 0.000 

8.39 8.39 8.39 


___--____--__-__-----------------------------------------------------------------------
Element: Ni Seq. No.: 332 AS --- Date: 02/02/2006 
Sample ID: ccb 
--_---_-_--____--_---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0100 0.0100 0.000 0.095 0.005 

2 -0.0257 -0.0257 -0.001 0.093 

3 -0.0100 -0.0100 0.000 0.094 0.006 

Mean: -0.0086 -0.0086 0.000 
SD 0.0179 0.0179 0.001 

BRSD: 209.0 209.0 209.03 


# 

Peak Time 
Signal Area Area 

1 1.819 1.819 0.067 0.161 0.007 
2 1.861 1.861 0.068 0.163 0.007 
3 1 1.828 0.067 0.161 0.007 
Mean: 1.836 1.836 0.067 
SD 0.0223 0.0223 0.001 

1.21 1.21 1.21 

Element: Seq. No.: 333 AS : --- Date: 02/02/2006 
Sample ID: 
--------------_-___------------------------------+-------------------------------------
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-__________________-------------------------------------------------------------------- -__________________----------------------_-----------_--------------------------------- 
Ni 334 Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:55:37 
10:55:39 
10:55:41 

SD : 
BRSD: 

--___-_____-_____---------------------------------------------------------------------- 
Loc.: 

214-16+18 

Rep1 SampleConc StndConc BlnkCorr 
mg /L / L  

10:55:59 
10:56:01 
10:56:03 

SD : 
%RSD: 

----___-__----_-_-_-------------------------------------------------------------------- _______________-___-------------------------------------------------------------------- 
Ni Lac.: 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/ L 

- 10:56:18 
10:56:20 
10:56:22 

: 
BRSD: 

....................................................................................... 
Ni Loc. 
214-19+21 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

0.011 
10:56:43 

0.011 
: 

BRSD 

Element: 
 Seq. No.: 
 AS --- Date: 02/02/2006 
Sample ID: ccb 
__-________________--------------------------------------------------------------_-----

Peak 	 Bkgnd Time 

Signal Area Area 


1 0.0122 0.0122 0.000 0.095 0.006 

2 0.0020 0.0020 0.000 0.094 0.006 

3 0.0113 0.0113 0.000 0.095 0.006 

Mean: 	 0.0085 0.0085 0.000 

0.0056 0.0056 0.000 

# 

66.41 66.41 66.41 


_-___-______-____----------------------------------------------------------------------

Element: Ni Seq. No.: 335 AS --- Date: 02/02/2006 
Sample ID: 
-_-________-___---_--------------_------------------------_----------------------------

Peak 	 Bkgnd Time 

Signal Area Area 


1 0.5226 0.5226 0.019 0.114 0.007 

2 0.5389 0.5389 0.020 0.114 0.007 

3 0.5288 0.5288 0.019 0.114 0.007 

Mean: 	 0.5301 0.5301 0.019 

0.0082 0.0082 0.000 

mg
# 

1.54 1.54 1.54 


Element: 
 Seq. No.: 336 AS --- Date: 02/02/2006 
Sample ID: ccb 
_---_______---_-___--------------------------------------------------------------------

Peak 	 Bkgnd Time 

Signal Area Area 


1 -0.0049 -0.0049 0.000 0.094 0.006 

2 -0.0080 -0.0080 0.000 0.094 0.006 

3 0.0115 0.0115 0.000 0.095 0.006 

Mean: -0.0005 -0.0005 0.000 
SD 0.0105 0.0105 0.000 


2156 2156 2156.28 


____--_-_--________----------------------------------------------------
Element: 
 Seq. No.: 337 AS 
 : --- Date: 02/02/2006 
Sample ID: 
___---_----________--------_-_---------------------------------------------------------

Peak 	 Bkgnd Time 

Signal Area Area 


1 0.2877 0.2877 0.011 0.105 0.007 10: 56: 39 

2 0.3106 0.3106 0.106 0.006 10: 56: 41 

3 0.3176 0.3176 0.012 0.106 0.006 

Mean: 0.3053 0.3053 
SD 

# 

0.0156 0.0156 0.001 

: 5.13 5.13 5.13 
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__-____-____-____-_-------------------------------------------------------------------- _-___-_-__-_-_-__-_-------------------------------------------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

10:57:25 
10:57:28 
10:57:30 

: 
%RSD: 

________-______--__-------------------------------------------------------------------- _-_-____-_____---------------------------------------_--------------------------------- 
Ni 339 Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

10:57:42 
10:57:45 

0.001 10:57:47 

%RSD: 

____-_____---_-_---------------------_------_----------_------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ 

__ 0.006 10:58:01 
10:58:03 
10:58:05 

BRSD 

_____-___--_____-_-----------------------------------------------------_--------------- ____-_-----_____-__-------------------------------------------------_------------------ 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/ L mg /L 

10:58:28 
10:58:30 
10:58:32 

%RSD 

Element: 
 Seq. No.: 338 AS --- Date: 02/02/2006 
Sample ID: ccb 
___________________---_-----------------------------------------_----------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0088 0.0088 0.000 0.095 0.006 

2 -0.0064 -0.0064 0.000 0.094 0.006 

3 0.0140 0.0140 0.001 0.095 0.006 

Mean: 0.0055 0.0055 0.000 
SD 

# 

0.0106 0.0106 0.000 

193.8 193.8 193.76 


Element: 
 Seq. No.: 
 AS --- Date: 02/02/2006 
Sample ID: ccb 
___-__________---__-----------------------------------------------_--------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0091 -0.0091 0.000 0.094 0.006 

2 -0.0069 -0.0069 0.000 0.094 0.006 

3 0.0268 0.0268 0.095 0.005 

Mean: 0.0036 0.0036 0.000 
SD : 0.0201 0.0201 0.001 

561.5 561.5 561.54 


____--___---_-----_-------------------_------------------------------------------------
Element: 
 Seq. No.: 340 AS --- Date: 02/02/2006 
Sample ID: ccv-2 
___-_-__---___-_-_--------------_----------------------_-------------------------------

Peak Bkgnd Time 

# L Signal Area Area 

1 2.099 2.099 0.077 0.171 

2 2.063 2.063 0.076 0.170 0.006 

3 2.109 2.109 0.077 0.172 0.006 
Mean: 2.090 2.090 0.077 
SD : 0.0244 0.0244 0.001 

: 1.17 1.17 1.17 

Element: 
 Seq. No.: 341 AS --- Date: 02/02/2006 
Sample ID: ccb 
___-_-------_----_-------------------_-_---------_-------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.0060 0.0060 0.000 0.095 0.005 

2 0.0073 0.0073 0.000 0.095 0.006 

3 0.0082 0.0082 0.000 0.095 0.006 

Mean: 0.0072 0.0072 0.000 
SD : 0.0011 0.0011 0.000 

: 15.32 15.32 15.32 

# 



__--______-_______--------------------------------------------------------------------- __--____-_-_-_____--------------------------------------------------------------------- 
Loc.: 

lrb 
__-________________-------------------------------------------------------------------- 
Repl 

# 

: 
%RSD 

mg/L 
StndConc BlnkCorr 

10:58:52 
10:58:54 
10:58:56 

_-_--___---_----_-_-------------------------------------------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/ I, 

10:59:14 
10:59:16 
10:59:18 

: 
BRSD: 

Ni Loc.: 
lfb i 

Repl 
mq/L 

: 
%RSD 

BlnkCorr 

10:59:39 
10:59:41 
10:59:43 

....................................................................................... 
Ni Loc. 

Rep1 
L 

: 
%RSD 

BlnkCorr 

11:OO:Ol 
11:00:03 
11:00:05 

Element: Ni Seq. No.: 342 AS --- Date: 02/02/2006 
Sample ID: i 


SampleConc Peak Bkgnd Time 
mg/ L Signal Area Area 

1 0.0698 0.0698 0.003 0.097 0.006 
2 0.0656 0.0656 0.002 0.097 0.006 
3 0.0673 0.0673 0.002 0.097 0.006 
Mean: 0.0676 0.0676 0.002 
SD 0.0021 0.0021 0.000 

: 3.13 3.13 3.13 

_-___--_--------_-_--------------------------------------------------------------------
Element: 
 Seq. No.: 343 AS --- Date: 02/02/2006 
Sample ID: ccb 
_-_-_--_-_------_-_--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0414 -0.0414 -0.002 0.093 0.007 

2 0.0082 0.0082 0.000 0.095 0.006 

3 -0.0436 -0.0436 -0.002 0.093 0.007 

Mean: -0.0256 -0.0256 -0.001 
SD 

# 

0.0293 0.0293 0.001 

114.5 114.5 114.45 


Element: 
 Seq. No.: 344 AS --- Date: 02/02/2006 
Sample ID: 


SampleConc 
 Peak Bkgnd Time 

Signal Area Area
# 
0.040 0.134 0.006 

0.040 0.134 0.006 


3 1.056 
 0.039 0.133 0.006 
Mean: 1.073 0.039 

SD 
 0.0159 
 0.001 


: 1.48 
 1.48 


--------------------------------------------------_------------------------------------
Element: 
 Seq. No.: 345 AS 
 : --- Date: 02/02/2006 
Sample ID: ccb 

SampleConc 
# mg/ 
1 -0.0128 
2 0.0038 
3 -0.0002 
Mean: -0.0030 
SD 0.0087 

: 284.9 

Peak Bkgnd Time 
Signal Area Area 
0.000 0.094 0.006 
0.000 0.095 0.005 
0.000 0.094 0.006 
0.000 
0.000 

284.88 
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....................................................................................... 

Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:00:24 
11:00:27 
11:00:29 

%RSD: 

___-____________-__-------------------------------------------------------------------- _-_-____________-__-------------------------------------------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/ I, mg/L 

11:01:15 
-0.001 11:01:17 

11:01:19 

: 
BRSD 

----_-_------______-------------------------------------------------------------------- 
Ni Loc.: 
s324-2 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

- 11:01:44 - 
11:01:46 
11:01:48 

BRSD: 

....................................................................................... 
Ni Loc.: 

mg/L 

: 
BRSD: 

mg/L 
BlnkCorr 

11:02:05 
11:02:07 
11:02:09 

Element: 
 Seq. No.: 346 AS --- Date: 02/02/2006 
Sample ID: 324-2 
___________________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.2935 0.2935 0.011 0.105 0.006 

2 0.3163 0.3163 0.012 0.106 0.005 

3 0.2716 0.2716 0.010 0.104 0.006 

Mean: 0.2938 0.2938 0.011 
SD : 0.0223 0.0223 0.001 

# 

7.60 7.60 7.60 


Element: 
 Seq. No.: 347 AS --- Date: 02/02/2006 
Sample ID: ccb 
----__-_-___-_-_-_---_-----------_-----------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 -0.0206 -0.0206 -0.001 0.094 0.006 

2 -0.0301 -0.0301 0.093 0.006 

3 -0.0002 -0.0002 0.000 0.094 0.005 

Mean: -0.0170 -0.0170 -0.001 
SD 0.0153 0.0153 0.001 


: 90.12 90.12 90.12 


------_------____-_--------------------------------------------------------------------
Element: 
 Seq. No.: 348 AS --- Date: 02/02/2006 
Sample ID: 
-_-_-__--_---_-__-_---------_--------------------------_-------------------------------

Peak Bkgnd Time 

# Signal Area Area 

1 1.238 1.238 0.045 0.140 0.006 

2 1.270 1.270 0.047 0.141 0.005 

3 1.231 1.231 0.045 0.140 0.007 
Mean: 1.246 1.246 0.046 
SD : 0.0207 0.0207 0.001 

1.66 1.66 1.66 


....................................................................................... 

Element: 
 Seq. No.: 349 AS --- Date: 02/02/2006 
Sample ID: ccb 

Repl SampleConc StndConc Peak Bkgnd Time 
Signal Area Area 

1 0.0080 0.0080 0.000 0.095 0.005 
2 -0.0097 -0.0097 0.000 0.094 0.005 
3 0.0179 0.0179 0.001 0.095 0.005 
Mean: 0.0054 0.0054 0.000 
SD 0.0139 0.0139 0.001 

257.9 257.9 257.91 

# 
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___-____-__-_-_-__-------_------------------------------------------------------------- ________-__-_---__--------------------------------------------------------------------- 
Ni Loc.: 
sd324-2 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/ L 

11:02:29 
11:02:31 
11:02:33 

: 
%RSD 

__________-_--_____-------------------------------------------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:02:55 
11:02:57 
11:02:59 

: 
%RSD: 

___---_--____-____--------------------------------------------------------------------- ___-_-_-_-_______------------------------------------_--------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

03:24 
11:03:27 

03:29 

: 0.001 
BRSD 

__-_-_-_-__________-------------------------------------------------------------------- 
Ni Loc. 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:03:47 
11:03:50 
11:03:52 

: 
%RSD: 

2 

Element: 
 Seq. No.: 350 AS --- Date: 02/02/2006 
Sample ID: 
_______-_-_-_-_-___--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 1.185 1.185 0.043 0.138 0.006 

2 1.183 1.183 0.043 0.138 0.005 

3 1.196 1.196 0.044 0.138 0.005 
Mean: 1.188 1.188 0.044 
SD 0.0070 0.0070 0.000 


: 0.59 0.59 0.59 


_____________-_____--------------------------------------------------------------------
Element: 
 Seq. No.: 351 AS --- Date: 02/02/2006 
Sample ID: ccb 
___________________--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0002 -0.0002 0.000 0.094 0.005 

2 -0.0097 -0.0097 0.000 0.094 0.006 

3 0.0013 0.0013 0.000 0.094 0.005 

Mean: -0.0029 -0.0029 0.000 
SD 

# 

0.0059 0.0059 0.000 

207.9 207.9 207.95 


Element: 
 Seq. No.: 352 AS --- Date: 02/02/2006 

Sample ID: ser324-2 

___---_-_-___-_-__---------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.2275 0.2275 0.008 0.103 0.006 11: 

0.2461 0.2461 0.009 0.103 0.005 


3 0.2124 0.2124 0.008 0.102 0.006 11: 

Mean: 0.2287 0.2287 0.008 

SD 
 0.0169 0.0169 


: 7.39 7.39 7.39 


_--_---_-_-____-___------------------_-------------------------------------------------
Element: 
 Seq. No.: 353 AS 
 : --- Date: 02/02/2006 

Sample ID: ccb 

_---_---__-_-_--___--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 -0.0086 -0.0086 0.000 0.094 0.005 

2 -0.0199 -0.0199 -0.001 0.094 0.005 

3 -0.0128 -0.0128 0.000 0.094 0.005 

Mean: -0.0137 -0.0137 -0.001 

SD 


# 

0.0057 0.0057 0.000 

41.60 41.60 41.60 
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_-_-___-_-_-_-_____-------------------------------------------------------------------- 
Ni 354 Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg /L mg/L 

11:04:31 
11:04:33 
11:04:35 

%RSD 

======================================================================================= 

Ni 355 Loc. 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/L 

11:04:52 
11:04:54 
11:04:56 

: 
BRSD: 

Ni Loc.: 

: 
%RSD: 

mg/L mg/L 
BlnkCorr 

11:05:12 
11:05:14 
11:05:16 

_---__--_____-_-_-_------------_------------------------------------------------------- ---___-__-__-_--_-_---------------------_---------------------------------------------- 
N i  Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
# mg/ L 

11:05:33 
11:05:35 
11:05:37 

: 
BRSD: 

....................................................................................... 

Element: 
 Seq. No.: 
 AS --- Date: 02/02/2006 
Sample ID: ccb 
____________--__-----------------------------------------------------------------------

Peak Bkgnd Time 

# Signal Area Area 
1 -0.0022 -0.0022 0.000 0.094 0.005 
2 0.0122 0.0122 0.000 0.095 0.005 
3 0.0060 0.0060 0.000 0.095 0.005 
Mean: 0.0053 0.0053 0.000 
SD : 0.0072 0.0072 0.000 

: 135.1 135.1 135.09 

Element: 
 Seq. No.: 
 AS 
 : --- Date: 02/02/2006 
Sample ID: ccv-0.25 
______________-____--------------------------------------------------------------------

Peak Bkgnd Time 

Signal Area Area 


1 0.2277 0.2277 0.008 0.103 0.006 

2 0.2319 0.2319 0.009 0.103 0.006 

3 0.2260 0.2260 0.008 0.103 0.006 

Mean: 0.2285 0.2285 0.008 
SD 0.0030 0.0030 0.000 


1.32 1.32 1.32 


Element: 
 Seq. No.: 356 AS --- Date: 02/02/2006 
Sample ID: ccb 


Repl SampleConc StndConc Peak Bkgnd Time 
Signal Area Area 

1 -0.0026 -0.0026 0.000 0.094 0.005 
2 -0.0195 -0.0195 -0.001 0.094 0.006 
3 -0.0197 -0.0197 -0.001 0.094 0.005 
Mean: -0.0139 -0.0139 -0.001 
SD 0.0098 0.0098 0.000 

70.72 70.72 70.72 

# 

Element: 
 Seq. No.: 357 AS --- Date: 02/02/2006 
Sample ID: 324-5 
_--__---_-___---_-_--------------------------------------------------------------------

Peak Bkgnd Time 

mg/ L Signal Area Area 


1 0.0842 0.0842 0.003 0.097 0.006 

2 0.1008 0.1008 0.004 0.098 0.005 

3 0.0755 0.0755 0.003 0.097 0.005 

Mean: 0.0868 0.0868 0.003 
SD 0.0129 0.0129 0.000 


14.82 14.82 14.82 
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___-____-_-__----__-------------------------------------------------------------------- -__-__-_-_--_----__-------------------------------------------------------------------- 
Ni L o c . :  

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:05:58 
11:06:00 
11:06:03 

%RSD 

___-_-_-----____-__-------------------------------------------------------------------- __--_-_-----____-__-------------------------------------------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
# mg/L mg/ L 

11:06:22 
11:06:24 
11:06:26 

SD : 
BRSD: 

....................................................................................... -_----------_-------------------------------------------------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr Bkgnd 
mg /L mg/ L 

11:06:52 
- 2  11:06:54 

11:06:56 

: 
BRSD 

Ni Loc. 

: 
%RSD: 

mg/ mg/L 

- - - - - - - - 

BlnkCorr 

11:07:10 
11:07:13 
11:07:15 

Element: 
 Seq. No.: 358 AS --- Date: 02/02/2006 
Sample ID: ccb 
-_--___----------_---------------------------------------------------------------------

Peak 	 Bkgnd Time 

Signal Area Area 


1 0.0095 0.0095 0.000 0.095 0.005 

2 0.0100 0.0100 0.000 0.095 0.005 

3 0.0000 0.0000 0.000 0.094 0.005 

Mean: 	 0.0065 0.0065 0.000 
SD 	: 0.0056 0.0056 0.000 

: 86.70 86.70 86.70 

# 

Element: 
 Seq. No.: 359 AS --- Date: 02/02/2006 
Sample ID: 324-8 
-_-------__-_-__-_---------------------------------------------------------------------

Peak 	 Bkgnd Time 

Signal Area Area 


1 0.0915 0.0915 0.003 0.098 0.005 

2 0.0842 0.0842 0.003 0.097 0.006 

3 0.0932 0.0932 0.003 0.098 0.006 

Mean: 	 0.0896 0.0896 0.003 

0.0048 0.0048 0.000 
5.31 5.31 5.31 


Element: Seq. No.: 360 AS --- Date: 02/02/2006 
Sample ID: ccb 
....................................................................................... 


Peak Time 
# Signal Area Area 
1 -0.0005 -0.0005 0.000 0.094 0.005 

-0.0077 -0.0077 0.000 0.094 0.006 
3 0.0175 0.0175 0.001 0.095 0.005 
Mean: 0.0031 0.0031 0.000 
SD 0.0130 0.0130 0.000 

: 418.5 418.5 418.47 

Element: 
 Seq. No.: 361 AS 
 : --- Date: 02/02/2006 
Sample ID: 324-11 


Repl SampleConc StndConc Peak Bkgnd Time 
# L Signal Area Area 
1 0.0766 0.0766 0.003 0.097 0.005 
2 0.0620 0.0620 0.002 0.097 0.005 
3 0.0647 0.0647 0.002 0.097 0.005 
Mean: 0.0678 0.0678 0.002 
SD 0.0078 0.0078 0.000 

11.44 11.44 11.44 
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___-_--_-____-__--_-------------------------------------------------------------------- 
Ni Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg /L L 

11:07:29 
11:07:31 
11:07:33 

%RSD: 

....................................................................................... 
Loc.: 

: 

SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:07:49 
11:07:51 
11:07:53 

....................................................................................... 
Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:08:05 
-- 11:08:07 

11:08:10 

BRSD 

....................................................................................... 
Loc.: 

Rep1 SampleConc StndConc BlnkCorr 
mg/L mg/L 

11:08:27 
11:08:29 
11:08:31 

%RSD 

-__-_--_-____-__--_--------------------------------------------------------------------
Element: 
 Seq. No. : 362 AS --- Date: 02/02/2006 
Sample ID: ccb 

______----______-__--------------------------------------------------------------------

Peak Bkgnd Time 

# mg/ 
 Signal Area Area 
1 -0.0182 -0.0182 -0.001 0.094 0.006 
2 -0.0605 -0.0605 -0.002 0.092 0.008 
3 -0.0383 -0.0383 -0.001 0.093 0.007 
Mean: -0.0390 -0.0390 -0.001 
SD : 0.0212 0.0212 0.001 

54.23 54.23 54.23 


............................................... 
Element: Ni Seq. No.: 363 AS --- Date: 02/02/2006 
Sample ID: 324-14 

Repl Peak Bkgnd Time 
Signal Area Area 

1 0.0609 0.0609 0.002 0.097 0.006 
2 0.0751 0.0751 0.003 0.097 0.005 
3 0.0591 0.0591 0.002 0.097 0.006 
Mean: 0.0650 0.0650 0.002 
SD 0.0088 0.0088 0.000 
BRSD: 13.51 13.51 13.51 

# 

....................................................................................... 
Element: Ni Seq. No.: 364 AS --- Date: 02/02/2006 
Sample ID: ccb 
....................................................................................... 


Peak Bkgnd Time 
# Signal Area Area 
1 -0.0027 -0.0027 0.000 0.094 0.005 

2 0.0071 0.0071 0.000 0.095 0.005 

3 -0.0122 -0.0122 0.000 0.094 0.006 
Mean: -0.0026 -0.0026 0.000 
SD : 0.0097 0.0097 0.000 

: 369.8 369.8 369.79 

....................................................................................... 
Element: Ni Seq. No.: 365 AS --- Date: 02/02/2006 
Sample ID: dup 324-14 

Peak Bkgnd Time 
# Signal Area Area 
1 0.0746 0.0746 0.003 0.097 0.005 
2 0.0711 0.0711 0.003 0.097 0.005 
3 0.0696 0.0696 0.003 0.097 0.006 
Mean: 0.0718 0.0718 0.003 
SD : 0.0025 0.0025 0.000 

: 3.52 3.52 3.52 



Appendix E - 3

Laboratory QA/QC  Data for Stack Testing Samples 



















































































































































Appendix E - 4 

Laboratory QA/QC Data for Stack Testing Samples 





















































































































































































































Appendix F 

Laboratory QA/QC Data for Ambient Air Samples 

























































































































































Appendix G 


Plating Solution Laboratory Reports 




















Appendix H 


Sample Chain of Custodies































































Appendix I 


Process Data Sheets 
















































































































































Appendix J 


Stack Test Schematics 
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