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I. Introduction

S ince January of 1996, Frontier Geosciences Inc. (Frontier) has served as the Hg Analytical Lab
(HAL) and Site Liaison center for the Mercury Deposition Network (MDN). The MDN, coor-
dinated through the National Atmospheric Deposition Program (NADP), was designed with the
primary objective of quantifying the wet deposition of mercury in North America to determine
long-term geographic and temporal distributions. The Network has grown to incorporate over 75
sites in the United States and Canada. In 2003, the MDN is expected to add 10-15 additional new

sites.
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As the HAL, Frontier receives weekly precipita-
tion samples to be analyzed for total mercury.
The analytical technique—Modified EPA Method
1631 Revision B—was developed by Nicolas S
Bloom, one of Frontier’s Senior Research Scien-
tists. Frontier also served as the referee lab for
the Method 1631 final validation study.

Robert Brunette, Project Investigator and HAL
Director, oversees Frontier’s involvement in the
MDN. He serves as the MDN Liaison, HAL con-
tact for the multiple agencies currently sponsor-
ing the MDN, and as Chair of the Data Manage-
ment and Analysis Subcommittee for the NADP.
His multiple roles require him to provide guid-
ance and direction to all HAL staff, and to main-
tain his proficiency at all aspects of HAL activi-
ties, including MDN site selection and equipment
installation, MDN equipment troubleshooting,
field and laboratory training, analysis and report
writing, as well as research on new MDN initia-
tives including Trace Metals (in addition to Hg)
in Wet Deposition. Mr. Brunette is supported
by an analytical laboratory staff skilled in pro-
cessing incoming samples, analyzing sample sets,

cleaning glassware, shipping weekly field equip-
ment, and entering data. Senior Research Scien-
tist, Eric M. Prestbo, serves as Science Advisor
for the HAL, and helps support MDN related
research initiatives. The Project Investigator also
works closely with Frontier’s Laboratory Man-
ager, Michelle Gauthier, and Will Hagan,
Frontier’s Quality Assurance Program Director,
to ensure that all quality control (QC) param-
eters are consistently maintained, and that
Frontier’s high standards of professional and sci-
entific quality are met.

Frontier continued to maintain and demonstrate
high quality control standards in 2002. Due to
the addition of new MDN sites, the number of
quality control points increased from 1214 in 2001
to greater than 1500 quality control measure-
ments in 2002. Frontier further demonstrated
excellent consistency and reproducibility with
Reagent (1% BrCl Preservative) Blanks, Bottle
Blanks, Standard Reference Materials, Matrix
Duplicates, and Matrix Spikes. All of these pa-
rameters are control charted in Appendix A of
this report.
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II. General Description of Frontier’s
Quality Assurance Program

A. Quality Assurance and
Quality Control

F rontier has a strong and vital commitment
to its Quality Assurance Program, viewing
quality assurance as a program and a philosophy.
We begin quality control at the bench level, and
continuously work to improve our processes at
the management level. Our management style is
to solicit process improvements and problem-
solving from our laboratory technicians and ana-
lysts, then utilize management to help implement
these improvements — rather than the traditional
management style of issuing orders which may
or may not have much bearing on how things
actually work in the laboratory. Our Quality
Assurance Program is a system for ensuring that
all information, data and interpretation resulting
from an analytical procedure are technically
sound, statistically valid, and appropriately docu-
mented. Our quality control parameters are the
mechanisms used to achieve quality assurance.

,/-| 'rontier _
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B. Data Quality Objectives

ata quality is achieved through Frontier’s
Data Quality Objectives (DQQO’s). Our
DQO’s consist of five components: precision,

accuracy, representativeness, comparability and
completeness (PARCC).

® Precision is a measure of data reproducibil-
ity; it is measured by utilizing sample repli-
cates.

e Accuracy is a measure of how close the data
is to the actual, or real value, and is measured
by certified reference materials and matrix
spikes.

® Representativeness is a measure of how
typical a sample is compared to the sample
population. It is achieved by accurate, arti-
fact-free sampling procedures and appropri-
ate sample homogenization.

e Comparability is a measure of how variable
one set of data is to another.

¢ Completeness is a measure of how many data
points collected are usable; Frontier strives
for at least 95% completeness.
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ITI. Quality Control Procedures

A. Bottle Blanks

ottle blanks are expected to be at or near the

method detection limit (MDL). In cases
where the blanks are significantly higher, the situ-
ation is investigated. Possible contamination
sources are researched and identified. Once the
problem has been found and corrected, the run
is continued. Control charts for bottle blanks are
maintained on an ongoing basis, helping to iden-
tify trends or anomalies.

The mean for the 2002 lab sample bottle blanks
1s 0.052 ng/Bottle (n=45) with a standard devia-
tion of 0.066ng/Bottle. Control charts are listed
in AppendixA.

B. Reagent Blanks

eagent blanks consist of 1% (v/v) 0.2N bro

mine monochloride, 0.2 mL 20% hydroxy-
lamine hydrochloride, and 0.3 mL 20% stannous
chloride in 100 mL of reagent water. Reagent
blanks are a measure of how much analyte may
be found in the bromine monochloride used for
oxidizing the samples. Reagent blanks help when
researching possible sources of contamination.
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The mean for 2002 reagent blanks is 0.069 ng/L
(n=305) with a standard deviation of 0.045ng/L.
Control charts are listed in Appendix A.

C. Matrix Duplicates

matrix duplicate sample is run with each

analytical set. The relative percent differ-
ence (RPD) is calculated, and is expected to be
less than 25%. If the result is higher than 25%,
the samples are re-run. If the result is still higher
than 25%, then the problem is investigated and
possible causes are identified and noted in the
report. The mean for 2002 RPD’s is 3.60%
(n=294) with a standard deviation of 4.2%. Con-
trol charts are listed in Appendix A.

D. Certified Reference
Material Samples

Certified reference material (CRM) samples
are used to compare sample results with a
known, certified value. This is a useful tool for
validating the analytical curve. The acceptance
range for the reference samples is 75-125%. If
the percent recovery lies out of this range, the
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sample CRM is rerun for more acceptable results.
If the percent recovery is within the acceptance
range, analysis continues. The CRM used is NIST-
1641d - Hg in water.

The mean for 2001 CRMs is 93.4% recovery
(n=199) with a standard of 4.2%. All reference
samples fell within the designated parameters in
2002. Control charts are listed in Appendix A.

E. Matrix Spike Samples

atrix spikes are a tool for determining if, and

how, the sample matrix interferes with
analyte quantification. Matrix spikes help answer
two questions:

1) Does the analyte in the sample go through
the analytical system the same way analyte in
the standards does?

2) Are we able to carry the analyte throughout
the analytical system without significant
losses?

Matrix spikes falling within 75-125% recovery are
considered valid. Analytical spikes falling out-
side these parameters must be re-run. If the spike
continues to fall outside 75-125% recovery then
possible causes must be looked for and identified.
The MDN matrix (rainwater) is spiked with 1.00

ng of Hg (II).

The mean for 2002 matrix spikes is 98.8% recov-
ery (n=294). Control charts are listed in Appen-
dix A.
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F. Performance Test and
Interlaboratory
Intercomparison Studies

P erformance evaluation and interlaboratory
intercomparison studies are a vital part of our
Quality Assurance Program. Frontier is a regu-
lar participant in studies prepared by the Ana-
lytical Products Group, National Water Research
Institute (Canada), National Oceanic and Atmo-
spheric Administration (US), National Research
Council (Canada), US Geological Survey, the
Institute for National Measurement Standards
(Canada), and New York State PT samples.

Included in Appendix C area few of the Perfor-
mance Evaluation Studies Frontier reported in
2002:

1. Wadsworth Center - New York State Dept.
Of Health Environmental Laboratory
Program - September 2002

2. Wadsworth Center - New York State Dept.
Of Health Environmental Laboratory
Program - April 2002

3. Analytical Performance Group - WP Perfor-
mance Summary - Trace Metals In Surface
Waters — August 2002

4. Analytical Products Group - DMRQA 22 -
Trace Metals In Surface Waters - December
2002

5. Analytical Products Group - WP Perfor-
mance Summary - April 2002
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Included in Appendix D are a few of the Labora-
tory Intercomparison Studies that Frontier re-
ported in 2001:

1. 15" Intercomparison For Trace Elements In
Marine Sediments and Biological Tissues -
National Research Council Canada - May
2002.

Note: Frontier participated in many
Intercomparisons Studies, however, all those that
Frontier was invited to participate in were for
Trace Metals, not including mercury. We there-
fore decided to exclude these from this report.
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Frontier will be performing two HAL, real rain-

water matrix intercomparison studies as was done
in 1999.

Frontier currently holds certifications in seven
states, they are: Washington, Wisconsin, Florida,
California, New York, New Jersey and Louisi-
ana. We are also pursuing certification status for
states where additional Frontier clients reside.

Frontier currently holds certifications in six
states, they are: Washington, Wisconsin, Florida,
California, New York, New Jersey and Louisi-
ana. We are also pursuing certification status for
states where additional Frontier clients reside.
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IV. HAL 2003 Outlook

The Mercury Deposition Network continues to gain attention as the largest and longest-running
National Hg wet deposition network in North America. Feedback from Sponsors and other inter-
ested organizations indicates that the MDN will experience significant growth in 2002-2003. With
this growth, the HAL will continue to look for ways to improve the program to ensure the highest
quality.

The following are goals the HAL has set to maintain and improve quality throughout 2001-2002:

¢ The HAL will continue to improve our ® The HAL will continue trace metals in wet
Database in 2003 and will endeavor to ex- deposition research in 2002. There is a
pand the Database to include MMHg data. strong indication that there are many spon-

) sors that will want to participate in a Mer-

¢ The HAI? fmd.PO incorporated dual da.ta cury AND Trace Metals program. In 2001, 5
entry verification to all database operations MDN sites were collecting samples for trace
for the 4* Qtr of 2002. metals following the HAL’s retrofit and TM

SOP:

e The HAL will be significantly upgrading the
MDN facilities in order to stay ahead of the 4

projected growth of the Network in 2002- Mercury and Trace Metals in sites in the
2003. The HAL was moved to a new, dedi- Southern U.S. will continue, likely through

cated lab, within the Frontier, early in 2002. 2003. The HAL expects this research to lay
The new facilities for MDN will be dedicated the groundwork for a potential non-NADP

instruments, receiving areas, NED and other product for interested MDN sponsors.
significant resources that will enable the
HAL to keep stride with this growth.

The HAL'’s research in Dry Deposition of

—
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Appendix A:

HAL 2002 Annual
QA/QC Control Charts
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Appendix B:

HAL 2002 Quarterly
QA/QC Summary Tables
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Appendix C:

Examples Of Performance
Evaluation Sample Results

1. Wadsworth Center - New York State Dept. Of Health
Environmental Laboratory Program - September 2002

2. Wadsworth Center - New York State Dept. Of Health
Environmental Laboratory Program - April 2002

3. Analytical Performance Group - WP Performance
Summary - Trace Metals In Surface Waters - August 2002

4. Analytical Products Group - DMRQA 22 - Trace Metals
In Surface Waters - December 2002

5. Analytical Products Group - WP Performance Summary -
April 2002

AR'rontier _ 2002 Mercury Deposition Network
\ yeosciences Inc. HAL—~Quality Assurance Report



WADSWORTH CENTER Page 1 of 3
NEW YORK STATE DEPARTMENT OF HEALTH
ENVIRONMENTAL LABORATORY APPROVAL PROGRAM

Proficiency Test Report

Lab Id: 11662 FRONTIER GEOSCIENCES INC Shipment Date  : 22-Jul-2002
414 PONTIUS AVENUE NORTH Closing Date : 05-Sep-2002
EPA Lab Code: SEATTLE, WA-98109 Score Date : 24-Sep-2002
WA01127 (206) 622-6960

Director: MS. MICHELLE GAUTHIER

** indicates NVLAP accredited analyte. Lab Code 200387-0. ELAP is an A2LA accredited Proficiency Testing Provider. Certificate Number 1785.01

This report may contain data that are not covered by the NVLAP accreditation.

Shipment: 255

Non Potable Water Chemistry

Analyte Name Units Sample Method Result Mean/ Warning Acceptance Score

ID Target Limits Limits
Sample: Non Potable Water  Mercury
Mercury, Total ** ug/L 5511 EPA 1631 224 249 209-29 18.8-311 Satisfactory
EPA Code: 0009 138 passed out of 148 reported results.
Sample: Non Potable Water  Metals | and ||
Silver, Total ** ug/L 5511 EPA 200.8 101 100 90.2-110 85.2-115 Satisfactory
EPA Code: 0017 145 passed out of 155 reported results.
Arsenic, Total ** ug/L 5511 EPA200.8 319 301 267 - 336 249 - 353 Satisfactory
EPA Code: 0002 136 passed out of 150 reported results.
Barium, Total ug/L 5511 EPA 200.8 1490 1490 1280 - 1700 Satisfactory
EPA Code: N/A 133 passed out of 143 reported results.
Cadmium, Total ** ug/L 5511 EPA 200.8 248 249 225-273 213-285 Satisfactory
EPA Code: 0004 154 passed out of 162 reported results.
Chromium, Total ** ug/L 5511 EPA 200.8 411 400 365 - 436 348 - 453 Satisfactory
EPA Code: 0006 141 passed out of 162 reported results.
Copper, Total ** ug/L 5511 EPA200.8 527 501 469 - 534 453 - 550 Satisfactory
EPA Code: 0007 150 passed out of 165 reported results.
Nickel, Total ** ug/L 5511 EPA200.8 1060 1010 940 - 1080 905 - 1120 Satisfactory
EPA Code: 0011 141 passed out of 163 reported results.
Lead, Total ** ug/L 5511 EPA200.8 249 250 226 -274 214 - 285 Satisfactory

EPA Code: 0012

162 passed out of 173 reported results.



WADSWORTH CENTER Page 1 0of 3
NEW YORK STATE DEPARTMENT OF HEALTH
ENVIRONMENTAL LABORATORY APPROVAL PROGRAM
Proficiency Test Report
Lab Id: 11662 FRONTIER GEOSCIENCES INC Shipment Date  : 28-Jan-2002
414 PONTIUS AVENUE NORTH Closing Date : 15-Mar-2002
EPA Lab Code: SEATTLE, WA-98109 Score Date : 02-Apr-2002
WA01127 (206) 622-6960

Director: MS. MICHELLE GAUTHIER

** indicates NVLAP accredited analyte. Lab Code 200387-0. ELAP is an AZLA accredited Proficiency Testing Provider. Certificate Number 1785.01

This report may contain data that are not covered by the NVLAP accreditation.

Shipment: 250

Non Potable Water Chemistry

Analyte Name Units Sample Method Result Mean/  Acceptance Warning Score

ID Target Limits Limits
Sample: Non Potable Water Mercury
Mercury, Total ** ug/L 5011 EPA 1631 11.6 125 10.4-14.6 9.35-15.6 Satisfactory
EPA Code: 0009 FLUORESCEN 146 passed out of 156 reported results.
Sample: Non Potable Water Metals | and Il
Silver, Total ** ug/L 5011 Methgd Not 471 511 462 - 560 438 - 584 Satisfactory
EPA Code: 0017 Spesifed 154 passed out of 164 reported results.
Arsenic, Total ** ug/L 5011 Methpd Not 650 714 636-792 597 - 831 Satisfactory
EPA Code: 0002 Specified 149 passed out of 157 reported results.
Barium, Total ug/L 5011 Methgd Not 958 1070 922 - 1230 Satisfactory
EPA Code: N/A Specified 144 passed out of 151 reported results.
Cadmium, Total ** ug/L 5011 Meths:d Not 9.45 10.2 8.46-11.9 7.61-127 Satisfactory
EPA Code: 0004 Spacified 150 passed out of 175 reported results.
Chromium, Total ** ug/L 5011 Methgd Not 502 561 512 - 609 488 - 634 Check For Error
EPA Code: 0006 Spedified 165 passed out of 173 reported results.
Copper, Total ** ug/L 5011 Methgd Not 583 602 564 - 640 545 - 659 Satisfactory
EPA Code: 0007 SN 165 passed out of 174 reported results.
Nickel, Total ** ug/L 5011 Meﬁ19d Not 815 869 808 - 930 777 - 961 Satisfactory
EPA Code: N/A Specified 166 passed out of 173 reported results.
Lead, Total ** ug/L 5011 Methgd Not 1630 1670 1530 - 1800 1470 - 1860 Satisfactory
EPA Code: N/A Specified '

170 passed out of 186 reported results.
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Appendix D:

Examples Of Laboratory
Intercomparison Studies - 2002

1. 15" Intercomparison For Trace Elements In Marine
Sediments and Biological Tissues - National Research
Council Canada - May 2002

Note: Frontier participated in many Intercomparisons
Studies, however, all those that Frontier was invited to
participate in were for Trace Metals, not including
mercury. We therefore decided to exclude these from
this report. Frontier will be performing two HAL,
real rainwater matrix intercomparison studies as was
done in 1999.

A< rontier 2002 Mercury Deposition Network
\ JEOSCIEINCES Inc. HAL—Quality Assurance Report
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National Research Conseil national
Council Canada de recherches Canada

Institute for National Institut des étalons
Measurement Standards  nationaux de mesure

NC-CANRC

Fifteenth Intercomparison for Trace
Elements in Marine Sediments and
Biological Tissues

Scott Willie

Chemical Metrology

NRC Document No. 42768

May 2002

i+l

Canada



MCCMC

MERCURY MERCURY
Sediment 2001 MESS-3
mg/kg ma/kg
b Mean SD RSD _A=ab Mean SD RSD
@ 3 0331 0378 0381 0363 0028 7.7 Cy 3 0091 0082 0.089 00876 00048 5.5

0 0
3 3 034 035 033 034 001 29 3 3 009 009 008 008 001 67
4 3 0421 0432 0408 0420 0012 2.9 4 3 0089 0095 0.091 0092 0003 33
5 3 035 036 036 036 001 1.6 5 3 0091 0081 0.091 0091 0000 0.0
6 3 044 039 036 040 004 102 6 3 0098 0083 01 0097 0004 3.7
7 3 0303 0.3 028 029 0010 3.3 7 3 008 0099 0.088 0091 0007 7.7
8 3 037 0353 0.363 0362 0009 2.4 8 3 01 0093 0098 0097 0004 3.7
9 3 0303 0317 0327 0316 0012 3.8 9 3 0089 0085 0084 0.0859 00025 29
10 1 033 10 0
11 3 037 0385 0378 0378 0008 20 11 3 0106 0.087 0.089 0.0938 00106 11.3
12 3 0344 0343 0378 0355 0020 5.6 12 3 0.087 0087 0.081 0.0850 00032 3.8
13 0 130
14 3 0357 038 0.367 0.3678 00112 3.0 14 3 0098 0096 0.098 00974 00011 1.1
15 3 0374 0377 0374 0375 0002 05 15 3 008 009 0089 0.0894 00006 0.7
16 3 0348 0348 0348 035 000 0.0 16 3 0092 0091 0.091 009 000 08
17 0 17 0
18 3 0399 0382 0355 0379 0022 59 18 3 0119 011 0123 0117 0007 57
19 3 0412 0408 0.396 0405 0008 2.1 19 3 0098 0105 0.095 00993 00052 5.2
20 3 0398 0403 0403 0.401 0003 07 20 3 0.096 0096 0.9 0096 0000 0.0
21 3 035 033 038 035 003 7.1
2 0

MERCURY MERCURY
Tissue 2001 DOLT-2
mg/kg mg/kg
b Mean SD RSD Mean SD RSD

1 3 393 399 381 3.91  0.09 23 1 3 226 23 248 235 012 5.0
0 0
3 3 3.3 3.4 3.4 34 0.1 1.7 3 3 2.1 21 2.2 21 0.1 27
4 3 3.8 3.3 3.4 3.5 0.3 7.6 4 3 21 1.8 2.2 2.0 0.2 102
5 3 3 303 305 3.03 0.03 0.8 5 3 214 213 214 214 0.0 0.3
6 3 326 333 317 3.25 0.08 25 6 3 212 226 21 216 0.09 4.0
7 3 359 357 3.61 359 0.02 0.6 7 3 221 214 216 217  0.04 1.7
8 3 3292 3126 3.168 3.195 0.086 2.7 8 3 2118 2057 2128 2101 0.038 1.8
9 3 337 318 327 3.27 0.10 29 9 3 226 212 247 218 0.07 3.2
10 2 251 2.44 248 0.05 2.0 10 2 151 1.48 1.50 0,02 1.4
11 3 363 354 3.5 3.56 0.07 1.9 11 3 233 218 23 227 0.08 35
12 3 3M 3.42 337 3.40 0.03 0.8 12 3 223 224 223 223 0.01 0.3
13 0 13 0
14 3 276 2695 2656 2.704 0.053 1.9 14 3 1.879 1.952 1.877 1.903 0.043 2.2
15 3 326 324 323 3.24 0.02 0.5 15 3 206 208 209 208 0.02 0.7
16 3 336 333 335 3.35 0.02 0.5 16 3 211 214 22 215 0.05 2.1
17 0 17 0
18 3 16 1.35 1.44 146 0.13 8.7 18 3 194 1.9 232 205 023 113
19 3 342 334 331 3.36 0.06 1.7 19 3 216 219 212 216 0.04 1.6
20 3 333 339 333 3.35 0.03 1.0 20 3 209 209 218 212 0.05 25
0
3

344 341 3.47 3.44 0.03 0.9

B e e e e e e s e e )
Trace Metal Intercomparison in Marine Sediments and Biological Tissues 67
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