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DISCLAIMER

Certain commercial equipment or instruments are identified in this report to specify adequately
the experimental procedures. Such identification does not imply recommendations or
endorsement by the National Institute of Standards and Technology nor does it imply that the
equipment or instruments are the best available for the purpose.



ABSTRACT

The National Institute of Standards and Technology (NIST), in support of the National Oceanic
and Atmospheric Administration’s Marine Mammal Health and Stranding Response Program
(NOAA/MMHSRP), conducts annual interlaboratory comparison exercises for the determination
of chlorinated pesticides, polychlorinated biphenyl congeners (PCBs), and trace elements in
marine mammal tissues. These exercises provide one mechanism for laboratories to evaluate
their measurement quality and comparability for these constituents in marine mammal tissues. In
the 2003 exercise, 24 laboratories participated in determining the concentrations of selected
PCBs and organochlorine pesticides in a homogenized blubber control material “Marine
Mammal Quality Assurance Exercise Homogenate VI” (Homogenate VI) and Standard
Reference Material (SRM) 1945 Organics in Whale Blubber. This report includes the results
reported by the participating laboratories, combined consensus data results, and summary
statistics for each analyte in the samples. The numerical indices used to assess laboratory
performance are also discussed.
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INTRODUCTION

Laboratories measuring organic contaminants in the marine environment must assess the
accuracy and precision of their measurements. Quality control of measurements made on marine
environmental samples is vital to the accurate assessment of marine pollution and its effects on
wildlife and human health. NIST aims to improve the quality of analytical measurements of
organic contaminants in marine and environmental matrices by developing improved analytical
methods, producing NIST Standard Reference Materials (SRMs) and other control materials, and
conducting annual interlaboratory comparison exercises.

Through the NIST National Marine Analytical Quality Assurance Program and with support
from the NOAA Marine Mammal Health and Stranding Response Program (MMHSRP), NIST
conducts interlaboratory comparison activities to include analyses of marine mammal tissues.
The 2003 NIST/NOAA Interlaboratory Comparison Exercise Program for Organic Contaminants
in Marine Mammal Tissues was modeled after previous exercises (Schantz et al., 1996; Schantz
et al., 2002; Kucklick et al., 2002). The current exercise was designed to help laboratories assess
data comparability and quality relative to other groups providing measurements of
organochlorine contaminants in marine mammal tissues and to link these important
measurements to a national metrology laboratory. The results of the exercises presented in this
report should be useful for both assessing current methodology and reducing the variability of
contaminant data reported on marine mammals. Future exercises will allow for the assessment
of analytical data quality over time. This report summarizes the 2003 organic contaminant
exercise including methods used for analysis, data reported by the laboratories on the
intercomparison materials, and numerical indices used to assess laboratory performance. A
report describing the 2003 trace element results of this exercise is in preparation.

MATERIALS USED IN THE 2003 EXERCISE

The 2003 NIST/NOAA Interlaboratory Comparison Exercise for Organochlorines in Marine
Mammal Tissues (2003 MMQA) used two materials sent out to 30 laboratories. Twenty-four
laboratories submitted data for this exercise (Table 1). Participants were asked to make three
measurements each on two materials: SRM 1945 “Organics in Whale Blubber” and MMQA-VI
(Homogenate VI), the “unknown.” The unknown material for the 2003 Organic Intercomparison
Exercise was fat from two polar bears (Ursus maritimus). Four approximately 150 g samples, 2
samples from each animal, were shipped to the NMMTB as extra material. Both animals were
adult males and were collected from Barrow, Alaska. The tissues were homogenized and
blended (Zeisler et al., 1983) on February 7, 2002 and partitioned into sixty-three 8 g to 10 g
samples to be used as the Unknown QA Material VI. At NIST-Charleston, the blubber tissue
was stored in a liquid nitrogen (LN,) vapor phase freezer at —150 °C until prepared for this
exercise. One bottle of this material along with one bottle of SRM 1945 were sent either on dry
ice or using a liquid nitrogen cooled biological dry shipper via overnight express to each
participating laboratory.

Exercise Requirements and Target Analytes

A suite of analytes was chosen for the exercise based on those used in prior exercises (Schantz et
al., 1996; Schantz et al., 2002; Kucklick et al., 2002) and several additional analytes were



included to broaden this list (Table 2). In addition the compounds listed in Table 2, participants
were requested to provide, if possible, values for brominated diphenyl ether congeners, coplanar
PCB congeners, total toxaphene and toxaphene congeners, chlorinated dioxins and furans and
fatty acids. Laboratories were requested to make triplicate measurements of these compounds in
each of the materials and report their data using a data template provided by NIST. Results from
the exercise were discussed during a workshop held in conjunction with the 2003 Society of
Marine Mammology Biennial meeting held in Greensboro, North Carolina on December 16,
2003.

EVALUATION OF THE EXERCISE RESULTS
Determination of Laboratory Means for Compounds in Table 3

Each laboratory reported the results of their analyses (Sample 1, Sample 2, and Sample 3) and
the mean for each laboratory was calculated. Non-numerical results were reported as “NA” (not
available). None of the target analytes were below the limit of detection for the participating
laboratories (Tables 4 - 7 and Appendix A).

Establishment of Consensus Values

The following guidelines were used by NIST for establishing the “consensus values” for the
exercise. The consensus values for Homogenate VI were the mean of all the reported laboratory
means for a compound after the data were first screened for the presence of outliers by
examining box plots. Individual means for the majority of data were log normally distributed,
hence the geometric mean was used. Outliers were not included in the mean. Generally, most or
all the values were included in the determination of the consensus values (outliers are shown in
bold in Tables 4 and 5). The target values for the SRM were the certified values, reference
values, or the consensus value determined from data pooled from prior exercises where SRM
1945 was also analyzed (Tables 6 and 7).

Reported Results

Laboratories were assigned a numerical identification code or (alphabetical code for fatty acids)
based on the order in which data were received with the exception of NIST Charleston, which
was Laboratory 1 and NIST Gaithersburg, which was Laboratory 2. The same code was used for
both materials. The results from the analysis of Homogenate VI and SRM 1945 are summarized
in Tables 4 through 7. Appendix A shows the tabulated results from the individual laboratories
for both materials and the results are shown graphically in Appendix B. Appendix C gives the
methods used for analysis by each laboratory and Appendix D shows data for additional
analytes.



Table 1: Laboratories Participating in the
Exercise Program for Organic Contaminants.

2003 NIST/NOAA Interlaboratory Comparison

Mississippi State Chemical Lab
Mississippi State
USA

Geochemical and Environmental Research Group
Texas A&M University
USA

213 National Food Safety and Toxicology Ctr
Michigan State University

Fisheries and Oceans Canada
Institute of Ocean Sciences

USA Sidney, B.C.

Canada
Environmental Research Institute University of Pennsylvania
University of Connecticut Toxicology Laboratory
USA USA

National Laboratory for Environmental Testing
National Water Research Institute
Environment Canada

Canada

Skidaway Institute of Oceanography
Savannah, Georgia
USA

Wadsworth Center, New York State Dept of Health
Dept of Environmental Health and Toxicology, SUNY
at Albany

USA

Center for Marine Environmental studies,
Ehime University
Japan

Oklahoma Disease Diagnostic Laboratory and
Veterinary Pathobiology Laboratory
Oklahoma State University

USA

University of Barcelona
Barcelona
Spain

NOAA/National Marine Fisheries Service
Highlands, New Jersey

NOAA/National Marine Fisheries Service
Northwest Fisheries Science Center

USA Seattle, Washington
USA
Laboratory of Environmental Toxicology NIST

The Norwegian School of Veterinary Science
OSLO

Hollings Marine Laboratory
Charleston, South Carolina

Norway USA
NOAA/National Ocean Service NIST
Center for Coastal Environmental Health and Gaithersburg, Maryland
Biomolecular Research USA

Charleston, South Carolina
USA

Toxicological Center
University of Antwerp (UA)
Wilrijk

Belgium

Separtment of I. A. and Environmental Chemistry
General Organic Chemistry Institute, CSIC
Madrid

Spain

Freshwater Institute
Fisheries and Oceans Canada
Winnipeg, Manitoba

Canada

Department of Biology
University of Ottawa
Canada

Veterinary Medical Center
Michigan State University
USA

Mote Marine Laboratory
Sarasota, Florida
USA

NOAA

Auke Bay Laboratory
Juneau, Alaska

USA




Table 2: Target Analytes for the NIST/NOAA Interlaboratory Comparison Exercise Program
for Organic Contaminants in Marine Mammal Tissues.

Pesticides PCB Congeners Congener Substitution
2,4-DDT 18 2,2’,5-trichlorobiphenyl
4,.4°-DDT 28 2,4,4’-trichlorobiphenyl
2,4’-DDE 31 2,4’ 5-trichlorbiphenyl
4,4’-DDE 44 2,2°,3,5 -tetrachlorobiphenyl
2,4’-DDD 49 2,2°,4,5 -tetrachlorobiphenyl
4,4°-DDD 52 2,2°,5,5 -tetrachlorobiphenyl
HCB 66 2,3’,4,4’-tetrachlorobiphenyl
a-HCH 87 2,2°,3,4,5 -tetrachlorobiphenyl
v-HCH 95 2,2°,3,5,6-tetrachlorobiphenyl
B-HCH 99 2,2°,4,4° 5-tetrachlorobiphenyl
heptachlor epoxide 101 2,2°,4,5,5 -tetrachlorobiphenyl
cis-chlordane 105 2,3,3’,4,4’-tetrachlorobiphenyl
trans-chlordane 118 2,3°,4,4’,5-tetrachlorobiphenyl
oxychlordane 128 2,2°,3,3’,4,4’-hexachlorbiphenyl
cis-nonachlor 132 2,2°,3,3°,4,6’-hexachlorbiphenyl
trans-nonachlor 138 2,2°,3,4,4°,5’-hexachlorbiphenyl
dieldrin 149 2,2°,3,4°,5° 6-hexachlorobiphenyl
mirex 151 2,2°,3,5,5’ ,6-hexachlorbiphenyl
153 2,2°,4,4°,5,5’-hexachlorbiphenyl
156 2,3,37,4,4°,5-hexachlorbiphenyl
170 2,2°,3,3°,4,4°,5-heptachlorobiphenyl
180 2,2°,3,4,4°,5,5’-heptachlorobiphenyl
183 2,2°,3,4,4°,5 ,6-heptachlorobiphenyl
187 2,2°,3,4°,5,5’ ,6-heptachlorobiphenyl
194 2,2°,3,3°,4,4°,5,5-octachlorobiphenyl
195 2,2°,3,3’,4,4’,5,6-octachlorobiphenyl
201 2,2°,3,3°,4,5,5°,6’-octachlorobiphenyl
206 2,2°.3,3°,4,4°,5,5° ,6-nonachlorobiphenyl
209 2,2°.3,3°,4,4°,5,5°,6,6’-decachlorobiphenyl




Assignment of z-and p-scores

Performance Scores: Different programs have different data quality needs. The acceptability of
the results submitted by a laboratory will be decided by the individual program(s) for which the
laboratory provides data. Typically, the program will use these exercise results in conjunction
with the laboratory’s performance in the analysis of certified reference materials and/or control
materials, and of other quality assurance samples. These exercise results are shown in a number
of ways in this report to aid in the evaluation of data quality.

IUPAC guidelines (IUPAC 1993) describe the use of “z-scores” and “p-scores” for assessment
of accuracy and precision in interlaboratory comparison exercises, such as described in this
report. These indices assess the difference between the result of the laboratory and the exercise
assigned value, and can be used, with caution, to compare performance on different analytes and
on different materials.

Accuracy Assessment (z-score):

z = bias estimate / performance criterion

or
z = (x-X)o

where x is the individual laboratory result, X is the “Exercise Assigned Value,” and o is the
target value for the standard deviation. As described in the [UPAC guidelines, the choice of G is
dependent upon the data quality objective of a particular program. It can be fixed or determined
by reference to validated methodology (e.g., the calculated ¢ from the exercise data, see Tables 4
through 7). The fixed performance criterion is more useful in the comparison of a laboratory’s
performance on different materials, while the use of the actual variation may be more useful
within a given exercise, for example, if the determination of a particular analyte is more
problematic than usual.

The z-scores calculated using both approaches and applied to each laboratory’s data are given in
Appendix A. The same criterion was adopted for use in this exercise as was used in the former
NIST/NOAA/NS&T program, where the target standard deviation was set to 25 % of the
exercise assigned value. The z-scores for the Homogenatel VI represent 25 % of the assigned
value so that z = +1 is the assigned value plus 25 %, z = -1 is the assigned value minus 25 % and
so forth. z-scores are also calculated based on the standard deviation of an analyte in the control
material such that z = +1 is one “exercise standard deviation” higher than the assigned value and
z = -1 is one “exercise standard deviation” lower than the assigned value and so forth. From a
scientific point of view, [UPAC does not recommend the classification of z-scores, but does
allow for such classification, e.g.,

lz| <2 Satisfactory

2< |zl <3 Questionable



lz| >3 Unsatisfactory

The tables in Appendix A summarize the results and performance indices including the number
of analytes that fall within each category for each laboratory.

Precision Assessment (p-score):

P = Ciab / Giarget ~ CVia/ CVtarget

where G, and Girger are variance estimates for the individual laboratory and the target variance,
respectively. The CVy, is the coefficient of variance (or ratio of standard deviation to the mean),
while the CVige 1s a target value chosen by the participants. During the workshop that
accompanied this exercise, a target CV of 15% was agreed upon, which is the same value used
by other NIST run exercise programs (Schantz et al., 1996; Schantz et al., 2002; Kucklick et al.,
2002). Note that the precision that p describes is that which occurs within a batch of analyses.
Between-batch variance is likely larger and was not assessed in this exercise.

RESULTS AND DISCUSSION

Summarized results are shown in Tables 4 through 7 for the compounds listed in Table 3 and
data for brominated diphenyl ether (BDE) congeners and fatty acids are shown in Tables 8 and 9,
respectively. The concentration of certain organochlorine compounds in Homogenate VI was
considerably higher than in SRM 1945, especially for PCB 153 and beta-HCH. The relative
concentrations of organochlorine compounds in the polar bear were very different than SRM
1945, which is pilot whale blubber, and consistent with observations from other studies of polar
bears (e.g. Letcher et al., 1998). The consensus value for the sum of PCB congeners in
Homogenate VI was 3,580 ng/g wet mass versus 1,350 ng/g wet mass in SRM 1945 (sum of the
certified and reference values, Table 6). Likewise the sum of the organochlorine pesticides in
Homogenate VI was 2,610 ng/g wet mass versus 1,500 ng/g wet mass in SRM 1945 (sum of the
reference values, Table 7). PCB 153 was present in the highest concentration in Homogenate VI
samples with a consensus value of 1610 ng/g (522 ng/g (1 SD)) compared to a certified value of
213 ng/g £ 19 ng/g in SRM 1945. Beta-HCH was the compound present in the highest
concentration in Homogenate VI with a concentration of 1100 ng/g (375 ng/g) versus a reference
value of 8.0 ng/g + 1.4 ng/g in SRM 1945. The mean “total extractable organics” determined in
Homogenate VI was 73.1 % (4.3 %) and the average value determined by the participants in
SRM 1945 was 73.4 % (7.3 %) relative to the certified value of 74.3 % + 0.45 % (Table 7).

The relative scatter among the laboratories appeared similar for many of the compounds with
some exceptions (Appendix B). As in previous years, this was especially noticeable for PCB
congener 201 for both the control material and the SRM. This may be a result of the two
nomenclature systems used for this PCB congener (Guitart et al., 1993). High biases (most
values exceeding the certified value) were observed among the values determined in the SRM
relative to the certified value for the following compounds: PCB 87, PCB 99, PCB 180, PCB
194, PCB 206, PCB 209, and cis-nonachlor. Low biases (most values below the certified or



reference value) were observed for PCB 18, PCB 28, PCB 49, PCB 52, PCB 105, PCB 149, PCB
195, 4,4’-DDT, 4,4’-DDD, HCB, and trans-nonachlor.

The data reported on the BDE congeners are given in Table 8. Five laboratories submitted data
for the BDE congeners for SRM 1945 and four submitted data for Homogenate VI. Data for 19
BDE congeners were reported along with data for brominated biphenyl 153. A consensus mean
was derived using the geometric mean of the reported values after screening for outliers using
box plots.

The relative proportions and the concentrations of BDE congeners differed between the two
materials. The concentrations of BDE congeners were at least ten-fold less in Homogenate VI
than in SRM 1945. The lower concentrations in Homogenate VI are not unexpected based on
other published BDE measurements in Arctic marine mammals (e.g., Ikonomou et al., 2002).
Based on the consensus means, BDE 47 comprised 44 % and 73 % of the total BDEs (sum of
congeners 47, 99, 100, 153, and 154) in SRM 1945 and Homogenate VI, respectively.

Table 8 also contains literature values for the concentrations of BDE congeners 47, 99, 100, 153,
and 154 in SRM 1945. In general, consensus values agreed with literature values for SRM 1945
within a factor of two; however the literature values were all greater than the consensus values
for unknown reasons.

Data for a large number (= 100) of individual fatty acids were reported by four laboratories
(Tables 9 and 10). However, only the fatty acids listed in Table 9 and 10 were requested;
additional fatty acids are listed in Appendix D. A mean value was calculated for laboratories A
through C as these results are in mg/g wet mass. Laboratory D’s data were not included in this
as it appeared their data were in units of fraction (%) of fatty acid to the total fatty acids.
Laboratories E and F’s data are in fraction (%) of fatty acid to the total fatty acids.

A number of laboratories reported results for analytes in addition to the target compounds
(Appendix D). Additional analytes that were reported included other PCB congeners (Labs 1, 2,
4,6,7,8, 19, 22), coplanar PCBs (Labs 5, 6, 8, 13), and other organochlorine pesticides (Labs 1,
2,4,6, 14).

The participants used a variety of different methods to analyze the materials in this exercise
(Appendix E). Nine laboratories used Soxhlet extraction to extract the materials, eight used
pressurized fluid extraction, and the remaining laboratories used other techniques including
maceration with solvent and column elution. Of the laboratories that responded, eight
laboratories performed a pre-separation on the sample extracts prior to gas chromatographic
(GC) analysis (i.e., fractionation), while nine laboratories did not. About half of the laboratories
used GCl/electron capture detection (ECD) to quantify the compounds and the other half used
GC/mass spectrometry detection (MS) or a combination of GC/ECD and GC/MS. Eight
laboratories performed a preseparation prior to analysis by GC/MS. Other details are
summarized in Appendix E.



CONCLUSIONS

Twenty-four laboratories submitted data for the two exercise materials on a wide variety of
organic constituents including PCBs, pesticides, fatty acids, and BDE congeners. The increasing
participation in the exercise indicates the value of the exercise to those labs submitting data. A
new exercise will be conducted in late 2004 or early 2005 using SRM 1945 and a new unknown
material. The exercise coordinators plan to vary the type of control material used to include
other species of interest such as a delphinid. NIST is somewhat constrained on the choice of the
material as a fairly large quantity (= 1 kg) is needed, and this amount of material is not available
on a routine basis. SRM 1945 will continue to be the SRM used in this exercise, because it is the
only marine mammal tissue available with certified and reference values for organochlorine
compounds. The core suite of analytes (Table 3) will remain the same, however data from
BDEs, toxaphene and fatty acids will be requested.
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Table 3: Mean polychlorinated biphenyl congener concentrations in Homogenate VI (ng/g wet mass) reported by each laboratory. The values in bold are outliers and were not used to determine the geometric consensus mean. Notes are given in Appendix E.

Laboratory Reported Consensus 95% Confidence

Compound 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23| Mean 1SD n Mean 1SD n Half Interval
18 <2 <5 <820 <155 NA 6.64 DL DL NA <969 6.83 NA 0204 NA NA NA NA <05 NA NA NA NA NA| 210 3.8 3 <5 - 3 --
28 <2 <6 <11.3 <156 NA 3.49 850 0.280 NA <969 115 NA 101 NA 0.282 <0.11 131 0433 NA 179 NA NA 333 198 4.9 10 <5 - 10 -
31 w/28 <5 NA <117 NA DL DL 0.143 NA NA NA NA 0273 NA 193 <016 NA <05 NA NA NA NA NA| 0422 1.0 3 <5 - 3 -
44 <2 <5 <105 <155 NA 6.91 564 0235 109 265 733 NA <0100 NA 210 NA NA <05 341 NA NA NA 750 4.66 12 9 <5 - 7 -
49 <2 22.1 13.3 <155 NA 6.93 913 0.712 ND NA NA NA 0321 NA 229 NA NA 0697 459 NA NA NA 3.62| 4.03 14 10 <5 - 9 -
52 <2 829 <108 181 NA 10.6 102 173 419 223 617 NA 0293 NA 289 478 465 163 105 7.82 NA NA 192 554 28 16 3.78 58 14 3.0
66/95 below below below below NA 8.14 138 NA  below NA 303 NA below NA 2838 <013 NA below NA 197 NA NA NA| 454 5.0 5 3.44 28 4 27
87 <2 <10 <94 782 NA seenotes DL 6.09 NA <=105 NA NA <01 NA 692 <010 NA 567 307 NA NA NA 424| 7.90 10 6 6.02 13 5 12
99 347 312 312 319 NA 372 466 397 262 NA NA NA 359 NA 335 377 NA 342 749 NA NA NA 435 316 92 14 353 54 13 30
101 (+90) <10 4.96 179 486 NA 125 279 429 176 115 109 NA 151 NA 465 215 166 491 113 6.76 NA NA 128 118 46 17 8.49 75 15 3.8
105 16.3 NA <154 167 250 186 355 157 146 326 125 NA 195 NA 121 215 186 159 423 805 NA NA 229| 189 89 17 18.0 74 16 3.6
118 60.0 73.4 477 604 689 698 101 579 619 506 410 NA 777 NA 453 585 139 579 135 389 NA NA 49.7 639 28 19 58.4 16 17 75
128 9.29 11.2 <55 119 NA 12.8 16.8 11.3 11.0 16.0 880 NA 129 NA 116 138 139 113 NA NA NA NA 965 120 2.3 15 12.0 23 15 1.15
132 w/153 <8 NA NA NA seenotes DL NA NA NA NA NA <10 NA NA NA NA NA NA NA NA NA NA NA NA 0 <8 - 0 -
138 (+163+164) 213 seenotes 857 286 214 322 540 346 237 276 111 NA 205 NA 173 292 241 235 412 250 NA NA NA| 240 107 17 229 82 17 39
149 2,57 <8 <113 259 NA 4.55 261 247 NA NA NA NA 391 NA 264 172 193 258 196 NA NA NA NA| 597 92 11 2.66 090 9 0.59
151 <2 <8 <8.90 <156 NA DL ND 0.820 0.970 NA NA NA 0215 NA NA 0557 333 0927 584 NA NA NA 7.65( 1.84 20 8 <8 -7 -
153 2055 1991 1907 1887 2317 1797 3944 NA 1303 1997 936 NA 2029 NA 1007 2250 1345 1808 548 2173 NA NA NA| 1695 741 17 1607 522 16 256
156 58.7 65.5 484 639 768 789 792 601 707 NA NA NA 790 NA NA 763 637 69.1 304 49.8 NA NA 27.9| 59.9 16 16 59.9 16 16 7.9
170 (+190) 440 345 172 410 526 505 479 373 363 278 231 NA 347 NA 264 427 249 364 725 202 NA NA 340| 309 119 19 309 119 19 53
180 670 seenotes 561 734 802 843 1484 869 596 606 457 NA 943 NA 440 958 492 752 318 791 NA NA 723| 684 261 18 653 185 17 88
183 20.8 220 <189 234 NA 33.0 503 265 318 NA NA NA 212 NA 177 222 236 234 87.0 128 NA NA 280| 264 18 15 243 88 13 4.8
187 7.40 <10 <146 875 NA 14.6 895 949 NA 135 570 NA 960 NA 784 575 196 887 295 NA NA NA 214| 127 7% 14 101 50 13 27
194 167 142 124 156 NA 227 301 170 142 228 NA NA 167 NA 103 219 120 163 198 136 NA NA 120| 163 51 17 163 51 18 24
195 3.27 <15 <73 259 NA 6.29 7.29 3.37 341 4.65 893 NA 394 NA 242 NA 453 351 342 NA NA NA NA| 491 8.4 13 4.18 20 12 11
201 <2 NA <56 NA NA 133 86.9 492 539 <240 NA NA 576 NA 504 NA 703 NA 810 NA NA NA NA| 123 36 8 6.45 35 7 2.6
206 37.2 35.1 26.2 387 NA seenotes 68.8 362 343 454 258 NA 342 NA 260 359 316 NA NA NA NA NA 225( 342 11 14 324 6.4 13 35
209 12.3 12.3 897 129 NA 449 278 133 118 156 164 NA 130 NA 992 121 119 NA NA NA NA NA 103| 141 92 15 12.3 21 13 11
66 3.12 <10 <11.7 <155 NA NA NA 1.06 197 <969 NA NA 0297 NA NA NA NA 0863 793 NA NA NA 449 249 29 7 <10 - 6 -
95 <2 <10 <9.70 0.985 NA NA NA 0.887 132 NA NA NA <0125 NA NA NA 87.6 147 537 NA NA NA 096 3.59 35 7 <10 - 8 -
NA=Not Available below=see below for results prestented individually.

DL=Below Detection Limit




Table 4: Mean organochlorine pesticide and lipid concentrations in Homogenate V1 determined by each laboratory (ng/g wet mass and percent (mass fraction), respectively).  Notes are given in Appendix E.
The values in bold are outliers and were not used to determine the geometric consensus mean.

Laboratory Reported Consensus 95% Confidence
Compound 1 2 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Mean 1SD n Mean 1SD n Half Interval
2,4’-DDT <2 <5 395 180 <22 18.9 556 292 NA <260 213 <5 <20 NA NA <0.15 340 <1.0 NA NA NA NA 217 6.56 16 8 <5 - 8 -
4,4’-DDT 4.09 540 <137 7.02 NA 16.0 835 6.79 6.13 <=516 9.90 <5 10.6 754 157 <0.83 12.7 12.0 6.83 16.6 NA NA 6.29 10.1 17 16 8.83 41 14 22
2,4’-DDE <2 <5 <740 <154 NA 3.20 ND 0.144 NA 231 570 <5 <20 NA NA NA 564 NA NA NA NA NA 645 5.70 31 7 <5 - 3 --
4,4’-DDE 71.0 59.9 852 838 879 82.2 159 86.6 889 7.60 42,6 67.3 96.0 56.6 77.7 66.5 107 96.4 458 552 NA NA 787 68.3 29 21 72.3 18 19 8.0
2,4’-DDD 158 <5 <153 <154 <35 593 ND 0.249 NA 109 <1 <5 <20 NA NA <014 NA <10 NA NA NA NA 22 223 4.3 5 <5 - 4 --
4,4’-DDD 251 438 <445 2.63 <35 seenotes 3.62 213 389 387 115 <5 336 13.6 7.65 123 4.34 586 190 105 NA NA 5.65 475 73 18 3.71 33 16 1.6
HCB 251 277 197 270 321 182 432 295 218 324 180 NA 174 NA 245 244 179 248 136 NA NA NA 358 242 75 18 242 75 17 36
alpha-HCH 635 67.2 548 724 NA seenotes 109 120 70.2 9.17 443 <5 609 446 79.0 524 625 576 480 NA NA NA 842 58.3 25 17 65.4 21 14 11
beta-HCH 1738 869 1197 1190 NA 1092 1964 2918 964 1150 688 1065 1081 630 NA 980 675 1650 1283 NA NA NA 1465 1164 552 18 1102 375 16 184
gamma-HCH <2 <15 <1 265 NA 4.67 286 181 234 217 253 <5 284 NA 314 197 560 144 NA NA NA NA 4.46 2.75 12 13 <5 - 12 -
Heptachlor Epoxide | 139 77.5 101 99.9 NA 81.4 143 146.3 719 107 494 926 118 66.9 NA <0.074 NA NA NA NA NA NA 103 95.5 29 14 95.5 28 13 15
Cis-Chlordane <2 256 <10.6 <1.54 NA DL ND 96.3 156 229 877 <5 <20 101 NA 813 NA NA DL NA NA NA 891 221 40 8 221 40 7 29
Trans-Chlordane 272 <5 <414 227 NA 10.2 6.24 9.30 437 142 143 NA <20 NA NA 341 NA NA DL NA NA NA 961 10.1 43 10 6.02 14 8 10
Oxychlordane 631 402 NA 475 NA 443 656 720 450 706 308 429 467 642 NA 305 NA 508 1172 NA NA NA 750 534 215 16 534 215 14 113
Cis-Nonachlor 4.03 6.09 <7.20 6.31 NA seenotes 7.65 6.98 6.84 343 403 <5 756 NA NA 519 NA NA 393 NA NA NA 526 5.42 15 12 5.25 14 11 0.84
Trans-Nonachlor 155 156 179 182 NA 150 318 214 168 192 97.2 162 193 NA NA 160 NA NA 889 NA NA NA 166 165 52 15 157 34 12 19
Dieldrin 267 151 220 227 NA seenotes 291 177 223 275 122 209 198 650 219 NA NA NA NA NA NA NA 280 196 64 14 214 49 12 27
Mirex 6.81 15.0 <104 11.8 NA 155 155 8.79 11.2 66.1 823 <5 144 NA 198 103 NA NA NA NA NA NA 644 15.5 42 13 11.0 42 11 25
Lipid 68.8 72.6 71.0 711 579 749 716 722 672 739 745 722 668 NA 725 758 726 823 78.7 80.0 NA 782 66.9 723 53 21 73.1 43 20 1.9

NA=Not Available
DL=Below Detection Limit



Table 5: Mean polychlorinated biphenyl congener concentrations in SRM 1945 determined by each laboratory (ng/g we mass). Notes are given in Appendix E.

Laboratory Geometric Reference

Congener 1 2 & 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Mean 1SD n Value Uncertainty Comment
18 4.53 <5 <820 3.09 NA 9.17 309 189 NA <969 223 NA 382 NA 269 NA NA 229 NA NA NA NA NA NA 22 9 448 % 0.88 certified value
28 16.3 145 124 985 NA 23.0 151 912 NA 89 603 NA 103 NA 957 984 966 116 NA 241 NA NA 152 12.1 50 16 1410 % 14 information value
31 w/28 3.60 nd 430 NA 15.1 NA 248 NA NA NA NA 483 NA 392 <016 NA 28 NA NA NA NA 219 4.02 42 8 312 x 0.69 information value
44 10.7 141 <105 11.7 NA 20.5 113 122 942 137 623 NA 113 NA 102 NA NA 120 NA NA NA NA 138 11.7 33 13 122 o+ 14 certified value
49 17.5 18.9 141 169 NA 13.9 358 163 145 NA NA NA 155 NA 139 NA NA 167 922 NA NA NA 209 16.4 6.3 13 208 28 certified value
52 36.8 446 351 381 NA 442 558 373 30.6 469 968 NA 417 NA 261 366 283 381 254 722 NA NA 319 40.1 18 18 36 = 25 certified value
66/95* below below below below NA 70.5 87.0 NA below NA 212 NA below NA 374 211 NA below NA 465 NA NA NA 41.0 27 6 574 sum of the cert. values
87 21.4 19.6 19.6 253 NA seenotes 33.8 236 NA <=443 NA NA 244 NA 243 168 NA 238 691 NA NA NA 175 20.2 64 12 167 14 certified value
99 57.6 51.9 482 548 NA 66.8 680 613 541 NA NA NA 123 NA 943 722 NA 548 204 NA NA NA 480 68.8 42 14 454 = 5.4 certified value
101 (+90) 80.8 71.4 520 775 NA 120 952 885 963 596 725 NA 160 NA 543 832 541 775 141 809 NA NA 426 69.5 31 18 652 56 certified value
105 26.9 NA 195 271 349 593 293 263 217 267 271 NA 491 NA 185 343 308 261 133 11.9 NA NA 154 25.6 12 18 301 # 23 certified value
118 80.7 76.5 675 838 120 101 157 769 712 989 500 NA 103 NA 593 729 887 741 526 475 NA NA 563 773 27 19 746 5.1 certified value
128 20.4 21.9 <55 245 NA 418 238 215 183 620 180 NA 305 NA 766 29.1 264 205 NA NA NA NA 242 27.7 17 15 237 % 17 certified value
132 w/153  20.0 NA NA NA seenotes 274 296 139 NA NA NA 294 NA 146 NA NA 178 306 75 NA NA NA 194 94 9 25 o+ 46 consensus past exercises
138 (+163+164) 137 seenotes 594 183 134 197 273 214 136 209 949 NA 161 NA 112 175 154 134 330 138 NA NA NA 156 65 17 1315  + 74 certified value
149 715 92.1 710 852 NA 83.8 137 101 669 NA NA NA 936 NA 598 550 723 772 151 521 NA NA NA 69.4 27 15 107 + 8.4 certified value
151 24.0 27.9 302 275 NA 29.5 624 314 214 NA NA NA 243 NA NA 228 346 226 DL NA NA NA 209 27.9 1 13 287  # 52 certified value
153 244 238 209 243 297 245 342 NA 171 275 134 NA 240 NA 141 233 216 192 2442 179 NA NA NA 252 540 17| 2130 + 19 certified value
156 10.1 102 <111 126 79 19.1 165 100 975 NA NA NA 234 NA NA 127 250 107 854 39 NA NA 6.08 13.0 20 15 103+ 11 certified value
170 (+190) 472 40.6 310 503 994 583 730 392 407 326 232 NA 426 NA 345 429 339 370 345 202 NA NA 220 442 72 19 406 = 26 certified value
180 133 seenotes 109 144 139 200 2263 153 118 129 86.8 NA 162 NA 948 164 127 130 854 110 NA NA 105 147 173 18| 1067 + 53 certified value
183 36.6 36.0 312 396 NA 46.1 813 475 213 NA NA NA 536 NA 280 374 352 348 276 208 NA NA 201 34.9 15 16 366 41 certified value
187 128 112 94 114 NA 199 118 156 NA 158 827 NA 132 NA 811 819 106 117 133 NA NA NA 0917 99.9 41 16 105 + 9.1 certified value
194 59.1 46.3 424 608 NA 84.3 855 60.1 456 760 NA NA 546 NA 463 873 632 536 263 422 NA NA 297 61.5 52 17 396 25 certified value
195 10.6 <15 <73 116 NA 411 174 152 249 140 128 NA 119 NA 578 NA 151 903 598 NA NA NA NA 131 93 13 177 ¢ 4.3 certified value
201 11.8 NA 102 NA NA 87.9 248 889 659 160 NA NA 126 NA 550 NA 694 NA NA NA NA NA NA 405 39 10| 169 @+ 0.89 certified value
206 49.8 435 343 506 NA seenotes 799 458 385 687 314 NA 515 NA 344 523 407 NA NA NA NA NA 197 434 15 14 311 x 27 certified value
209 17.8 14.2 127 185 NA 23.0 315 178 142 215 150 NA 146 NA 155 186 201 NA NA NA NA NA 103 17.1 51 15 106 11 certified value
66 225 225 176 223 NA NA NA 234 155 417 NA NA 294 NA NA NA NA 208 107 NA NA NA 230 215 79 11 236  * 16 certified value
95 34.4 33.8 30.2 399 NA NA NA 387 247 NA NA NA 414 NA NA NA 395 365 108 NA NA NA 367 31.6 89 11 338+ 17 certified value

NA=Not Available

DL=Below Detection Limit

below=see below for results prestented individually.




Table 6: Mean organochlorine pesticide and lipid concentrations in SRM 1945 determined by each laboratory (ng/g wet mass and percent (mass fraction), respectively). Notes are given in Appendix E.

Laboratory Geometric Reference

Compound 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Mean 1SD n Value Uncertainty Comment
2,4’-DDT 61.8 948 69.1 88.7 386 116 148 926 NA 138 60.6 <5 107 NA 120 775 98.8 964 NA NA NA NA 551| 86.4 30 16 106 + 14.0 certified value
4,4°-DDT 210 226 141 257 191 402 415 216 243 <=506 110 138 245 196 309 254 209 297 150 40.4 NA NA 132 198 92 20 245 * 15 certified value
2,4’-DDE 117 125 940 147 NA 269 133 131 NA 144 897 <5 161 NA NA NA 85 NA NA NA NA NA 7.97| 124 51 12 1230 + 0.87 certified value
4,4’-DDE 501 465 442 488 543 514 778 530 395 459 348 359 432 306 525 479 462 551 340 247 NA NA 464 446 110 21 450  + 37 certified value
2,4’-DDD 16.8 185 <153 21.7 253  31.0 30.7 158 NA 237 40.8 <5 179 NA NA 306 NA 7.20 NA NA NA NA 120| 206 92 13 18.1 + 28 certified value
4,4°-DDD 115 137 64.4 134 112 seenotes 198 85.2 104 135 71.2 756 140 134 119 96.1 130 142 126 6.17 NA NA 78.7 108 149 20 133 + 10 certified value
HCB 26.1 324 179 272307 344 441 263 216 324 21.1 NA 235 NA 289 239 26.0 28.6 148 NA NA NA 351| 267 6.9 18 329 17 certified value
alpha-HCH 13.1 16.6 16.9 16.2 NA seenotes 20.1 23.0 136 169 9.27 <5 16.2 10.2 11.3 139 159 14.2 7.39 NA NA NA 9.34| 138 41 17 16.2 + 3.4 certified value
beta-HCH <10 6.2 <594 NA NA 182 223 323 1.73 <9.99 2.00 <10 829 9.00 NA 2.66 6.28 1.81 48 NA NA NA 9.95| 4.49 47 13 8.0 + 14 information value
gamma-HCH 36 <10 <1 312 NA 175 348 368 250 26 203 <5 326 NA 219 224 3.61 337 NA NA NA NA 382 337 39 14 33 + 0.81 certified value
Heptachlor Epoxide |10.5 <10 9.70 124 NA 167 151 16.9 832 122 820 <5 15.7 10.6 853 <0.074 NA NA NA NA NA NA 9.08| 114 32 13 10.8 + 13 certified value
Cis-Chlordane 442 46.7 404 569 NA 605 76.7 106.1 43.9 66.5 31.3 37.9 55.3 439 29.8 614 NA NA 256 NA NA NA 356 476 20 17 46.9 + 238 certified value
Trans-Chlordane 10.1 11.0 <41.4 129 NA 273 207 173 145 502 <1 NA 102 NA 178 131 NA NA 6.6 NA NA NA 224| 132 12 13 12.1 + 14 consensus past exercises
Oxychlordane 227201 NA 23.0 NA 229 240 280 166 229 14.4 243 215265 NA 123 NA 222 442 NA NA NA 232| 222 70 16 19.8 + 19 certified value
Cis-Nonachlor 49.3 46.1 325 584 NA seenotes 54.7 68.7 44.8 423 351 36.3 46.6 NA NA 458 NA NA 257 NA NA NA 349 430 11 14 48.7 + 7.6 certified value
Trans-Nonachlor 157 196 170 182 NA 186 297 250 142 215 105 171 186 NA NA 166 NA NA 829 NA NA NA 129 168 53 15 231 + 11 certified value
Dieldrin 53.3 385 <61.9 55.4 NA seenotes 52.6 39.4 46.7 51.0 29.2 519 43.6 37.6 35.0 NA NA NA NA NA NA NA 410/ 519 132 13 375 + 3.9 information value
Mirex 29.7 281 21.3 383 NA 506 309 299 284 36.7 209 <5 285 NA 467 350 NA NA NA NA NA NA 159| 302 10 14 28.9 + 238 certified value
Lipid 709 749 710 735598 736 701 716 66.1 81.0 73.8 734 70.3 NA 71.1 742 75.0 78.1 74.6 91.0 NA 90.7 63.7| 734 73 21 74.3 + 0.45 certified value

NA=Not Available
DL=Below Detection Limit




Table 7: Values (ng/g wet mass) for polybrominated diphenyl ether (BDE) congeners in the exercise materials compared to
published values on SRM 1945. BB is bromobiphenyl.

SRM 1945
Laboratory Consensus Zhu and Hites Kucklick et al.
(2003) (2004)

Compound 2 7 16 18 22 |Mean 1SD Mean 1SD | Mean 1SD
BDE 15 NA NA NA NA  0.0252
BDE 17 DL NA NA NA NA
BDE 28 20.2 NA NA 1.243 1.018
BDE 71 DL NA NA NA NA
BDE 47 44.4 39.2 33.0 35.6 335 [369 4.7 46.6 2.0 52.9 3.8
BDE 66 DL NA NA NA NA
BDE 85 457 NA NA NA NA

BDE 99 17.9 17.9 16.4 16.9 16.0 |17.0 09
BDE 100 135 7.17 8.57 8.73 892 917 24
BDE 153 8.47 6.39 7.54 7.42 8.04 | 754 0.78
BDE 154 23.1 111 10.8 10.7 121 (129 54
BDE 138 DL NA NA NA NA
BDE 183 6.16 NA NA 1.55 1.66
BDE 190 DL NA NA NA NA
BDE 196 NA NA NA NA  0.0939
BDE 197 NA NA NA NA 0.422
BDE 206 NA NA NA NA DL
BDE 207 NA NA NA NA DL
BDE 209 NA NA NA NA DL
BB 153 NA NA NA 3.18 NA

23.0 1.9 32.0 2.3
11.8 0.9 14.0 0.6
10.1 1.0 22.4 15
20.8 3.0 28.2 2.0

PRPRPPPPP®RPOCOURREJRE®O RS

Homogenate VI

Laboratory Consensus
Compound 2 7 16 18 22 |Mean 1SD
BDE 15 NA NA NA NA DL
BDE 17 NA NA NA NA NA
BDE 28 NA NA NA NA NA
BDE 71 NA NA NA NA NA
BDE 47 NA 6.10 4.10 4.48 438 |4.76 0.90
BDE 66 NA NA NA NA NA
BDE 85 NA NA NA NA NA
BDE 99 NA 0973 0.363 0413 0.374 (0.531 0.30

BDE 100 NA 0.294 0329 0.383 0.263 |0.317 0.05
BDE 153 NA 0.655  0.703 1.06 0.774 (0.799 0.18
BDE 154 NA 0.011 <0.15 0.18 0.044
BDE 138 NA NA NA NA NA
BDE 183 NA NA NA 0.273 NA
BDE 190 NA NA NA NA NA
BDE 196 NA NA NA NA NA
BDE 197 NA NA NA NA NA
BDE 206 NA NA NA NA DL
BDE 207 NA NA NA NA DL
BDE 209 NA NA NA NA 0.834
BB 153 NA NA NA 2.98 NA

PP P RPOO0OORrROWABMDMOONMOOOO|S

NA=Not Available
DL=Below Detection Limit



Table 8: Results from the analysis of SRM 1945 for fatty acids. Fatty acids not requested for the exercise
are given in Appendix E.

Compound Laboratory Mean 1SD
A B C D E F A-C only
mg/g wet mg/gwet mg/gwet mg/g wet % of total % of total| mg/gwet mg/g wet
C12:0 1.83 1.21 291 0.464 0.257 0.421 1.98 0.9
C14:0 35.1 21.7 46.3 491 5.11 5.79 34.4 12.3
C15:0 3.42 2.96 4.56 0.511 0.487 0.600 3.65 0.8
C16:0 79.0 335 101 10.5 11.8 115 713 35
C17:0 2.48 1.62 3.47 0.368 0.32 0.37 2.52 0.9
C18:0 14.1 9.6 17.1 1.98 1.92 2.44 13.6 3.8
C20:0 1.29 0.87 1.08 0.257 0.130 NA 1.08 0.2
C16:1(n-7) 64.1 46.6 83.5 8.30 9.19 9.42 64.7 18
C18:1(n-7) 19.8 141 27.4 NA 2.74 4.25 20.4 6.7
C18:1(n-9) 152 153 195 171 22.2 21.3 167 25
C18:1(n-9) 2.60 2.44 1.18 0.15 NA NA 2.07 0.8
C20:1(n-7) NA NA NA NA 0.35 NA NA NA
C20:1(n-9) 51.9 30.5 68.7 5.47 6.97 8.16 50.4 19
C:20:1(n-11) 2.68 25.6 NA NA 4.49 5.32 14.1 16.2
C22:1(n-9) 7.57 4.79 8.70 0.54 0.77 141 7.02 2.0
C22:1(n-11) NA 41.17 NA NA 6.82 7.67 41.2 NA
C24:1(n-9) NA NA 3.05 0.270 0.30 NA 3.05 NA
C18:2(n-6) 8.87 6.21 12.3 1.044 1.18 NA 9.12 3.0
C18:3(n-3) 3.92 6.54 8.08 0.503 0.42 NA 6.18 2.1
C18:3(n-6) 0.211 0.097 0.220 0.044 NA NA 0.18 0.1
C18:4(n-3) 1.84 NA NA NA 0.329 NA 1.84 NA
C20:2(n-6) 2.66 1.50 3.16 NA 0.262 NA 2.44 0.9
C20:3(n-3) 1.81 NA NA 0.228 0.190 NA 1.81 NA
C20:4(n-6) 2.67 NA 3.391 0.607 0.329 NA 3.03 NA
C20:5(n-3) 12.5 125 18.1 2.04 1.67 1.62 14.4 3.2
C22:2(n-6) 0.227 0.138 NA 0.072 NA NA 0.183 0.06
C22:5(n-3) 9.27 8.10 14.2 1.33 1.28 1.74 10.5 33
C22:6(n-3) 41.0 30.9 60.6 5.51 5.19 3.77 44.2 15




Table 9: Results from the analysis of Homogenate VI for fatty acids. Fatty acids not requested for the exercise
are given in Appendix E.

Compound Laboratory Mean 1SD
A B C D E F A-C only
mg/g wet mg/gwet mg/gwet mg/g wet % of total % of total| mg/gwet mg/g wet
C12:0 0.485 0.295 0.767 0.520 0.066 0.061 0.516 0.2
C14:0 18.4 13.6 24.5 3.45 2.63 3.05 18.9 5.5
C15:0 2.24 1.73 3.23 0.482 0.314 0.342 2.40 0.8
C16:0 64.6 37.5 85.4 10.2 9.36 9.47 62.5 24
C17:0 2.47 1.65 3.14 0.275 0.305 0.38 2.42 0.7
C18:0 215 15.2 28.5 2.39 3.11 3.87 21.7 6.7
C20:0 0.940 0.497 1.08 0.235 0.09 NA 0.840 0.3
C16:1(n-7) 93.3 70.5 125 9.68 13.3 12.4 96.4 28
C18:1(n-7) 55.7 