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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road TETRA TECH - Hawaii
Sequim, Washington  98382 METALS IN TISSUES, Dry Weight
(360) 681-4564

(concentrations in µg/g Dry wt. - data are not blank corrected)

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt. Al Sb As Ba Be Cd Cr

Instrument: ICP-OES ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-OES
K0607294-009 2fd 2613-1 Tissue 8/3/06 30.8 1517 0.0527 J 1.46 J 19.5 0.0100 J 0.0292 J 12.4
K0607294-028 NW1fd 2613-2 Tissue 8/5/06 33.1 21.2 0.02 U 25.2 0.620 J 0.005 U 0.155 1.56
K0607294-028DUP NW1fd DUP 2613-2DUP Tissue 8/5/06 33.1 11.3 0.02 U 26.2 0.697 J 0.005 U 0.151 1.41
K0607294-033 NW2fd 2613-3 Tissue 8/19/06 28.8 15.6 0.0259 J 6.17 7.58 0.005 U 0.132 1.49
K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6 337 0.145 109 13.3 0.00559 J 0.265 1.59
K0607294-038DUP NW1SW1-1fd DUP 2613-4DUP Plant 8/9/06 24.6 377 0.145 110 12.8 0.005 U 0.256 1.98
K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1 2711 0.0481 J 29.8 12.5 0.0261 0.147 13.2
K0607294-042DUP 9afd and 10a Comp DUP 2613-5DUP Tissue 8/3/06 27.1 2683 0.0469 J 30.6 11.9 0.0277 0.143 13.5

DETECTION LIMITS
Achieved Method Detection Limit (DRY Wt.) (1) 0.374 0.02 0.585 0.5 0.0048 0.008 0.041
Reporting Limit (RL) 1.2 0.06 2 2 0.015 0.03 0.13

METHOD BLANK
Blank Blank 092506 R1 28.0 0.374 U 0.02 U 0.585 U 0.5 U 0.005 U 0.008 U 0.0468 J
Blank Blank 092506 R2 28.0 0.374 U 0.02 U 0.585 U 0.5 U 0.005 U 0.008 U 0.0570 J

Mean Blank 0.0519 J

Blank Blank 100606 28.0 NA NA NA NA NA NA NA

BLANK SPIKE RESULTS
Blank Blank 092506 R1 28.0 0.374 U 0.02 U 0.585 U 0.5 U 0.005 U 0.008 U 0.0468 J
LCS LCS 092506 L1 28.0 NA 2.06 1.66 J 2.04 1.84 2.07 2.14

Spike Concentration NA 2.0 2.0 2.0 2.0 2.0 2.0
Percent Recovery NA 103% 83% 102% 92% 104% 105%

Blank Blank 092506 R2 28.0 0.374 U 0.02 U 0.585 U 0.5 U 0.005 U 0.008 U 0.0570 J
LCS LCS 092506 L2 28.0 104 25.0 24.0 26.8 24.0 24.8 26.3

Spike Concentration 101 25 25 25 25 25 25
Percent Recovery 103% 100% 96% 107% 96% 99% 105%

MATRIX SPIKE RESULTS
K0607294-038MS 2613-4 MS 446 2.12 125 15.2 1.92 2.14 25.9
K0607294-038MSD 2613-4 MSD 458 2.28 130 15.2 2.02 2.24 25.7

K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6 337 0.145 109 13.3 0.00559 J 0.265 1.59
Spike Concentration, MS 100.4 1.90 24.9 1.90 1.90 1.90 24.9

Spike Concentration, MSD 96.6 2.01 23.9 2.01 2.01 2.01 23.9
Percent Recovery, MS 108% 104% SL 100% 101% 99% 98%

Percent Recovery, MSD 125% 106% SL 95% 100% 98% 101%
RPD 14% 2% NA 6% 1% 0% 3%
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road TETRA TECH - Hawaii
Sequim, Washington  98382 METALS IN TISSUES, Dry Weight
(360) 681-4564

(concentrations in µg/g Dry wt. - data are not blank corrected)

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt. Al Sb As Ba Be Cd Cr

Instrument: ICP-OES ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-OES
MATRIX SPIKE RESULTS (cont.)
K0607294-042MS 2613-5 MS 2337 2.16 50.5 43.2 1.78 2.16 35.5
K0607294-042MSD 2613-5 MSD 2517 2.01 51.9 40.8 1.66 1.99 36.8

K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1 2711 0.0481 J 29.8 12.5 0.0261 0.147 13.2
Spike Concentration, MS 101.2 2.06 25.1 25.1 2.06 2.06 25.1

Spike Concentration, MSD 100.6 1.92 24.9 24.9 1.92 1.92 24.9
Percent Recovery, MS SL 103% 82% 122% 85% 98% 89%

Percent Recovery, MSD SL 102% 89% 114% 85% 96% 95%
RPD NA 0% 7% 7% 0% 2% 6%

REPLICATE ANALYSIS RESULTS
K0607294-028 NW1fd 2613-2 Tissue 8/5/06 33.1 21.2 0.02 U 25.2 0.620 0.005 U 0.155 1.56
K0607294-028DUP NW1fd DUP 2613-2DUP Tissue 8/5/06 33.1 11.3 0.02 U 26.2 0.697 0.005 U 0.151 1.41

Mean 16.3 25.7 0.659 0.153 1.49
RPD 61% & NA 4% 12% NA 3% 10%

K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6 337 0.145 109 13.3 0.00559 J 0.265 1.59
K0607294-038DUP NW1SW1-1fd DUP 2613-4DUP Plant 8/9/06 24.6 377 0.145 110 12.8 0.005 U 0.256 1.98

Mean 357 0.145 110 13.1 0.261 1.79
RPD 11% 0% 1% 4% NA 3% 22%

K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1 2711 0.0481 J 29.8 12.5 0.0261 0.147 13.2
K0607294-042DUP 9afd and 10a Comp DUP 2613-5DUP Tissue 8/3/06 27.1 2683 0.0469 J 30.6 11.9 0.0277 0.143 13.5

Mean 2697 0.0475 30.2 12.2 0.0269 0.145 13.4
RPD 1% 3% 3% 5% 6% 3% 2%

STANDARD REFERENCE MATERIAL
SRM 1566b 1566-b 092506 152 0.010 U 6.42 8.02 0.00663 J 2.48 0.587

Certified Value 197 0.011 7.65 8.6 NC 2.48 NC
PD 23% 5% 16% 7% NA 0% NA

SRM DORM-2 DORM-2 092506 9.42 0.0333 J 16.3 2.22 0.005 U 0.0448 30.9

Certified Value 10.9 NC 18.0 NC NC 0.043 34.7
PD 14% NA 9% NA NA 4% 11%

SRM IAEA 140 IAEA 140 092506 868 0.147 36.7 10.4 0.0355 0.486 9.00

Certified Value NC NC 44.3 NC NC 0.537 10.4
PD NA NA 17% NA NA 9% 13%
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road TETRA TECH - Hawaii
Sequim, Washington  98382 METALS IN TISSUES, Dry Weight
(360) 681-4564

(concentrations in µg/g Dry wt. - data are not blank corrected)

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt. Al Sb As Ba Be Cd Cr

Instrument: ICP-OES ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-OES

U Analyte not detected above the laboratory achieved method detection limit, MDL reported
J Value detected is greater than the MDL, but less than the reporting limit (RL or PQL)

& QC value outside the accuracy or precision criteria goal
     (spike recovery ±25%; SRM  ±25% PD; duplicate precision <25% RSD).

B Blank concentration greater than 3 X MDL and sample concentration less than 10 times detected blank.
RPD Relative Percent Difference

NS Sample was not spiked for this analyte
SL Inappropriate spike level relative to the native sample concentration
PD Percent Difference
NC Not Certified
NA Not Applicable/appropriate

(1) Detection limits converted between dry weight and wet weight using mean percent dry wt.
(2) Achieved Detection limits reported from the 2006 Tissue MDL Study
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road
Sequim, Washington  98382
(360) 681-4564

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt.

Instrument:
K0607294-009 2fd 2613-1 Tissue 8/3/06 30.8
K0607294-028 NW1fd 2613-2 Tissue 8/5/06 33.1
K0607294-028DUP NW1fd DUP 2613-2DUP Tissue 8/5/06 33.1
K0607294-033 NW2fd 2613-3 Tissue 8/19/06 28.8
K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6
K0607294-038DUP NW1SW1-1fd DUP 2613-4DUP Plant 8/9/06 24.6
K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1
K0607294-042DUP 9afd and 10a Comp DUP 2613-5DUP Tissue 8/3/06 27.1

DETECTION LIMITS
Achieved Method Detection Limit (DRY Wt.) (1)

Reporting Limit (RL)

METHOD BLANK
Blank Blank 092506 R1 28.0
Blank Blank 092506 R2 28.0

Mean Blank

Blank Blank 100606 28.0

BLANK SPIKE RESULTS
Blank Blank 092506 R1 28.0
LCS LCS 092506 L1 28.0

Spike Concentration
Percent Recovery

Blank Blank 092506 R2 28.0
LCS LCS 092506 L2 28.0

Spike Concentration
Percent Recovery

MATRIX SPIKE RESULTS
K0607294-038MS 2613-4 MS
K0607294-038MSD 2613-4 MSD
K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6

Spike Concentration, MS
Spike Concentration, MSD

Percent Recovery, MS
Percent Recovery, MSD

RPD

TETRA TECH - Hawaii
METALS IN TISSUES, Dry Weight

(concentrations in µg/g Dry wt. - data are not blank corrected)

Co Cu Fe Pb Mn Se Ag
ICP-MS ICP-MS ICP-OES ICP-MS ICP-MS FIAS ICP-MS

2.58 17.3 2818 1.31 125 2.14 0.0546
0.133 3.32 71.5 0.146 2.23 1.19 0.0132 J
0.145 3.45 68.5 0.178 2.78 1.20 0.0135 J
0.133 2.95 80.5 2.24 6.27 0.879 0.01 U
0.791 2.34 459 0.967 10.1 0.0743 0.0601
0.803 2.44 537 0.985 10.5 0.0686 0.0622

2.23 67.8 3460 2.61 150 2.83 0.610
2.13 67.5 3463 2.52 145 2.85 0.603

0.0014 0.08 1.4 0.02 0.02 0.0109 0.01
0.0045 0.3 4 0.06 0.06 0.035 0.03

0.0014 U 0.08 U 1.6 U 0.2 U 0.2 U 0.0109 U 0.01 U
0.0014 U 0.08 U 1.6 U 0.2 U 0.2 U 0.0109 U 0.01 U

NA NA NA NA NA 0.0134 J NA

0.0014 U 0.08 U 1.6 U 0.2 U 0.2 U 0.0109 U 0.01 U
2.1 2.09 NA 2.03 2.37 1.84 1.97

2.0 2.0 NA 2.0 2.0 2.0 2.0
105% 105% NA 102% 119% 92% 99%

0.0014 U 0.08 U 1.6 U 0.2 U 0.2 U 0.0109 U 0.01 U
26.4 26.0 26.2 25.5 26.4 NA 25.5

25 25 25 25 25 NA 25
106% 104% 105% 102% 106% NA 102%

25.9 4.09 485 26.0 34.3 1.82 1.71
25.7 4.56 517 25.3 36.0 1.72 1.83

0.791 2.34 459 0.967 10.1 0.0743 0.0601
24.9 1.90 24.9 24.9 24.9 1.90 1.90
23.9 2.01 23.9 23.9 23.9 2.01 2.01

101% 92% SL 101% 97% 92% 87%
104% 110% SL 102% 108% 82% 88%

3% 18% NA 1% 11% 12% 1%
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road
Sequim, Washington  98382
(360) 681-4564

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt.

Instrument:
MATRIX SPIKE RESULTS (cont.)
K0607294-042MS 2613-5 MS
K0607294-042MSD 2613-5 MSD
K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1

Spike Concentration, MS
Spike Concentration, MSD

Percent Recovery, MS
Percent Recovery, MSD

RPD
REPLICATE ANALYSIS RESULTS
K0607294-028 NW1fd 2613-2 Tissue 8/5/06 33.1
K0607294-028DUP NW1fd DUP 2613-2DUP Tissue 8/5/06 33.1

Mean
RPD

K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6
K0607294-038DUP NW1SW1-1fd DUP 2613-4DUP Plant 8/9/06 24.6

Mean
RPD

K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1
K0607294-042DUP 9afd and 10a Comp DUP 2613-5DUP Tissue 8/3/06 27.1

Mean
RPD

STANDARD REFERENCE MATERIAL
SRM 1566b 1566-b 092506

Certified Value
PD

SRM DORM-2 DORM-2 092506

Certified Value
PD

SRM IAEA 140 IAEA 140 092506

Certified Value
PD

TETRA TECH - Hawaii
METALS IN TISSUES, Dry Weight

(concentrations in µg/g Dry wt. - data are not blank corrected)

Co Cu Fe Pb Mn Se Ag
ICP-MS ICP-MS ICP-OES ICP-MS ICP-MS FIAS ICP-MS

26.5 89.6 D 2870 28.2 161 4.44 25.1
26.6 93.9 D 3121 27.9 168 4.30 25.1
2.23 67.8 3460 2.61 150 2.83 0.610
25.1 25.1 25.1 25.1 25.1 2.06 25.1
24.9 24.9 24.9 24.9 24.9 1.92 24.9

97% 87% SL 102% SL 78% 98%
98% 105% SL 102% SL 77% 98%
1% 19% NA 0% NA 2% 1%

0.133 3.32 71.5 0.146 2.23 1.19 0.0132 J
0.145 3.45 68.5 0.178 2.78 1.20 0.0135 J
0.139 3.39 70.0 0.162 2.51 1.20 0.0134

9% 4% 4% 20% 22% 1% 2%

0.791 2.34 459 0.967 10.1 0.0743 0.0601
0.803 2.44 537 0.985 10.5 0.0686 0.0622
0.797 2.39 498 0.976 10.3 0.0715 0.0612

2% 4% 16% 2% 4% 8% 3%

2.23 67.8 3460 2.61 150 2.83 0.610
2.13 67.5 3463 2.52 145 2.85 0.603
2.18 67.7 3461 2.57 148 2.84 0.607
5% 0% 0% 4% 3% 1% 1%

0.345 68.6 201 0.285 18.1 2.01 0.620

0.371 71.6 205.8 0.308 18.5 2.06 0.666
7% 4% 2% 7% 2% 2% 7%

0.172 2.12 141 0.0608 3.66 1.26 0.0372

0.182 2.34 142 0.065 3.7 1.40 0.041
5% 9% 1% 6% 0% 10% 9%

0.864 4.22 1157 2.61 55.8 0.0829 0.0760

0.876 5.05 1256 2.19 56.1 NC NC
1% 16% 8% 19% 1% NA NA
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road
Sequim, Washington  98382
(360) 681-4564

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt.

Instrument:

U Analyte not detected above the laboratory achieved method detection limit, MD
J Value detected is greater than the MDL, but less than the reporting limit (RL or

& QC value outside the accuracy or precision criteria goal
     (spike recovery ±25%; SRM  ±25% PD; duplicate precision <25% RSD).

B Blank concentration greater than 3 X MDL and sample concentration less than 
RPD Relative Percent Difference

NS Sample was not spiked for this analyte
SL Inappropriate spike level relative to the native sample concentration
PD Percent Difference
NC Not Certified
NA Not Applicable/appropriate

(1) Detection limits converted between dry weight and wet weight using mean perc
(2) Achieved Detection limits reported from the 2006 Tissue MDL Study

TETRA TECH - Hawaii
METALS IN TISSUES, Dry Weight

(concentrations in µg/g Dry wt. - data are not blank corrected)

Co Cu Fe Pb Mn Se Ag
ICP-MS ICP-MS ICP-OES ICP-MS ICP-MS FIAS ICP-MS
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road
Sequim, Washington  98382
(360) 681-4564

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt.

Instrument:
K0607294-009 2fd 2613-1 Tissue 8/3/06 30.8
K0607294-028 NW1fd 2613-2 Tissue 8/5/06 33.1
K0607294-028DUP NW1fd DUP 2613-2DUP Tissue 8/5/06 33.1
K0607294-033 NW2fd 2613-3 Tissue 8/19/06 28.8
K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6
K0607294-038DUP NW1SW1-1fd DUP 2613-4DUP Plant 8/9/06 24.6
K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1
K0607294-042DUP 9afd and 10a Comp DUP 2613-5DUP Tissue 8/3/06 27.1

DETECTION LIMITS
Achieved Method Detection Limit (DRY Wt.) (1)

Reporting Limit (RL)

METHOD BLANK
Blank Blank 092506 R1 28.0
Blank Blank 092506 R2 28.0

Mean Blank

Blank Blank 100606 28.0

BLANK SPIKE RESULTS
Blank Blank 092506 R1 28.0
LCS LCS 092506 L1 28.0

Spike Concentration
Percent Recovery

Blank Blank 092506 R2 28.0
LCS LCS 092506 L2 28.0

Spike Concentration
Percent Recovery

MATRIX SPIKE RESULTS
K0607294-038MS 2613-4 MS
K0607294-038MSD 2613-4 MSD
K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6

Spike Concentration, MS
Spike Concentration, MSD

Percent Recovery, MS
Percent Recovery, MSD

RPD

TETRA TECH - Hawaii
METALS IN TISSUES, Dry Weight

(concentrations in µg/g Dry wt. - data are not blank corrected)

Tl V Zn Total Hg
ICP-MS ICP-OES ICP-OES CVAA
0.00325 J 10.3 104 0.0581

0.003 U 0.106 54.2 0.0978
0.003 U 0.107 57.2 0.0918

0.0126 0.312 73.0 0.0285 J
0.0268 4.42 12.1 0.00958 U
0.0262 5.22 12.6 0.00958 U

0.00586 J 12.9 201 0.0922
0.00536 J 12.8 196 0.0896

0.003 0.011 0.5 0.00958
0.01 0.035 2 0.03

0.003 U 0.011 U 0.5 U 0.00958 U
0.003 U 0.011 U 0.5 U 0.00958 U

NA NA NA NA

0.003 U 0.011 U 0.5 U 0.00958 U
2.09 2.06 2.11 2.13

2.0 2.0 2.0 2.0
105% 103% 105% 107%

0.003 U 0.011 U 0.5 U 0.00958 U
25.5 25.7 103 NA

25 25 101 NA
102% 103% 102% NA

2.08 28.9 118 2.04
2.24 28.6 117 2.06

0.0268 4.42 12.1 0.00958 U
1.90 24.9 100.4 1.90
2.01 23.9 96.6 2.01

108% 99% 106% 108%
110% 101% 108% 102%

2% 3% 3% 5%
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road
Sequim, Washington  98382
(360) 681-4564

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt.

Instrument:
MATRIX SPIKE RESULTS (cont.)
K0607294-042MS 2613-5 MS
K0607294-042MSD 2613-5 MSD
K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1

Spike Concentration, MS
Spike Concentration, MSD

Percent Recovery, MS
Percent Recovery, MSD

RPD
REPLICATE ANALYSIS RESULTS
K0607294-028 NW1fd 2613-2 Tissue 8/5/06 33.1
K0607294-028DUP NW1fd DUP 2613-2DUP Tissue 8/5/06 33.1

Mean
RPD

K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6
K0607294-038DUP NW1SW1-1fd DUP 2613-4DUP Plant 8/9/06 24.6

Mean
RPD

K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1
K0607294-042DUP 9afd and 10a Comp DUP 2613-5DUP Tissue 8/3/06 27.1

Mean
RPD

STANDARD REFERENCE MATERIAL
SRM 1566b 1566-b 092506

Certified Value
PD

SRM DORM-2 DORM-2 092506

Certified Value
PD

SRM IAEA 140 IAEA 140 092506

Certified Value
PD

TETRA TECH - Hawaii
METALS IN TISSUES, Dry Weight

(concentrations in µg/g Dry wt. - data are not blank corrected)

Tl V Zn Total Hg
ICP-MS ICP-OES ICP-OES CVAA

2.23 38.2 299 2.26
2.08 38.5 310 2.09

0.00586 J 12.9 201 0.0922
2.06 25.1 101.2 2.06
1.92 24.9 100.6 1.92

108% 101% 97% 105%
108% 103% 108% 104%

0% 2% 11% 1%

0.003 U 0.106 54.2 0.0978
0.003 U 0.107 57.2 0.0918

0.107 55.7 0.0948
NA 1% 5% 6%

0.0268 4.42 12.1 0.00958 U
0.0262 5.22 12.6 0.00958 U
0.0265 4.82 12.3

2% 17% 4% NA

0.00586 J 12.9 201 0.0922
0.00536 J 12.8 196 0.0896
0.00561 12.8 199 0.0909

9% 1% 3% 3%

0.00543 J 0.527 1462 0.0402

NC 0.577 1424 0.0371
NA 9% 3% 8%

0.00529 J 0.107 28.9 4.57

NC NC 25.6 4.64
NA NA 13% 2%

0.0187 3.72 46.3 0.0374

NC 3.67 47.3 0.038
NA 1% 2% 2%
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road
Sequim, Washington  98382
(360) 681-4564

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt.

Instrument:

U Analyte not detected above the laboratory achieved method detection limit, MD
J Value detected is greater than the MDL, but less than the reporting limit (RL or

& QC value outside the accuracy or precision criteria goal
     (spike recovery ±25%; SRM  ±25% PD; duplicate precision <25% RSD).

B Blank concentration greater than 3 X MDL and sample concentration less than 
RPD Relative Percent Difference

NS Sample was not spiked for this analyte
SL Inappropriate spike level relative to the native sample concentration
PD Percent Difference
NC Not Certified
NA Not Applicable/appropriate

(1) Detection limits converted between dry weight and wet weight using mean perc
(2) Achieved Detection limits reported from the 2006 Tissue MDL Study

TETRA TECH - Hawaii
METALS IN TISSUES, Dry Weight

(concentrations in µg/g Dry wt. - data are not blank corrected)

Tl V Zn Total Hg
ICP-MS ICP-OES ICP-OES CVAA
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road TETRA TECH - Hawaii
Sequim, Washington  98382 METALS IN TISSUES
(360) 681-4564 (data are not blank corrected)

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt.

Percent 
Lipids (%)

Methylmercury 
(ug/g DRY WT)

Instrument: CVAF
K0607294-009 2fd 2613-1 Tissue 8/3/06 30.8 16.0 0.0544
K0607294-028 NW1fd 2613-2 Tissue 8/5/06 33.1 21.3 0.200
K0607294-028DUP NW1fd 2613-2DUP Tissue 8/5/06 33.1 22.8 NA
K0607294-033 NW2fd 2613-3 Tissue 8/19/06 28.8 9.09 0.0491
K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6 NA 0.00129 U
K0607294-038DUP NW1SW1-1fd DUP 2613-4DUP Plant 8/9/06 24.6 NA 0.00129 U
K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1 13.9 0.0618
K0607294-042DUP 9afd and 10a Comp DUP 2613-5DUP Tissue 8/3/06 27.1 NA 0.0633

DETECTION LIMITS
Achieved Detection Limit Mean Dry Wt. 28.0 0.1 0.00129
Achieved Reporting Limit 0.3 0.00410

METHOD BLANK
Blank Blank 092506 R1 28.0 0.14 J 0.00129 U
Blank Blank 092506 R2 28.0 NA 0.00129 U
Blank Blank 092506 R3 28.0 NA 0.00129 U

MATRIX SPIKE RESULTS
K0607294-033MS 2613-3 MS 2.13
K0607294-033MSD 2613-3 MSD 2.11
K0607294-033 NW2fd 2613-3 Tissue 8/19/06 28.8 9.09 0.0491

Spike Concentration, MS 2.00
Spike Concentration, MSD 1.99

Percent Recovery, MS 104%
Percent Recovery, MSD 103%

RPD 1%

K0607294-038MS 2613-4 MS 0.200
K0607294-038MSD 2613-4 MSD 0.213
K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6 NA 0.00129 U

Spike Concentration, MS 0.200
Spike Concentration, MSD 0.201

Percent Recovery, MS 100%
Percent Recovery, MSD 106%

RPD 6%
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BATTELLE MARINE SCIENCES LABORATORY
1529 West Sequim Bay Road TETRA TECH - Hawaii
Sequim, Washington  98382 METALS IN TISSUES
(360) 681-4564 (data are not blank corrected)

Client Code Field Sample ID MSL Code Matrix
Collection 

Date
Percent 
Dry Wt.

Percent 
Lipids (%)

Methylmercury 
(ug/g DRY WT)

Instrument: CVAF
REPLICATE ANALYSIS RESULTS
K0607294-028 NW1fd 2613-2 Tissue 8/5/06 33.1 21.3 0.200
K0607294-028DUP NW1fd 2613-2DUP Tissue 8/5/06 33.1 22.8 NA

Mean 22.1
RPD 7% NA

K0607294-038 NW1SW1-1fd 2613-4 Plant 8/9/06 24.6 NA 0.00129 U
K0607294-038DUP NW1SW1-1fd DUP 2613-4DUP Plant 8/9/06 24.6 NA 0.00129 U

Mean 0.00129 U
RPD NA

K0607294-042 9afd and 10a Comp 2613-5 Tissue 8/3/06 27.1 13.9 0.0618
K0607294-042DUP 9afd and 10a Comp DUP 2613-5DUP Tissue 8/3/06 27.1 NA 0.0633

Mean 0.0626
RPD 2%

STANDARD REFERENCE MATERIAL
SRM Dolt-2 DOLT-2 092506 0.693

Certified Value 0.693
PD 0%

SRM IAEA 140 IAEA 140 092506 0.000795

Certified Value 0.000626
PD 27% &

U Analyte not detected above the laboratory achieved method detection limit, MDL reported
J Value detected is greater than the MDL, but less than the reporting limit (RL or PQL)

& QC value outside the accuracy or precision criteria goal
     (spike recovery ±25%; SRM  ±25% PD; duplicate precision <25% RPD).

B Blank concentration greater than 3 X MDL and sample concentration less than 10 times detected blank.
RPD Relative Percent Difference

NS Sample was not spiked for this analyte
PD Percent Difference

Page 2 of 2
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QA/QC NARRATIVE 

USACE HI Total Metals  Page 1 of 4  

PROJECT: USACE Hawaii 

PARAMETER: Total Metals – Al, Sb, As, Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Se, Ag, Tl, V, Zn, THg 

LABORATORY: Battelle Marine Sciences Laboratory (MSL), Sequim, Washington 

MATRIX: Fish Tissue and Seaweed 
SAMPLE CUSTODY 
AND PROCESSING: 

Battelle received four fish tissue samples and one seaweed sample on 09/21/06.  The 
samples were received in good condition (i.e. cooler temperature acceptable and 
containers intact). Samples were assigned a Battelle Central File (CF) identification 
number 2613 and sample information was entered into Battelle’s sample tracking 
system.  
 
The following lists information on sample receipt and processing activities: 

 
Sample Receipt Date: 09/21/06 

Sample IDs: 2613*1-3,5 (Fish) 
2613*4 (Seaweed) 

Collection dates: August 2006 

Cooler temp. on arrival: -3.4°C 

Digestion Date (Aqua Regia) 09/25/06 

CVAA analysis:  (Total Hg) 09/29/06 

HG-AAS analysis:  (Se) 10/06/06 and 10/09/06 

ICP-OES analysis:  (Al, Cr, Fe, V, Zn) 10/06/06 

ICP-MS analysis:   
(Sb, As, Ba, Be, Cd, Co, Cu, Pb, Mn, Se, Ag, Tl, V) 10/04/06 and 10/05/06 

 
METHODS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The samples were analyzed for 18 metals including:  aluminum (Al), antimony (Sb), 
arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd), chromium (Cr), cobalt (Co), 
copper (Cu), iron (Fe), lead (Pb), manganese (Mn), selenium (Se), silver (Ag), thallium 
(Tl), vanadium (V), zinc (Zn), and total mercury (THg).   
 
Samples were freeze-dried and homogenized using a ball-mill prior to digestion 
according to Battelle SOP MSL-C-003, Percent Dry Weight and Homogenizing Dry 
Sediment, Soil and Tissue.  Tissue samples were digested according to Battelle SOP 
MSL-I-024, Mixed Acid Tissue Digestion. An approximately 500-mg aliquot of each 
dried, homogeneous sample was combined with nitric and hydrochloric acids (aqua 
regia) in a Teflon vessel and heated in an oven at 130ºC (±10ºC) for a minimum of eight 
hours. After heating and cooling, deionized water was added to the acid-digested tissue 
to achieve analysis volume and the digestates were submitted for analysis by four 
methods. 

 
Digested samples were analyzed for THg by cold-vapor atomic absorption spectroscopy 
(CVAA) according to Battelle SOP MSL-I-016, Total Mercury in Tissues and 
Sediments by Cold Vapor Atomic Absorption, which is based on EPA Method 245.6, 
Determination of Mercury in Tissue by Cold Vapor Atomic Absorption Spectrometry.   
 
Digested samples were analyzed for Se using hydride generation flow injection atomic 
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QA/QC NARRATIVE 

USACE HI Total Metals  Page 2 of 4  

METHODS cont. absorption spectroscopy (HG-AAS) according to Battelle SOP MSL-I-030, 
Determination of Metals in Aqueous and Digestate Samples by Hydride Generation 
Atomic Absorption Flow Injection Spectroscopy (HGAA-FIAS).  The base method for 
this procedure is EPA Method 270.3. 
 
Digested samples were analyzed for Cr, Al, Fe, and Zn using inductively coupled 
plasma optical emissions spectroscopy (ICP-OES) according to Battelle SOP MSL-I-
033, Determination of Elements in Aqueous and Digestate Samples by ICP-OES.  This 
procedure is based on two methods modified and adapted for analysis of low-level 
samples: EPA Method 6010B and 200.7. 
 
Digested samples were analyzed for all other metals using inductively coupled plasma-
mass spectrometry (ICP-MS) according to Battelle SOP MSL-I-022, Determination of 
Elements in Aqueous and Digestate Samples by ICP/MS.  This procedure is based on 
two methods modified and adapted for analysis of solid sample digestates: EPA Method 
1638, Determination of Trace Elements in Ambient Waters by Inductively Coupled 
Plasma-Mass Spectrometry and EPA Method 200.8, Determination of Trace Elements in 
Water and Wastes by ICP-MS. 
 
All results are reported in units of µg/g dry weight.  Reported results are NOT BLANK 
CORRECTED.   
 

HOLDING TIMES: The recommended holding times for metals analyses is one year frozen.  The 
recommended holding times were achieved for all metals. 
 

DETECTION LIMITS 
and DATA 
QUALIFIERS: 

Analytical results were reported to the laboratory achieved detection limit (MDL) from 
the Annual MDL study determined following 40 CFR Part 136 Appendix B.  The MDL 
was determined using seven replicates of clean tissue process through the entire 
preparation and analytical procedure.  Laboratory reporting limits (RL) are determined 
by multiplying the MDL by 3.14 to determine a statistical reporting limit.   
 
Data were evaluated and flagged in accordance with the following criteria: 
 
U    Analyte not detected above the laboratory achieved detection limit, MDL reported 
J     Analyte detected above the MDL, but less than the reporting limit 
&    QC value outside the accuracy or precision criteria goal 
B    Blank concentration greater than 3 times the MDL and sample concentration < 10 
times the detected blank 
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QA/QC METHOD QUALITY CRITERIA (MQC): 
     MDL 
 
Analyte 

Analytical 
Method 

Range of 
Recovery 

SRM 
Accuracy 

Relative 
Precision 

(µg/g dry 
wt.) 

RL 
(µg/g dry wt.) 

Al ICP-OES 75-125% ≤25% ≤25% 0.374 1.2 
Sb ICP-MS 75-125% ≤25% ≤25% 0.02 0.06 
As ICP-MS 75-125% ≤25% ≤25% 0.585 2 
Ba ICP-MS 75-125% ≤25% ≤25% 0.5 2 
Be ICP-MS 75-125% ≤25% ≤25% 0.0048 0.015 
Cd ICP-MS 75-125% ≤25% ≤25% 0.008 0.03 
Cr ICP-OES 75-125% ≤25% ≤25% 0.041 0.13 
Co ICP-MS 75-125% ≤25% ≤25% 0.0014 0.0045 
Cu ICP-MS 75-125% ≤25% ≤25% 0.08 0.3 
Fe ICP-OES 75-125% ≤25% ≤25% 1.4 4 
Pb ICP-MS 75-125% ≤25% ≤25% 0.02 0.06 
Mn ICP-MS 75-125% ≤25% ≤25% 0.02 0.06 
Se HG-AAS 75-125% ≤25% ≤25% 0.0109 0.035 
Ag ICP-MS 75-125% ≤25% ≤25% 0.01 0.03 
Tl ICP-MS 75-125% ≤25% ≤25% 0.003 0.01 
V ICP-OES 75-125% ≤25% ≤25% 0.011 0.035 
Zn ICP-OES 75-125% ≤25% ≤25% 0.5 2 
Hg CVAA 75-125% ≤25% ≤25% 0.00958 0.03 
 
METHOD BLANKS: Two method blanks were analyzed with the tissue and seaweed sample batch.  The 

blank concentrations were less than the RL for all metals; therefore, no further action is 
required.  Data are not blank corrected.     
 

LABORATORY 
CONTROL 
SAMPLE/BLANK 
SPIKE ACCURACY: 
 

Two laboratory control samples (LCS) were analyzed with this batch of samples.  The 
LCS samples were spiked at the low range (2 ppm) and the high range (25 ppm) for all 
metals except Al, Fe, Se, and Hg.  The low range is not appropriate for Al and Fe and 
the high range is not appropriate for Se and Hg.  LCS recoveries were within the QC 
acceptance criterion of 75% to 125% for all metals.     
 

MATRIX SPIKE 
ACCURACY: 

One tissue sample and one seaweed sample were selected for a matrix spike and matrix 
spike duplicate (MS/MSD).  The MS recoveries were within the QC criterion of 75% to 
125% recovery for all metals spiked at an appropriate level relative to the native sample 
concentration.  The tissue sample concentration was significantly higher than a majority 
of whole fish tissue and therefore underspiked for Al, Fe, and Mn.  The seaweed sample 
concentration was significantly higher than anticipated for selected metals and therefore 
underspiked for As and Fe.  Acceptable accuracy was demonstrated by multiple SRMs 
both tissue and plant material and LCS samples for these metals.  
 

REPLICATE 
PRECISION: 

Precision for this digestion batch was assessed by the analysis of laboratory duplicates 
(a split of the sample carried through the entire sample preparation and analysis 
process) and duplicate matrix spikes.  Precision was expressed as the relative percent 
difference (RPD) of replicate results.  Precision was evaluated for both the tissue and 
seaweed matrices.  The RPD values were within the QC criterion of ≤25% for all 
detected metals except one fish tissue replicate for Al (61%).  Acceptable precision was 
demonstrated on the alternate measure of precision for Al.   
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STANDARD 
REFERENCE 
MATERIAL 
ACCURACY: 
 
 

SRM accuracy was expressed as the percent recovery between the measured and 
certified value for each SRM.  Recovery of a particular analyte exceeded QC criteria if 
the percent recovery was outside the range of 75% to 125% recovery.   
 
Tissue SRMs certified at an acceptable levels for Be and Tl were not available in 
appropriate matrices for this set of samples.  Certified high purity standards were used 
to verify instrument calibration accuracy.  An independent standard lot number was 
used to verify analytical accuracy. 
   
SRM 1566b Oyster Tissue was analyzed with this digestion batch.  The percent 
recoveries were within the QC acceptance criterion for all certified metals.  SRM 1566b 
provides a reference value for Sb.  The percent recovery is provided for information 
purposes.   
 
SRM DORM-2 Dogfish Muscle was analyzed with this digestion batch.  The percent 
recoveries were within the QC acceptance criterion for all certified metals.       
 
SRM IAEA 140 FUCUS was analyzed with this digestion batch.  The percent 
recoveries were within the QC acceptance criterion for all certified metals. 
 

Analytical Note: Selected tissue sample concentrations for Al, Fe, and Mn were significantly higher than 
a majority of whole fish tissues analyzed previously.  This could indicate a problem 
with contamination in the preparation step.  If a metal blade made of any metal except 
titanium was used in the homogenization process, these metals could have been 
introduced to the sample during homogenization.   
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PROJECT: USACE Hawaii  
PARAMETER: Methyl Mercury and Lipids 
LABORATORY: Battelle/Marine Sciences Laboratory, Sequim, Washington  
MATRIX: Tissue and seaweed 
 
SAMPLE CUSTODY: 

 
Battelle received four tissue samples and one seaweed sample on 
09/21/06.  The samples were received in good condition (i.e. cooler 
temperature acceptable and containers intact). Samples were assigned 
a Battelle Central File (CF) identification number 2613 and sample 
information was entered into Battelle’s sample tracking system. 
 
The following lists information on sample receipt and processing. 

 
Sample Receipt Date: 09/21/06 

Sample IDs: 2613*1-3,5 (tissue) and  
2613*4 (seaweed) 

Collection dates: August 2006 

Cooler temp. on arrival: -3.4°C 

Lipids Analysis Date 10/03/06 and 10/06/06 

Methyl Hg Extraction Date 9/25/06 

Methyl Hg Analysis Date 9/28/06 

 
QA/QC DATA QUALITY OBJECTIVES: 
 
 
 

Analyte 
 

 
 

Analytical  
Method 

 
 

Range of 
Recovery 

 
 

Relative 
Precision 

 
Achieved 

Detection Limit 
(µg/g dry Wt.) 

% Lipids Bligh-Dyer, 1959 NA ±25% 0.1% 
Methylmercury CVAF (EPA 1630) 65-135% ±35% 0.00129 
 
ANALYTICAL NOTE: The first % lipids extraction of sample NW2fd yielded a value of 9%, 

which did not agree with other fish samples.  The sample was extracted 
a second time with a value of 9%.  Therefore, the value has been 
confirmed.   
 

HOLDING TIMES: The suggested holding time for methyl mercury in tissue following EPA 
draft Method 1630 is six months frozen.  All samples were archived 
frozen until analysis.  Following these guidelines, holding times were 
achieved for all samples. 
 

DETECTION LIMITS: Analytical results were reported to the laboratory achieved detection 
limit (MDL) from the Annual MDL study determined following CFR 40 
Part 136 Appendix B.  The MDL was determined using seven replicates 
of clean tissue.   
 
Data were evaluated and flagged in accordance with the following 
criteria: 
U     Analyte not detected above the laboratory achieved detection limit, 

MDL reported 
J     Analyte detected above the MDL, but less than the reporting limit 
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