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APPENDIX  A 
Pictures of Experimental Setup and Procedures 



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 

Figure 1.  Flow-through troughs utilized for exposure
Hatchery A) introduction of bivalve sleeves from tran
of Corbicula fluminea sleeve in control mesocosm  C
mesocosm   
B

A

C

 regime at Mammoth Springs National Fish 
sport coolers into mesocosms  B) placement 
) placement of Elliptio complanata sleeve into 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  A)  flow through water source used for renewal
netting placed in mesocosm on sediment surface C)  medi
D)  control and low sediment metal exposures.   
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Introduction 
This report is in response by a request by the 
Environmental Protection Agency (EPA) under the 
advisory direction of the National Oceanic and 
Atmospheric Association (NOAA) to conduct a 
study to compare the bio-accumulation of metals 
between the Asian clam, Corbicula fluminea and the 
eastern elliptio, Elliptio complanata.  Elliptio 
complanata will potentially replace C. fluminea for a 
third bio-monitoring event in the St. Mary’s River 
in Sault Ste. Marie.  Tannery Bay, within the St. 
Mary’s river, was contaminated with metals from 
Cannelton Industries. 

Background 
As an amendment to the 1992 Record of Decision 
(ROD), caged bivalve biomonitoring was required 
for the Cannelton site to verify effectiveness of 
remediation (Sprenger and Kracko, 1992).  In 1997 
and 2000, Corbicula fluminea was used for a 55-day 
in situ deployment study to assess the bio-
accumulation of the contaminated sediments 
(Applied Biomonitoring and HydroQual, Inc. 
2002).   

Corbicula fluminea, a species introduced into North 
America, is found widely throughout the southern 
United States and has only been recorded in 
Michigan from approximately 1993.  Distribution 
in northern climates is thought to be temperature 
limited.  Since it has not been introduced into the 
St. Mary’s River at Tannery Bay, the Michigan 
Department of Natural Resources became 
concerned over the use of this species in this area.  
Corbicula fluminea is known to biofoul uptake 
pipes.  Because the potential introduction of C. 
fluminea into Tannery Bay could cause biofouling 
in the area, a decision was made by the 
Department of Natural Resources to not permit 
the use of C. fluminea in 2004, and to encourage the 
use of native species instead. 

Elliptio complanata is a native mussel within the 
family Unionidae that is found in northern 
Michigan and the east coast of the United States.  
Because of its availability and use in previous 
studies (e. g. Campbell and Evens, 1991; Curry, 
1977; Day et al. 1990), its use for in situ studies at 
the Cannelton site is being considered.  
Furthermore, its native status reduces the risk of 
introduction of a non-native species. 

In 1986, the zebra mussel, Dreissena polymorpha, 
was found in Lake St. Clair, in Michigan.  Likely 
introduced via ballast water, the spread of the 
zebra mussel is of concern because of economic 
and biological implications.  The zebra mussels 
settle on native unionids, and can be introduced 
into other waters via native mussels.  Techniques 
to avoid the introduction of zebra mussels have 
been evaluated (Cope et al. 2002). 

The primary objective of this study was to 
compare bio-uptake of Corbicula fluminea with 
Elliptio complanata to see if E. complanata could be 
used for future in-situ investigations.  This was 
done by conducting a correlation study using 
sediments of three different concentrations (low, 
medium and high) from Tannery Bay.  Arkansas 
State University took the lead to deploy and 
monitor mussels in the four different sediment 
treatments—three levels of contaminant 
concentrations, and one control treatment.  NOAA 
and Ridolfi coordinated collection and shipment of 
the sediments to ASU.  CDM’s role was 1) to 
oversee collection of E. complanata from Balsam 
Lake, Ontario, Canada, and 2) to check for any 
zebra mussel infestations on mussels in Balsam 
Lake, 3) to pack and ship mussels to Arkansas 
State University, and 4) to observe and assist with 
the correlation investigations for this study. 
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Figure 2.  Divers on Balsam Lake 

 
Mussel collection 
Four-hundred Elliptio complanata were collected 
from Balsam Lake, Ontario, Canada on June 30, 
2004.  The mussels were taken from the water at 
approximately 25 feet off the dock of the Balsam 
Resort, located off Highway 35 (Figure 1).  
Volunteer divers from the Scarborough Diver 
Club, coordinated by Dan Johnson of Phelps-
Dodge collected the mussels (Figures 2 and 3).  
Mussels collected were to be between 47 to 65 mm 
in length.  Hand-held calipers were used to 
measure each mussel collected.  Several mussels 
showed wear on the umbo (the upper portion of 
the shell), so mussels with minimal wear in this 
area were selected for shipment.  The average size 
of the mussels collected was 52.8 mm. 

Figure 3.  Mussels in Balsam Lake.  Arrows point to 
mussels in the substrate. 

 
Evaluation of potential zebra mussel 
infestation 
Balsam Lake is part of the Trent-Severn Waterway 
and is connected to waters of the Great Lakes that 
are infested with zebra mussels.  To the east the 
waterways are connected to the Bay of Quinte on 
Lake Ontario and to the west it is connected to the 
Georgian Bay on Lake Huron.  In addition, local 
mussel experts in Ontario reported zebra mussel 
infestations in Balsam Lake (Janet Metcalfe-Smith, 
Environment Canada, personal communication).  
Because of the potential for zebra mussel 
infestation, mussels taken from Balsam Lake were 
inspected for juvenile zebra mussels settling on the 
shells.  In addition, five areas of fixed structures 
such as docks and boulders were inspected for 
zebra mussel juvenile or adult infestations. 

Mussel packing 
Mussels were packed according to protocols 
established during discussions with the U. S. 
Geological Survey biologists (Teresa J. Newton, U. 
S. G. S., LaCrosse, Wisconsin, personal 
communication).  For shipping they were 
wrapped in brown paper towels, then placed into 
coolers in between a layer of wet burlap bags, 
purchased from a feed store.   

Figure 4.  Ice packed into freezer bags placed in coolers 
with Elliptio complanata. 

 

The burlap bags were placed on top of ice packed 
into freezer bags (Figure 4).  A Chain of Custody 
(COC) was placed in each cooler.  Mussels were 
then shipped via Federal Express to Arkansas 
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State University’s Ecotox lab in Jonesboro, 
Arkansas.   

CDM personnel traveled to the EcoTox lab at 
Arkansas State University in Joneboro, Arkansas 
on July 2 to assure that mussels arrived and to 
assess or observe any mortality of mussels.  Only 
one mussel died in shipment. 

Observation and Assistance with 
deployment for correlation study 
On July 6, 2004 CDM personnel traveled to the 
Mammoth Spring National Fish Hatchery in 
Mammoth Spring, Arkansas to observe and assist 
with pre-deployment procedures.  Prior to pre-
deployment procedures, sediments from Tannery 
Bay were shipped to the hatchery and allowed to 
settle.  Chronium concentrations were identified as 
low, medium or high. 

Figure 5.  ASU personnel weighing bivalves prior to placing 
them in plastic mesh netting. 

 
Two populations of Corbicula fluminea were used: 
one from the Strawberry River in northeastern 
Arkansas and another from the Saline River in 
south central Arkansas.  Corbicula fluminea and 
Elliptio complanata were weighed and measured 
according to protocols in the WP correlation study 
proposal.  Whole Animal Wet Weight (WAWW) 
was measured prior to placing each individual  

C. fluminea or E. complanata.  WAWW was 
recorded by hand and on data sheets and 
electronically into a computer connected to an 
electronic balance (Figure 5).  Each animal was 
then placed into mesh tubes made from plastic 
netting.  The netting was tied off with nylon cable 
ties to separate individuals and prevent the 
bivalves from shifting in the tube.  At deployment, 
the bivalves were placed in control, low, medium, 
or high treatments (Figure 6).   

Figure 6.  Four fiberglass tanks used as mesocosms with 
low, medium, high and control treatments. 

 

On August 11, a little over halfway through the 
study, CDM communicated with personnel at 
ASU to check status of the mussels at the 
Mammoth Springs Hatchery.  No problems were 
reported. 

On September 2, 2004, CDM personnel traveled to 
the EcoTox lab at ASU in Jonesboro, Arkansas to 
assist with the processing of mussels after the 55-
day deployment.  Bivalves were brought to the lab 
after their standard 24-hour purging.   

WAWW was once again taken for each bivalve in 
order to assess growth rates.  After WAWW was 
finished for all individuals from each treatment or 
replicate, tissues from each animal were removed.  
The tissue and shell were then weighed 
individually.  Tissues were composited by 
individual replicate for each treatment (50 C. 
fluminea, 20 E. dilatata), and frozen. 
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Processing all bivalves took two days, and tissues 
arrived at Battelle labs on September 9. (Jerry 
Farris, Arkansas State University, personal 
communication).  Battelle analyzed mussel and 
clam tissues for contaminant concentrations. 

Figure 7.  Weighing individual shells after shucking. 

 
Future directions 
Pending the results from the correlation study, 
standards to compare past monitoring with 
Corbicula fluminea to future monitoring with 
Elliptio complanata will be established.  In situ 
studies can then be conducted in Tannery Bay 
using only E. complanata. 
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Measured Physicochemical Data Measured in Source Water and Overlying Water 

from Exposure Mesocosms 
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APPENDIX  D 
Chain of Custody Forms 
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APPENDIX  E 
Bivalve Growth Data 

  
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Strawberry River 

Corbicula SB T 0

Saline River 

Corbicula S T 0

Balsam Lake 

Elliptio B T 0

Corbicula no.

Visceral 

Mass (g)

Shell Mass 

(g) Corbicula no.

Visceral 

Mass (g)

Shell Mass 

(g) Elliptio no.

Visceral Mass 

(g)

Shell Mass 

(g)

1 0.445 2.260 1 1.204 5.139 1 3.900 9.508

2 0.336 1.481 2 1.154 4.261 2 2.458 5.061

3 0.369 1.791 3 1.030 4.027 3 2.455 3.934

4 0.256 1.353 4 1.046 3.145 4 3.132 6.520

5 0.434 2.010 5 0.748 2.556 5 2.543 5.248

6 0.380 1.752 6 1.245 5.894 6 3.469 7.780

7 0.436 2.342 7 1.267 5.366 7 2.675 4.554

8 0.450 1.960 8 1.045 3.222 8 2.864 4.356

9 0.374 1.996 9 1.167 5.840 9 3.259 5.770

10 0.490 2.487 10 0.988 3.983 10 2.618 4.897

11 0.361 1.948 11 1.117 4.744 11 1.905 3.683

12 0.443 2.354 12 1.054 4.359 12 3.538 6.779

13 0.393 1.840 13 1.107 3.674 13 2.309 6.190

14 0.508 2.027 14 1.098 3.575 14 3.227 5.720

15 0.440 2.229 15 0.658 6.197 15 2.430 3.859

16 0.389 1.897 16 0.951 3.983 16 2.333 5.073

17 0.305 1.721 17 1.716 9.464 17 2.080 3.044

18 0.284 1.421 18 1.464 7.701 18 2.738 4.230

19 0.358 1.732 19 1.007 4.162 19 2.379 5.173

20 0.261 1.316 20 0.911 3.567 20 2.262 4.641

21 0.341 2.026 21 1.131 4.269 Total mass 54.574 106.020

22 0.356 1.643 22 1.184 5.271 Average mass 2.729 5.301

23 0.346 1.920 23 1.335 5.001 STDEV 0.530 1.516

24 0.420 2.108 24 1.118 4.964

25 0.376 1.950 25 0.870 3.838

26 0.329 1.725 26 1.040 3.997

27 0.443 2.011 27 0.953 3.951

28 0.373 2.036 28 1.083 4.339

29 0.410 1.962 29 0.883 4.486

30 0.382 1.983 30 1.482 6.744

31 0.369 1.837 31 0.788 3.434

32 0.490 2.186 32 0.941 3.533

33 0.366 1.768 33 1.118 3.389

34 0.327 1.593 34 0.975 4.399

35 0.334 1.481 35 0.956 3.389

36 0.313 1.462 36 1.088 4.158

37 0.281 1.551 37 1.137 5.139

38 0.343 1.613 38 1.036 4.328

39 0.447 2.013 39 0.927 3.784

40 0.407 1.892 40 0.943 3.588

41 0.317 1.688 41 1.107 4.754

42 0.321 1.565 42 0.992 3.911

43 0.355 1.681 43 1.268 9.603

44 0.324 1.405 44 0.921 5.076

45 0.230 1.258 45 1.132 4.410

46 0.350 1.687 46 0.978 3.598

47 0.361 1.457 47 0.803 3.897

48 0.346 1.676 48 1.154 4.873

49 0.318 1.611 49 1.127 4.011

50 0.317 1.502 50 0.745 4.624

Total mass 18.404 90.207 Total mass 53.192 229.617

Average mass 0.368 1.804 Average mass 1.064 4.592

STDEV 0.062 0.289 STDEV 0.191 1.392

T0 Tissue Samples
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APPENDIX  F 
Analytical Chemistry Data 

  
 

 



 
BATTELLE MARINE SCIENCES LABORATORY      Ridlofi, Inc. Task 4    
1529 West Sequim Bay Road      ASU Ecotox/Ridolfi Inc./NOAA - 

Cannelton Study 
Sequim, Washington  98382-9099      ANALYSIS OF TISSUE  
360-681-3689        (Samples Received 7/16/04 and 

9/9/04) 
               
    NOT BLANK CORRECTED-REPORTED ON DRY WEIGHT (DW) 

BASIS 
 

MSL 
Code 

Collec
tion 
Date 

Spons
or ID 

Site Descripton Percent 
Moistur

e 

Total 
Lipids 

As  Cd  Cr  Pb  

   Analytical Method Freeze-
Dried 

Bligh-Dyer ICP-MS 
6100 

ICP-MS 
6100 

ICP-MS 
6100 

ICP-MS 
6100 

   Units % % DW  ug/g 
DW 

 ug/g 
DW 

 ug/g 
DW 

 ug/g 
DW 

 

   Analysis Date 11/15/04 11/18-
23/04 

 11/23/0
4 

 11/23/0
4 

 11/23/0
4 

 11/23/0
4 

 

               
2241-4               7/15/04 STO NA 82.1 9.8  6.66  1.95  1.87  0.395  
2241-5               7/15/04 BTO NA 87.0 5.5  2.68  1.97  2.31  0.415  
2241-6               7/15/04 SBTO NA 92.0 8.5  4.62  0.835  1.26  0.336  
2241-
19              

9/2/04 1-S-1 Control-Saline  Corbicula 81.9 9.1  6.25  2.00  1.77  0.278  

2241-
20              

9/2/04 1-S-2 Control -Saline  Corbicula 82.2 10.0  6.59  2.14  1.98  0.367  

2241-
21              

9/2/04 1-S-3 Control -Saline  Corbicula 81.4 9.8  6.56  2.08  2.02  0.418  

2241-
22r1        

9/2/04 1-B-1 Control -Balsam Lake 
Elliptio 

85.4 5.3  2.85  2.47  3.11  0.812  

2241-
22r2 

9/2/04 1-B-1 Control -Balsam Lake 
Elliptio 

NA 5.3  NA  NA  NA  NA  

2241-
23r1            

9/2/04 1-B-2 Control -Balsam Lake 
Elliptio 

86.0 5.5  2.98  2.88  2.87  0.664  

2241-
23r2            

9/2/04 1-B-2 Control -Balsam Lake 
Elliptio 

NA NA  3.00  2.86  2.87  0.656  

2241-
24              

9/2/04 1-B-3 Control -Balsam Lake 
Elliptio 

85.9 5.1  3.29  2.94  2.97  0.814  

2241-
25              

9/2/04 1-SB-1 Control -Strawberry  
Corbicula 

79.3 9.2  5.14  1.17  1.55  0.476  

2241-
26              

9/2/04 1-SB-2 Control -Strawberry  
Corbicula 

80.0 8.3  4.98  1.26  1.93  0.438  

2241-
27              

9/2/04 1-SB-3 Control -Strawberry  
Corbicula 

78.6 10.7  4.91  1.19  1.59  0.391  

2241-
28              

9/2/04 2-S-1 Low . -Saline  Corbicula 82.7 10.4  6.38  2.11  4.66  0.308  

2241-
29              

9/2/04 2-S-2 Low . -Saline  Corbicula 81.6 10.6  6.86  2.22  4.63  0.311  

2241-
30              

9/2/04 2-S-3 Low . -Saline  Corbicula 81.9 10.2  6.94  2.39  5.00  0.343  

2241-
31              

9/2/04 2-B-1 Low .-Balsam Lake Elliptio 84.8 5.5  2.98  2.83  5.27  0.813  

2241-
32              

9/2/04 2-B-2 Low .-Balsam Lake Elliptio 85.7 5.9  3.18  2.70  4.95  0.647  

2241-
33              

9/2/04 2-B-3 Low .-Balsam Lake Elliptio 86.1 5.4  2.92  2.46  5.46  0.629  

2241-
34              

9/2/04 2-SB-1 Low .-Strawberry  Corbicula 83.1 10.1  4.86  1.12  5.74  0.426  

2241-
35              

9/2/04 2-SB-2 Low .-Strawberry  Corbicula 79.6 10.6  4.98  1.14  7.02  0.468  

2241-
36              

9/2/04 2-SB-3 Low .-Strawberry  Corbicula 78.9 11.9  4.81  1.12  6.16  0.472  

2241-
37              

9/2/04 3-S-1 Med. . -Saline  Corbicula 83.7 10.4  6.74  2.20  7.92  0.300  

2241- 9/2/04 3-S-2 Med. . -Saline  Corbicula 82.2 10.6  6.90  2.31  6.62  0.273  



38              
2241-
39r1            

9/2/04 3-S-3 Med. . -Saline  Corbicula 82.0 10.2  6.67  2.18  9.47  0.307  

2241-
39r2            

9/2/04 3-S-3 Med. . -Saline  Corbicula NA NA  6.76  2.18  9.28  0.309  

2241-
40              

9/2/04 3-B-1 Med. . -Balsam Lake Elliptio 85.8 5.3  3.12  2.76  7.15  0.538  

2241-
41              

9/2/04 3-B-2 Med. . -Balsam Lake Elliptio 88.2 4.8  2.97  2.99  8.71  0.584  

2241-
42              

9/2/04 3-B-3 Med. . -Balsam Lake Elliptio 81.2 9.7  5.05  1.31  10.0  0.422  

2241-
43              

9/2/04 3-SB-1 Med.  -Strawberry  
Corbicula 

79.9 9.0  4.91  1.14  7.88  0.352  

2241-
44              

9/2/04 3-SB-2 Med.  -Strawberry  
Corbicula 

81.1 10.9  5.07  1.27  9.45  0.381  

2241-
45              

9/2/04 3-SB-3 Med.  -Strawberry  
Corbicula 

86.1 4.6  2.87  2.82  6.40  0.540  

2241-
46              

9/2/04 4-S-1 High . -Saline  Corbicula 82.3 10.9  7.14  2.50  99.7  1.46  

2241-
47              

9/2/04 4-S-2 High . -Saline  Corbicula 83.1 10.1  6.52  2.30  121  1.79  

2241-
48              

9/2/04 4-S-3 High . -Saline  Corbicula 83.0 11.1  6.89  2.66  123  1.83  

2241-
49              

9/2/04 4-B-1 High . -Balsam Lake Elliptio 85.8 6.0  3.00  3.02  27.6  0.883  

2241-
50              

9/2/04 4-B-2 High . -Balsam Lake Elliptio 85.5 6.0  2.81  2.76  27.1  0.892  

2241-
51r1       

9/2/04 4-B-3 High . -Balsam Lake Elliptio 85.6 5.5  2.87  2.59  22.9  0.832  

2241-
51r2 

9/2/04 4-B-3 High . -Balsam Lake Elliptio NA 5.7  NA  NA  NA  NA  

2241-
52 A   

9/2/04 4-SB-1 High -Strawberry  Corbicula 80.3 10.8  5.33  
A
   

1.57  
A
   

200  
A
   

2.58  
A
   

2241-
53              

9/2/04 4-SB-2 High -Strawberry  Corbicula 80.4 10.2  5.06  1.46  159  2.24  

2241-
54              

9/2/04 4-SB-3 High -Strawberry  Corbicula 80.5 11.1  4.95  1.41  156  2.18  

               
Blank 111904r4       Method Blank NA 0.1 U 0.166  0.00760 U 0.175  0.00806 U 
Blank 111904r5       Method Blank NA 0.1 U 0.128 U 0.00760 U 0.0998  0.00806 U 
               
2004 Method Detection 
Limits 

 NA 0.1  0.128  0.00760  0.0859  0.00806  

               
STANDARD REFERENCE MATERIAL            
DORM2 111904r1        SRM NA NA  16.6  0.0522  30.8  0.0643  
DORM2 111904r2        SRM NA NA  16.9  0.0411  31.9  0.0618  

               
  certified value NA NA  18.0  0.043  34.7  0.065  
  Percent Difference NA NA  8%  21% # 11%  1%  
  Percent Difference NA NA  6%  4%  8%  5%  
               
1566b 111904r1        SRM NA NA  6.87  2.19  1.03  0.267  
1566b 111904r2        SRM NA NA  7.11  2.27  0.984  0.268  

               
  certified value NA NA  7.65  2.48  NA  0.308  
  Percent Difference NA NA  10%  12%  NA  13%  
  Percent Difference NA NA  7%  8%  NA  13%  
               
1640 direct  1123046100a   SRM NA NA  28.9  23.9  38.8  25.3  
1641 direct  1129046100 SRM NA NA  29.8  24.4  39.9  25.7  

               
  certified value NA NA  26.67  22.79  38.6  27.89  
  Percent Difference NA NA  8%  5%  1%  9%  
  Percent Difference NA NA  12%  7%  3%  8%  



BLANK SPIKE RESULTS             
Amount Spiked   NA NA  3.00  3.00  3.00  3.00  
Blank 111904r4       Method Blank NA 0.1 U 0.166  0.00760 U 0.175  0.00806 U 
LCS111904L1r1        Blk 

Spike 
 NA NA  2.75  2.78  3.15  2.96  

Amount 
Recovered 

  NA NA  2.58  2.78  2.98  2.96  

Percent Recovery   NA NA  86%  93%  99%  99%  
               
Amount Spiked   NA NA  3.00  3.00  3.00  3.00  
Blank 111904r4       Method Blank NA 0.1 U 0.166  0.00760 U 0.175  0.00806 U 
LCS111904L1r2        Blk Spike Dup NA NA  2.73  2.83  3.06  3.00  
Amount 
Recovered 

  NA NA  2.56  2.83  2.89  3.00  

Percent Recovery   NA NA  85%  94%  96%  100%  
               

RPD    NA NA  0.8%  1.8%  3.1%  1.3%  
               
Amount Spiked   NA NA  15.0  15.0  15.0  15.0  
Blank 111904r4       Method Blank NA 0.1 U 0.166  0.00760 U 0.175  0.00806 U 
LCS111904L2r1        Blk 

Spike 
 NA NA  13.6  14  14.9  14.6  

Amount 
Recovered 

  NA NA  13.4  14.0  14.7  14.6  

Percent Recovery   NA NA  90%  93%  98%  97%  
               
Amount Spiked   NA NA  15.0  15.0  15.0  15.0  
Blank 111904r4       Method Blank NA 0.1 U 0.166  0.00760 U 0.175  0.00806 U 
LCS111904L2r2        Blk Spike Dup NA NA  14.1  14.1  14.8  15  
Amount 
Recovered 

  NA NA  13.9  14.1  14.6  15.0  

Percent Recovery   NA NA  93%  94%  98%  100%  
               

RPD    NA NA  3.7%  0.7%  0.7%  2.7%  
               
MATRIX SPIKE RESULTS             
Amount Spiked   NA NA  3.02  3.02  3.02  3.02  
2241-
23r1            

9/2/04 1-B-2 Control Tank-Balsam Lake 
Elliptio 

86.0 5.5  2.98  2.88  2.87  0.664  

2241-23MS     NA NA  5.51  5.55  5.65  3.50  
Amount 
Recovered 

  NA NA  2.53  2.67  2.78  2.84  

Percent Recovery   NA NA  84%  88%  92%  94%  
               
Amount Spiked   NA NA  3.02  3.02  3.02  3.02  
2241-
23r1            

9/2/04 1-B-2 Control Tank-Balsam Lake 
Elliptio 

86.0 5.5  2.98  2.88  2.87  0.664  

2241-23MSD       NA NA  5.37  5.64  6.71  3.50  
Amount 
Recovered 

  NA NA  2.39  2.76  3.84  2.84  

Percent Recovery   NA NA  79%  91%  127% # 94%  
               

RPD    NA NA  5.7%  3.3%  32.0% # 0.0%  
               

Amount Spiked   NA NA  14.8  2.99  14.8  2.99  
2241-
39r1            

9/2/04 3-S-3 Med. Conc. Tank-Saline 
River Corbicula 

82.0 10.2  6.67  2.18  9.47  0.307  

2241-39MS    NA NA  21.4  4.98  25.5  3.17  
Amount 
Recovered 

  NA NA  14.73  2.80  16.03  2.86  

Percent Recovery   NA NA  100%  94%  109%  96%  
               
Amount Spiked   NA NA  15.1  2.99  15.1  2.99  
2241- 9/2/04 3-S-3 Med. Conc. Tank-Saline 82.0 10.2  6.67  2.18  9.47  0.307  



39r1            River Corbicula 
2241-39MSD   NA NA  21.1  4.89  22.9  3.13  
Amount 
Recovered 

  NA NA  14.43  2.71  13.43  2.82  

Percent Recovery   NA NA  96%  91%  89%  94%  
               

RPD    NA NA  4.1%  3.3%  19.6%  1.4%  
               

REPLICATE RESULTS             
2241-
22r1        

9/2/04 1-B-1 Control Tank-Balsam Lake 
Elliptio 

85.4 5.3  2.85  2.47  3.11  0.812  

2241-
22r2 

9/2/04 1-B-1 Control Tank-Balsam Lake 
Elliptio 

NA 5.3  NA  NA  NA  NA  

Mean    NA 5.3  NA  NA  NA  NA  
RPD    NA 0.0%  NA  NA  NA  NA  

               
2241-
23r1            

9/2/04 1-B-2 Control Tank-Balsam Lake 
Elliptio 

86.0 5.5  2.98  2.88  2.87  0.664  

2241-
23r2            

9/2/04 1-B-2 Control Tank-Balsam Lake 
Elliptio 

NA NA  3.00  2.86  2.87  0.656  

Mean    NA NA  3.0  2.9  2.9  0.7  
RPD    NA NA  0.7%  0.7%  0.0%  1.2%  

               
               
2241-
39r1            

9/2/04 3-S-3 Med. Conc. Tank-Saline 
River Corbicula 

82.0 10.2  6.67  2.18  9.47  0.307  

2241-
39r2            

9/2/04 3-S-3 Med. Conc. Tank-Saline 
River Corbicula 

NA NA  6.76  2.18  9.28  0.309  

Mean    NA NA  6.7  2.2  9.4  0.3  
RPD    NA NA  1.3%  0.0%  2.0%  0.6%  

               
               
2241-
51r1       

9/2/04 4-B-3 High Conc. Tank-Balsam 
Lake Elliptio 

85.6 5.5  2.87  2.59  22.9  0.832  

2241-
51r2 

9/2/04 4-B-3 High Conc. Tank-Balsam 
Lake Elliptio 

NA 5.7  NA  NA  NA  NA  

Mean    NA 5.6  NA  NA  NA  NA  
RPD    NA 3.1%  NA  NA  NA  NA  

               
               
NA  Not 
available/applicable 

            

A  In original analysis, internal standard was not added.  Results reported are from reanalysis.      
U  Not detected at or above DL shown            
#  Outside DQO - see narrative            
               
APPROVALS:              

               
               

Project 
Manager 

 Date  QA/QC Reviewer    Date    

 



 
 
 
 
 
 
BATTELLE MARINE SCIENCE LABORATORY         
1529 West Sequim Bay Road  Ridlofi, Inc. Task 4 
Sequim, Washington 98382-9099  ASU Ecotox/Ridolfi Inc./NOAA - Cannelton Study 
360-681-3689   ANALYSIS OF SEDIMENT 
    (Samples Received 7/16/04 and 9/3/04) 
            
    NOT BLANK CORRECTED 
MSL Collection Sponsor Percent REPORTED ON DRY WEIGHT (DW) BASIS   
Code Date ID Moisture As   Cd   Cr   Pb   
   Analytical Method GFAA  ICP-OES  ICP-OES  ICP-OES  
   Units ug/g DW  ug/g DW  ug/g DW  ug/g DW  
      Analysis Date 11/30/04   11/29/04   11/29/04   11/29/04   
            
2241-1 7/15/04 3-4 71.4 11.9  19.1  13931  157  
2241-2 7/15/04 3-3 47.4 8.16  3.42  4139  57.8  
2241-3r1 7/15/04 3-2 26.7 2.92  0.464  578  23.0  
2241-3r2 7/15/04 3-2 NA 3.09  0.477  509  20.0  
2241-16 9/2/04 2 24.4 3.12  0.415  405  21.6  
2241-17 9/2/04 3 44.6 7.53  2.04  2832  42.2  
2241-18 9/2/04 4 74.0 14.8  24.9  17167  192  
            
Blank 112204   0.065 U 0.0421 U 0.0546 U 0.675 # 
2004 Method Detection Limits  0.065  0.0421  0.0546  0.0769  
            
STANDARD REFERENCE MATERIAL          
2704 112204   23.5  3.25  126  151  
  certified value  23.4  3.45  135  161  
  percent difference  0%  6%  6%  6%  
            
MESS-3 112204   22.9  0.0421 U 96  19.7  
  certified value  21.2  0.24  105  21.1  
  percent difference  8%  NA # 9%  7%  
            
BLANK SPIKE RESULTS           
Amount Spiked   25.0  25.0  25.0  25.0  
Blank 112204   0.065 U 0.211 U 0.273 U 0.675  
LCS 112204L1   26.4  25.0  25.2  26.2  
Amount Recovered   26.4  25.0  25.2  25.5  
Percent Recovery   106%  100%  101%  102%  
            
Amount Spiked   NA  100  100  100  
Blank 112204   0.065 U 0.211 U 0.273 U 0.675  
LCS 112204L2   NA  100  101  104  
Amount Recovered   NA  100  101  103  
Percent Recovery   NA  100%  101%  103%  



            
MATRIX SPIKE RESULTS          
Amount Spiked   25.0  25.0  5128  25.0  
2241-16 9/2/04 2 24.4 3.12  0.415  405  21.6  
2241-16MS   31.0  25.8  5610  47.6  
Amount Recovered   27.9  25.4  5205  25.9  
Percent Recovery   112%  101%  102%  104%  
            
Amount Spiked   25.4  25.4  4785  25.4  
2241-16 9/2/04 2 24.4 3.12  0.415  405  21.6  
2241-16MSD   31.1  25.3  5242  48.5  
Amount Recovered   27.9  24.9  4837  26.8  
Percent Recovery   110%  98%  101%  106%  
            

RPD    1%  4%  0%  2%  
            

REPLICATE ANALYSIS RESULTS          
2241-3r1 7/15/04 3-2 26.7 2.92  0.464  578  23.0  
2241-3r2 7/15/04 3-2 NA 3.09  0.477  509  20.0  
            

Mean    3.01  0.470  543  21.5  
RPD    5%  3%  13%  14%  

            
                 

NA Not available/applicable          
U Not detected at or above DL shown         

RPD Relative percent difference          
# Outside DQO range - see narrative         

            

APPROVALS:                     
                        
                        
Project Manager   Date   QA/QC Reviewer     Date   
 
 



 
PROJECT: Ridolfi, Inc. Task 4 (ASU Ecotox / Ridolfi Inc. / NOAA - Cannelton Study) 
PARAMETER: Metals on dry weight basis 
MATRIX: Tissue 

 
LABORATORY: Battelle Marine Sciences Laboratory, Sequim, Washington 

Project Manager:  Laurie Niewolny 360-681-3689 or laurie.niewolny@pnl.gov 
 

SAMPLE 
CUSTODY: 

Thirty-nine (39) tissue samples were received on 7/16/04 and 9/9/04.  The 
tissue samples were received in good condition.  Upon arrival, both cooler 
temperatures were measured at 2.2˚C and 5.3˚C, respectively.  These 
temperatures were within 4˚C ±2˚C for unpreserved samples.  The samples 
were assigned a Battelle Central File (CF) identification number (2241) and 
entered into Battelle’s log-in system. 

 
 
QA/QC DATA QUALITY OBJECTIVES: 

Analyte Reference Method Method 
Blank 

Range of 
Recovery 

SRM 
Accuracy 

Relative 
Precision 

Arsenic GFAA (EPA 200.9) ≤5xMDL 75-125% ≤20% ≤20% 
Cadmium ICP/OES (EPA 200.7) ≤5xMDL 75-125% ≤20% ≤20% 
Chromium ICP/OES (EPA 200.7) ≤5xMDL 75-125% ≤20% ≤20% 
Lead ICP/OES (EPA 200.7) ≤5xMDL 75-125% ≤20% ≤20% 
 
 
METHOD: Four metals were analyzed: arsenic (As), cadmium (Cd), chromium (Cr), and 

lead (Pb).  As soon as possible after receipt, the tissue samples were froze 
to –80°C and freeze-dried to obtain the percentage of moisture.  Aliquots of 
the freeze-dried, homogeneous tissue sample were digested for metals 
analysis and extracted for the percentage of lipids (Bligh-Dyer 1959).  The 
digestion for metals analysis was a nitric/hydrofluoric acid combination.  All 
analytes were determined via inductively coupled plasma-mass 
spectroscopy (ICP/MS) following EPA Method 200.8 (EPA 1991).  Sample 
2241*52 did not receive internal standard so it was reanalyzed several days 
later.  The corresponding ICP/MS direct SRMs are reported (1640) to show 
the machine was running within limits. 
 

HOLDING 
TIMES: 

The sample was received on 7/16/04 and 9/9/04. As soon as possible after 
receipt, the tissue samples were froze to –80°C and freeze-dried to obtain 
the percentage of moisture. The samples were analyzed on the following 
dates: 
  Lipids analysis:  11/18/04 - 11/23/04 
 ICP/MS analysis: 11/23/04 
    Reanalysis of sample 2241*52: 11/29/04 
 

METHOD 
BLANKS: 

Two method blanks were analyzed with the set of samples.  One blank had a 
detectable arsenic level and both blanks had detectable chromium but none 
were greater than 5x the MDL.  No corrective action was taken.  Data is not 
blank corrected. 
 



 
MATRIX AND 
BLANK SPIKES: 

Two matrix spike/matrix spike duplicate pairs and two blank spike/blank 
spike duplicate pairs were prepared at multiple concentrations depending on 
the analyte and based on previous data.  Recoveries of all metals were 
within the QC limits of 75% to 125% with the exception of one matrix spike 
duplicate where chromium was recovered at 127%.  This was due to the 
sample being slightly underspiked.  This affected the RPD of the MS/MSD 
pair causing it to exceed the QC limit (≤20%).  The other MS/MSD pair RPD 
was within the QC limit for chromium.  No corrective action was taken.  All 
other RPD values for MS/MSD precision were within the QC limit. 

SRM: 
 

Two different SRMs, DORM-2 and 1566b, were analyzed in duplicate for all 
four metals. All metals recovered within DQOs with the exception of Cd in 
one replicate of DORM-2.  DORM-2 is certified within 10x of the MDL for Cd 
Cadmium in the other replicate of DORM-2 and in both replicates of 1566b 
recovered within the QC limit of ≤20%. No corrective action was taken. 
 

REPLICATES: The tissue samples were digested and analyzed with a duplicate.  Precision 
of duplicate analysis is reported by calculating the relative percent difference 
(RPD) of replicate results.  The RPDs ranged from 3% to 14%, all of which 
were within the QC limits of ≤20%. 
 

REFERENCES: Bligh, E.G. and W.J. Dyer.  1959.  “A Rapid Method of Total Lipid Extraction 
and Purification.”  Canadian Journal of Biochemistry and Physiology.  Vol. 
37, No. 8, pp. 911-917. 
 
EPA.  1991.  Methods for the Determination of Metals in Environmental 
Samples.  EPA-600/4-91-010.  Environmental Protection Agency, 
Environmental Services Division, Monitoring Management Branch.  
Cincinnati, Ohio. 

 
 



QUALITY ASSURANCE REVIEW 

 

This report summarizes the review of analytical results generated in support of the NOAA Cannelton 

Study (Task 4). The criteria applied for this validation are consistent with U.S. EPA analytical methods 

and laboratory established criteria.  Analyses were performed by Batelle Marine Science Laboratory of 

Sequim, Washington.  Sample results are presented with associated data qualifiers in the attached table.  

Results are reported on a dry weight basis and are not blank corrected. 

 

Sediment Analyses – Metals 
 

Six sediment samples were analyzed for arsenic, cadmium, chromium and lead.   Analyses for cadmium, 

chromium and lead were performed using the Inductively Coupled Plasma–Atomic Emission 

Spectrometric method (ICP–AES, Method 200.7).  Arsenic analyses were performed by the Graphite 

Furnace Atomic Absorption method (GFAA, Method 200.9). The laboratory provided hard copy and 

electronic results (field samples and QC samples), case narratives, and copies of chain-of-custody 

documents and log-in documents.   

 

Sample Documentation, Custody and Holding Conditions / Times: All samples were handled and 

delivered to the laboratory according to chain-of-custody procedure.  No preservatives were added to the 

samples.  The samples were received in two shipments (July 16, 2004 and September 3, 2004).  Cooler 

temperatures were noted as 3.3°C. and 2.2°C., within the recommended temperature range (4 ± 2°C.).  

The laboratory noted that custody seals were not present on the coolers.   Samples were freeze-dried and 

held at –80°C. until analysis.  Maximum holding time for frozen sample material is generally 

recommended as one year.  All sample analyses were performed within the recommended holding time 

and are considered acceptable.  

 

Initial/Continuing Calibration:  Calibration data were not provided by the laboratory and were 

therefore not reviewed for this report. 

 

Blanks:  One preparation blank was analyzed for the target analytes.  Arsenic, cadmium and chromium 

were not reported as detected in the blank.  Lead was detected in the blank at concentration of 0.675 



µg/g (MDL = 0.0769 µg/g).  The lowest reported lead result for an associated sample is 20.0 µg/g, 

which is about >30X the blank amount.  EPA Method 200.7 does not provide numeric criteria for blank 

performance.  EPA’s National Functional Guidelines for Inorganic Data Review indicates that sample 

results greater than 10X the concentration of an associated blank do not require qualification.  Therefore, 

blank results are considered acceptable and no associated data are qualified.   

 

Initial/continuing calibration blank results were not provided by the laboratory and were therefore not 

reviewed for this report. 

 

Blank Spike Analysis: Two spiked preparation blanks were analyzed.  Recoveries range from 100% to 

106%, and are considered acceptable. 

 

Interference Check Samples:  Results for interference check samples were not provided by the 

laboratory and were therefore not reviewed for this report. 

 

Replicate Sample Analysis: One laboratory duplicate sample was analyzed for the metals target 

analytes. Relative Percent Differences (RPDs) range from 3% to 14% and are considered acceptable. 

 

Matrix Spike Sample Analyses: One matrix spike/matrix spike duplicate (MS/MSD) pair was 

analyzed. All metals target analytes were added to the spiked samples.  All percent recoveries (%R) and 

RPDs were within laboratory–specified limits (75 - 125%R; 20% RPD). 

 

ICP Serial Dilution:  Results for ICP serial dilution were not provided by the laboratory and were 

therefore not reviewed for this report. 

 

Standard Reference Materials:  The laboratory analyzed standard reference material for internal 

quality control purposes.  NIST 2704 (Buffalo River Sediment) and NRCC MESS-3 (Beaufort Sea 

Sediment) were each analyzed once.  Relative to the certified values, recoveries for NIST 2704 range 

from 93.3% to 100%.  Results for NRC MESS-3 range from 91.4% to 93.4%, with the exception of 

cadmium (0% R).  The laboratory narrative indicates that sample dilution may have interfered with the 

cadmium detection.  The certified value for cadmium (0.24 µg/g) is well above the MDL (0.0421 µg/g).  



Three project sample results are close to the MESS-3 cadmium value (Sample 2 = 0.415 µg/g; sample 3-

2 = 0.464 µg/g; sample 3-2 replicate = 0.477 µg/g.  It is possible that these results are biased low and 

they are therefore qualified as estimated (“J”).  All other reference material results are considered 

reasonable and acceptable. 
 

Overall Assessment:  Recommended sample holding times and conditions were met for all analytes in 

all samples. Lead was detected in the preparation blank; all associated results are greater than 10 times 

the blank concentration, and thus no associated results require qualification. Other analytes were not 

detected in the preparation blank.  Acceptance criteria for replicate sample analyses and MS/MSD 

analyses were met.  Results for all laboratory standard reference materials are considered acceptable 

with the exception of the cadmium result for NRC MESS-3 (no recovery of the analyte).  Three 

associated results are qualified as estimated (“J”).  

 

Tissue Analyses – Metals, Percent Lipids 
 

Thirty-nine tissue samples were analyzed for arsenic, cadmium, chromium, lead and percent lipids. 

Tissues were analyzed for metals by the Inductively Coupled Plasma–Mass Spectrometric method (ICP–

MS, Method 200.8); tissues were extracted for total lipids using the method of Bligh-Dyer (1959). The 

laboratory provided hard copy results (field samples and QC samples), case narratives, and copies of 

chain-of-custody documents and log-in documents.   

 

Sample Documentation, Custody and Holding Conditions / Times: All samples were handled and 

delivered to the laboratory according to chain-of-custody procedure.  No preservatives were added to the 

samples.  The samples were received in two shipments (July 16, 2004 and September 9, 2004).  Cooler 

temperatures were noted as 3.3°C. and 5.3°C., within the recommended temperature range (4 ± 2°C.).  

The laboratory noted that custody seals were not present on the coolers.   Samples were freeze-dried and 

held at –80°C. until analysis.  Maximum holding time for frozen sample material is generally 

recommended as one year.  All sample analyses were performed within the recommended holding time 

and are considered acceptable.  

 



ICP-MS Tune Analysis: ICP-MS tuning data were not provided by the laboratory and were therefore 

not reviewed for this report. 

 

Initial/Continuing Calibration:  Metals calibration data were not provided by the laboratory and were 

therefore not reviewed for this report. 

 

Blanks:  Two metals preparation blanks were analyzed for the target analytes. Cadmium and lead were 

not reported as detected in either blank.  Arsenic was detected in one blank at concentration of 0.166 

µg/g (MDL = 0.128 µg/g).  The lowest reported arsenic result for an associated sample is 2.68 µg/g, 

which is about >16X the blank amount.  Chromium was detected in both blanks at concentrations of 

0.175 µg/g and 0.0998 µg/g (MDL = 0.0859). Three associated samples have chromium results less than 

1.75 µg/g, which is 10X the highest blank amount.  EPA Method 200.8 does not provide numeric 

criteria for blank performance.  EPA’s National Functional Guidelines for Inorganic Data Review 

indicates that sample results greater than 10X the concentration of an associated blank do not require 

qualification.  Therefore, blank results for arsenic are considered acceptable and no associated data are 

qualified.  Results for the three chromium determinations (samples SBTO, 1-SB-1, 1-SB-3) are qualified 

as nondetects (“U”). 

 

Two method blanks were analyzed for lipids; both were nondetects at 0.1% total lipids. 

 

Metals initial/continuing calibration blank results were not provided by the laboratory and were 

therefore not reviewed for this report. 

 

Blank Spike Analysis: Two metals spiked preparation blanks were analyzed as duplicate pairs.  

Recoveries range from 86% to 100%; RPDs range from 0.7% to 3.7%.  Recoveries and RPDs are 

considered acceptable. 

 

Interference Check Samples:  Results for metals interference check samples were not provided by the 

laboratory and were therefore not reviewed for this report. 

 



Replicate Sample Analysis: Two laboratory duplicate samples were analyzed for the metals target 

analytes and two laboratory duplicate samples were analyzed for lipids. RPDs for the metals duplicates 

range from 0% to 2.0% and are considered acceptable. RPDs for the lipids duplicates are 0% and 3.1% 

and are considered acceptable. 

 

Matrix Spike Sample Analyses: Two metals MS/MSD pairs were analyzed. All metals target analytes 

were added to the spiked samples.  All percent recoveries and RPDs were within laboratory–specified 

limits (75 - 125%R; 20% RPD) with one exception:  the chromium MSD recovery for sample 1-B-2 is 

127%.  Since the MS recovery is 92%, the RPD is 32%.  The laboratory narrative attributes the 

exception to the sample “being slightly underspiked.”  The spike level (3.02 µg/g) was similar to the 

unspiked sample concentration (2.87µg/g).  In the MS/MSD with acceptable recoveries, the spike and 

sample concentration were somewhat higher (about 15 µg/g and 9.47 µg/g, respectively), but the RPD 

was close to the control limit (19.6%).  This suggests that chromium may be somewhat 

nonhomogeneous in the tissue matrix.  Because this exception is relatively minor, no associated data are 

qualified. 

 

Standard Reference Materials:  The laboratory analyzed standard reference material for internal 

quality control purposes.  NIST 1566b (Oyster Tissue), NIST 1640 (Natural Water) and NRC DORM-2 

(Dogfish Muscle Tissue) were each analyzed twice for the metals target analytes.  Relative to the 

certified values, recoveries for NIST 1566b range from 86.7% to 92.9%.  Results for NIST 1640 range 

from 90.7% to 112%. Results for NRC DORM-2 range from 88.8% to 98.9, with the exception of 

cadmium (121%R vs. control limit of 120%R).  The exception is minor and no associated results are 

qualified.  Therefore, all reference material results are considered reasonable and acceptable. 

 
ICP-MS Internal Standards: Data for ICP-MS internal standards were not provided by the laboratory 
and were therefore not reviewed for this report. 
 

Overall Assessment:  Recommended sample holding times and conditions were met for all analytes in 

all samples.  Arsenic was detected in one preparation blank; all associated results are greater than 10 

times the blank concentration, and thus no associated results require qualification. Chromium was 

detected in both preparation blanks; three associated results are less than 10 times the higher of the two 

blank concentrations and thus are qualified as nondetects (“U”).  Other analytes were not detected in the 



preparation blanks.  Acceptance criteria for replicate sample analyses and MS/MSD analyses were met 

with the exception of chromium in one MS/MSD sample.  The exception is minor and no associated 

results are qualified; however, the results suggest that chromium may be somewhat nonhomogeneous in 

the tissue matrix.  Results for all laboratory standard reference materials are considered acceptable.  




