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INTRODUCTION

This 2004 Surface Water Ambient Toxic (SWAT) monitoring program final report is organized
into this Executive Summary (with introduction and table of contents) and 4 modules, 1) Marine
and Estuarine, 2) Lakes, 3) Rivers and Streams, and 4) Special Studies. The full report is
available on DEP’s website at http://www.maine.gov/dep/blwg/docmonitoring/swat/index.htm

Questions may be directed to authors of each study or to Barry Mower, DEP, SHS 17, Augusta,
Maine 04333, tel: 207-287-7777, email: barry. f . nrower @i ne. gov
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EXECUTIVE SUMMARY

Maine’s Surface Water Ambient Toxics (SWAT) monitoring program was established in 1993
(38 MRSA 8§420-B) to determine the nature, scope and severity of toxic contamination in the
surface waters and fisheries of the State. The program must be designed to comprehensively
monitor the lakes, rivers and streams and marine and estuarine waters of the State on an ongoing
basis. The program must incorporate testing for suspected toxic contamination in biological
tissue and sediment, may include testing of the water column and must include biomonitoring
and the monitoring of the health of individual organisms that may serve as indicators of toxic
contamination. This program must collect data sufficient to support assessment of the risks to
human and ecological health posed by the direct and indirect discharge of toxic contaminants.

The Commissioner of the Department of Environmental Protection (DEP) must prepare a 5-year
conceptual workplan that outlines monitoring approach for the following 5 years.  The
Commissioner must also develop annual workplans that define the work to be accomplished each
year. A Technical Advisory Group (TAG), composed of 10 individuals with scientific
backgrounds representing various interests and 1 legislator, is established to advise the
Commissioner on the development of the 5-year framework and annual workplans.

The first 5-year framework, for the period 1994-1998, was an initial sampling of all watersheds
in the state. The 5-year plans for the periods 1999-2003 and 2004-2008 were focused on
problems discovered in the initial periods and were designed to confirm the initial findings and
establish background conditions. Once those are established and a sufficient amount of time has
elapsed, 5-10 years depending on what if any action has occurred to solve the problem, repeat
sampling may be conducted to determine if the problem has been solved. The program also
explores new issues as they are identified.

The SWAT program is divided into 4 modules, 1) Marine and Estuarine, 2) Lakes, 3) Rivers and
Streams, and 4) Special Studies. This annual report follows the outline of the 2004 workplan.
Following is a summary of key findings from the 2004 SWAT program for each module.

1. MARINE AND ESTUARINE

e Sediment and softshell clam tissue monitoring occurred at 5 stations along the coast in
2004. Locations were selected in consultation with DMR and consisted of areas where
the acquisition of toxics data would allow the update of information concerning closed
areas and might potentially allow opening areas to commercial clam harvest. Results will
be provided to DMR and the state toxicologist for analysis, update of flat closures, and
other appropriate action.

e Lobster collections and analysis occurred at 12 stations over the eastern half of the Maine
coast in conjunction with the EPA National Coastal Assessment. Pending the receipt of
the balance of 2004 lobster data from the contracted laboratory, the results will be
provided to the state toxicologist for use in updating public health advisories. Upon
receipt of the data, it will be posted on the DEP SWAT web site.



Saltmarsh Sharp-tailed Sparrows have elevated blood Hg levels across the sampling sites
but are at less a potential risk in the Scarborough Marsh Wildlife Management Area and
Rachel Carson National Wildlife Refuge (NWR) in Maine than in the Parker River NWR
in Massachusetts and Ninigret NWR in Rhode Island.

2. LAKES

Mercury concentrations in eagles from some Maine lakes were among the highest
reported in the US and correlated with reduced productivity.  There has been no
significant decline in mercury concentrations in eagles from Maine lakes in the last 12
years. Mercury in eagles from rivers and estuaries are lower, but may be increasing.

3. RIVERS AND STREAMS

Ambient Biological Monitoring of 39 stations assessed the condition of the benthic
macroinvertebrate community. To date, results from 20 stations have been received and
9 (45 %) failed to attain the aquatic life standards of their assigned class. A total of 6
(30 %) exhibited natural aquatic communities (Class A).

Coplanar (dioxin-like) PCBs add significantly to total dioxin equivalents in fish from
many rivers and are used by the Bureau of Health in evaluating fish consumption
advisories. Coplanar PCB levels are greater than dioxins alone at most sites except for the
Androscoggin where dioxins remain dominant in many samples.

Total PCBs in bluefish and striped bass greatly exceed the Bureau of Health’s Fish Tissue
Action Levels warranting a fish consumption advisory as is currently in place.

Preliminary studies indicate possible suppression of immune system function in
smallmouth bass below several bleached kraft pulp and paper mills. The study needs to
be repeated to verify the accuracy of the finding.

A new passive sampling device, the Polar Organic Chemical Integrative Sampler
(POCIS), was used by the University of Maine to detect blueberry culture pesticides in
streams in Downeast Maine. Concentrations found were within a factor of 10 of the
lowest known effects thresholds.

4. SPECIAL STUDIES

Examination of 110 dead birds of many species revealed multiple causes of death but few
that could be ascribed to pesticides. Concentrations of PCBs were elevated in many
samples. The work will continue during 2005.

Brominated flame retardants are ubiquitous in Maine fish and have been found at levels
reported elsewhere. Decabrominated diphenyl ether was not detected in 10 samples of
fish from the Kennebec or Penobscot rivers, but more sampling is needed.
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2004 Marine Sediment, Shellfish, and Lobster Tissue Analysis

This draft report contains data on marine sediments, softshell clam (Mya arenaria), and lobster (Homarus americanus) hepatopancreas and
muscle tissues collected in 2004.

The following sediment and clam sites were sampled in 2004: Mast Cove, Piscataqua River; Navy Pier, Harpswell, Middle Cove in Casco
Bay; Squirrel Island, Boothbay Harbor; Upper St. George River, Warren; and Harris Cove, Eastport. All samples consisted of four replicate
samples. Sites were sampled on the following dates:

Location Date Sampled
Mast Cove, Piscataqua 11/09/04
Navy Pier, Harpswell 11/12/04
Squirrel Island, Boothbay Harbor 11/08/04
Upper St. George River, Warren 11/04/04
Harris Cove, Eastport 11/09/04

Sediment and clam tissue from Mast Cove, Piscataqua River; Navy Pier, Harpswell; Squirrel Island, Boothbay Harbor; and Harris Cove,
Eastport were analyzed for: Mercury, heavy metals, and PAHs. Sediment and clam tissue from Upper St. George River, Warren, were
analyzed for dioxin, furans, and coplanar PCBs.

Lobsters were collected as part of the National Coastal Assessment (NCA) on the eastern half of the Maine coast in 2004. Twelve stations
were sampled over the eastern half of the coast, and DEP dissected lobsters into hepatopancreas, muscle, and offal tissues. Whenever
possible, lobster samples were composites of five individual animals. EPA, as part of the NCA program, will analyze lobster muscle tissue
for: Mercury, heavy metals, PAHSs, pesticides, and PCBs. As part of the SWAT program, DEP analyzed the lobster muscle tissue for:
Dioxins, furans, coplanar PCBs, and PBDEs. Also, as part of the SWAT program, DEP analyzed lobster hepatopancreas for: Mercury, heavy
metals, PAHSs, pesticides, PCBs, dioxins, furans, and coplanar PCBs. There was insufficient tissue collected in 2004 to allow analysis of
hepatopancreas for PBDEs. DEP has still not received pesticides results for hepatopancreas tissue from the laboratory. These data will be
presented later upon their receipt.



Table 1.1.1 HEAVY METALS AND MERCURY IN 2004 SEDIMENT

Field ID

Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell

*replicate 2 jar broken in shipping

Parameter

Aluminum
Cadmium
Chromium
Copper
Iron

Lead
Mercury
Nickel
Selenium
Silver
Zinc
Percent Solids

Units
mg/kg Wet
Flag Rep 1

2600

B 0.021
5.9

3.4

4300

1.4

B 0.0024
3.5

B 0.19
0.017
B 11
82.8

N

Flag Rep 2*

Flag Rep 3 Flag Rep 4

2600
B 0.019 B
55
6.5
5200
1.7
< 0.002 B
51
B 0.39 B
< 0.017 <
12
83.7

2100
0.02
51
7.1
6100
1
0.0022
3.9
0.29
0.016
7.4
83.4



Table 1.1.1 HEAVY METALS AND MERCURY IN 2004 SEDIMENT (CONTINUED)

Field ID

Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport

Parameter

Aluminum
Cadmium
Chromium
Copper
Iron

Lead
Mercury
Nickel
Selenium
Silver
Zinc
Percent Solids

Units
mg/kg Wet
Flag Rep 1 Flag Rep 2 Flag Rep 3
6800 8300 11000
0.14 0.18 0.19
14 16 18
13 9 11
12000 14000 16000
13 17 19
B 0.014 0.016 0.082
14 14 15
B 0.55 B 0.61 0.92
B 0.026 B 0.029 B 0.042
41 46 55
72 68.1 63.5

Flag Rep 4

8700
0.28
17

13
15000
24
0.021
15

1.1

B 0.048
61
56.8



Table 1.1.1 HEAVY METALS AND MERCURY IN 2004 SEDIMENT (CONTINUED)

Field ID

Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor

Parameter

Aluminum
Cadmium
Chromium
Copper
Iron

Lead
Mercury
Nickel
Selenium
Silver
Zinc
Percent Solids

Units
mg/kg Wet
Flag Rep 1 Flag Rep 2 Flag Rep 3 Flag Rep 4
2000 2500 1800 2100
B 0.061 B 0.057 B 0.027 B 0.055
5.5 7.4 5.1 5.7
3.3 3.7 4.6 23
2600 3200 2300 3900
5.1 4.8 35 33
B 0.0055 B 0.0071 B 0.0037 B 0.0045
3.8 4 2.7 45
B 0.32 B 0.33B 0.29 B 0.34
< 0.017 < 0.016 < 0.016 < 0.016
14 12 10 15
79 82.6 86 84.7



Table 1.1.1 HEAVY METALS AND MERCURY IN 2004 SEDIMENT (CONTINUED)

Field ID

Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River

Parameter

Aluminum
Cadmium
Chromium
Copper
Iron

Lead
Mercury
Nickel
Selenium
Silver
Zinc
Percent Solids

Units
mg/kg Wet
Flag Rep 1 Flag Rep 2 Flag Rep 3 Flag Rep 4
3000 2400 3900 4000
B 0.08 B 0.073 B 0.074 B 0.072
12 8.8 14 14
3 2.7 5.2 4.5
5700 4400 7800 7800
5.3 4.5 5.8 5
0.018 0.017 0.021 0.017
6.7 4.5 8.1 7.9
B 041 B 0.36 B 0.46 B 0.42
B 0.031 B 0.032 B 0.047 B 0.032
16 14 21 19
78.6 78.4 77.6 80.5



Table 1.1.2 HEAVY METALS AND MERCURY IN 2004 CLAM TISSUE

Field ID

Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell
Navy Pier, Harpswell

Parameter
Aluminum
Cadmium
Chromium
Copper
Iron

Lead
Mercury
Nickel
Selenium
Silver

Zinc
Percent Solids

Rep 1

mg/kg Wet mg/kg Dry

Flag Result
86
0.12
1.8
1.6
310
B 0.17
0.01
0.92
B 0.43
B 0.093
9
14.8

581.08
0.81
12,16 B
10.81

2094.59
1.158B
0.07
6.22
291 B
0.63 B

60.81
0.15

Rep 2 Rep 3 Rep 4

mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry
Calculated Flag Result Calculated Flag Result Calculated Flag Result Calculated

74 500.00 190 1301.37 83 638.46
0.12 0.81 0.11 0.75 B 0.089 0.68
0.65 4.39 2 13.70 15 11.54

1.7 11.49 1.7 11.64 1.8 13.85
310 2094.59 580 3972.60 310 2384.62
0.21 142 B 0.19 130 B 0.22 1.69

0.011 0.07 B 0.0097 0.07 B 0.0082 0.06
0.44 2.97 1.4 9.59 0.92 7.08
0.42 284 B 0.42 2.88 B 0.38 2.92
0.16 1.08 B 0.15 1.03 B 0.089 0.68

8.6 58.11 8.4 57.53 8.7 66.92
14.8 0.15 14.6 0.15 13 0.13



Table 1.1.2 HEAVY METALS AND MERCURY IN 2004 CLAM TISSUE (CONTINUED)

Field ID

Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport
Harris Cove, Eastport

Parameter
Aluminum
Cadmium
Chromium
Copper
Iron

Lead
Mercury
Nickel
Selenium
Silver

Zinc
Percent Solids

Rep 1
mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry

Flag Result

B

120
0.058
1.5
1.3
340
0.61
0.0095
0.83
0.41
0.026
9.1
15.2

Rep 2 Rep 3 Rep 4

Calculated Flag Result Calculated Flag Result Calculated Flag Result Calculated

789.47 110 733.33 130 921.99 80 655.74
0.38 B 0.061 041 B 0.067 0.48 B 0.064 0.52
9.87 2 13.33 1.9 13.48 11 9.02
8.55 16 10.67 2.3 16.31 1.2 9.84

2236.84 410 2733.33 420 2978.72 270 221311
4.01 0.87 5.80 0.87 6.17 0.71 5.82
0.06 B 0.0076 0.05B 0.0072 0.05B 0.007 0.06
5.46 11 7.33 1.6 11.35 0.62 5.08
2.70 B 0.44 293 B 0.4 284 B 0.39 3.20
017 B 0.027 0.18 < 0.02 0.14 < 0.02 0.16

59.87 9.5 63.33 9.8 69.50 8.3 68.03
0.15 15 0.15 141 0.14 12.2 0.12



Table 1.1.2 HEAVY METALS AND MERCURY IN 2004 CLAM TISSUE (CONTINUED)

Field ID

Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor
Squirrel Island, Boothbay Harbor

Parameter
Aluminum
Cadmium
Chromium
Copper
Iron

Lead
Mercury
Nickel
Selenium
Silver

Zinc
Percent Solids

Rep 1
mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry

Flag Result

B

os]

68
0.046
2.3
1.8
150
0.28
0.01
1.2
0.34
0.034
8.9
14.8

Rep 2 Rep 3 Rep 4

Calculated Flag Result Calculated Flag Result Calculated Flag Result Calculated

450.46 85 454.55 110 614.53 110 723.68
031B 0.056 0.30 B 0.056 0318B 0.049 0.32
15.54 1 5.35 1.8 10.06 2 13.16
12.16 2 10.70 21 11.73 1.6 10.53
1013.51 190 1016.04 300 1675.98 270 1776.32
1.89 0.35 1.87 0.62 3.46 0.53 3.49
0.07 0.013 0.07 0.011 0.06 B 0.0094 0.06
8.11 0.63 3.37 0.99 5.53 11 7.24
230 B 0.38 203 B 0.27 151B 0.34 2.24
023 B 0.036 019 B 0.04 022 B 0.033 0.22
60.14 9.4 50.27 9.2 51.40 9.5 62.50
0.15 18.7 0.19 17.9 0.18 15.2 0.15



Table 1.1.2 HEAVY METALS AND MERCURY IN 2004 CLAM TISSUE (CONTINUED)

Field ID

Mast Cove, Piscataqua River
Mast Cove, Piscatagua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscatagua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscataqua River
Mast Cove, Piscatagua River

Rep 1

Rep 2 Rep 3 Rep 4

mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry mg/kg Wet mg/kg Dry

Parameter Flag Result

Aluminum 110
Cadmium B 0.057
Chromium 1.6
Copper 1.9
Iron 430
Lead 0.65
Mercury 0.047
Nickel 1.6
Selenium B 0.38
Silver 0.34
Zinc 9.8
Percent Solids 15.1

Calculated Flag Result Calculated Flag Result Calculated Flag Result Calculated

728.48 110 718.95 140 858.90 140 909.09
0.38 B 0.048 031B 0.067 041 B 0.054 0.35
10.60 2 13.07 2.5 15.34 2.2 14.29
12.58 1.9 12.42 1.8 11.04 2.5 16.23
2847.68 640 4183.01 910 5582.82 960 6233.77
4.30 0.48 3.14 0.68 4.17 0.58 3.77
0.31 0.049 0.32 0.036 0.22 0.041 0.27
10.60 1 6.54 1.4 8.59 2 12.99
252 B 0.39 255 B 0.38 233 B 0.4 2.60
2.25 0.48 3.14 B 0.16 0.98 0.3 1.95
64.90 11 71.90 10 61.35 12 77.92
0.15 15.3 0.15 16.3 0.16 154 0.15



Table 1.1.3 PAHS IN 2004 SEDIMENT

SAMPLE ID Navy Pier, Harpswell |Navy Pier, Harpswell |Navy Pier, Harpswell |Navy Pier, Harpswell
REPLICATE 1 2 3 4

Units Qual Qual Qual Qual
Semi-Volatile Organics by 8270 - SIM
Naphthalene ug/Kg 1.4 1.0 J 1.3
2-Methylnaphthalene pg/Kg 0.47 J 0.46 J 0.43 J
1-Methylnaphthalene pg/Kg 0.35 J 0.31 J 0.25 J
Biphenyl pg/Kg 0.63 J 0.68 J 0.61 J
2,6-Dimethylnaphthalene pg/Kg 0.56 J 0.22 J 0.22 J
Acenaphthylene Ha/Kg 15 1.7 3.1
Acenaphthene ug/Kg 1.1 U 1.1 U 1.1 U
Fluorene una/Kg 1.1 U 0.26 J 0.28 J
2,3,5-Trimethylnaphthalene ug/Kg 1.1 U 1.1 U 1.1 U
Phenanthrene pag/Kg 0.61 JB 0.42 JB 0.50 JB
Anthracene pg/Kg 0.63 J 0.65 J 1.2
1-Methylphenanthrene pag/Kg 0.73 J 0.12 J 1.1 U
Fluoranthene pg/Kg 1.3 0.47 J 0.63 J
Pyrene ug/Kg 1.7 0.36 J 0.54 J
Benz[a]anthracene pg/Kg 1.1 0.24 J 0.45 J
Chrysene pg/Kg 1.7 B 0.36 JB 0.76 JB
Benzo[b]fluoranthene Ha/Kg 4.9 0.80 J 1.7
Benzolk]fluoranthene pg/Kg 2.9 0.87 J 1.5
Benzo[e]pyrene uHa/Kg 1.2 0.81 J 1.9
Benzo[a]pyrene pg/Kg 1.2 B 0.48 JB 0.94 JB
Perylene pg/Kg 1.1 U 0.23 J 0.38 J
Indeno[1,2,3-cd]pyrene pg/Kg 0.79 JB 0.67 JB 1.9 B
Dibenz[a,h]anthracene ua/Kg 1.1 U 1.1 U 1.1 U
Benzol[g,h,i]perylene pg/Kg 1.1 B 1.1 U 3.2 B

*Sample jar broken in shipping




Table 1.1.3 PAHS IN 2004 SEDIMENT (CONTINUED)

SAMPLE ID Harris Cove, Eastport |Harris Cove, Eastport [Harris Cove, Eastport |Harris Cove, Eastport
REPLICATE 1 2 3 4

Units Qual Qual Qual Qual
Semi-Volatile Organics by 8270 - SIM
Naphthalene ug/Kg 7.5 6.8 8.4 13
2-Methylnaphthalene pg/Kg 4.3 3.7 5.9 8.9
1-Methylnaphthalene pa/Kg 4.2 1.9 3.5 5.4
Biphenyl pg/Kg 2.4 2.3 2.5 3.2
2,6-Dimethylnaphthalene pag/Kg 5.3 3.4 7.1 45
Acenaphthylene pg/Kg 33 34 39 100
Acenaphthene pa/Kg 6.3 3.1 5.1 12
Fluorene pg/Kg 15 6.0 9.1 20
2,3,5-Trimethylnaphthalene pag/Kg 0.70 J 1.8 2.2 5.1
Phenanthrene pg/Kg 160 B 87 B 140 B 260 B
Anthracene pg/Kg 25 25 33 80
1-Methylphenanthrene pg/Kg 14 13 18 48
Fluoranthene pg/Kg 290 240 350 840
Pyrene ug/Kg 270 210 280 680
Benz[a]anthracene pag/Kg 93 100 130 350
Chrysene pg/Kg 120 B 130 B 170 B 400 B
Benzo[b]fluoranthene pg/Kg 99 120 140 310
Benzo[K]fluoranthene ug/Kg 120 110 140 340
Benzo[e]pyrene pg/Kg 76 79 98 220
Benzo[a]pyrene pg/Kg 100 B 110 B 140 B 350 B
Perylene pg/Kg 25 29 37 88
Indeno[1,2,3-cd]pyrene ug/Kg 69 B 80 B 99 B 240 B
Dibenz[a,h]anthracene pg/Kg 19 B 26 B 34 B 82 B
Benzo[g,h,i]perylene pag/Kg 74 B 83 B 100 B 230 B




Table 1.1.3 PAHS IN 2004 SEDIMENT (CONTINUED)

SAMPLE ID Squirrel I., Boothbay HSquirrel |., Boothbay HSquirrel 1., Boothbay HSquirrel ., Boothbay H
REPLICATE 1 2 3 4

Units Qual Qual Qual Qual
Semi-Volatile Organics by 8270 - SIM
Naphthalene ug/Kg 4.4 1.0 J 0.86 J 0.85 J
2-Methylnaphthalene pg/Kg 0.69 J 0.33 J 0.29 J 0.25 J
1-Methylnaphthalene pa/Kg 0.24 J 0.22 J 0.17 J 0.15 J
Biphenyl pg/Kg 0.38 J 0.34 J 0.34 J 0.34 J
2,6-Dimethylnaphthalene pg/Kg 0.47 J 1.2 U 0.55 J 0.33 J
Acenaphthylene una/Kg 0.32 J 0.18 J 1.1 U 1.2 U
Acenaphthene pg/Kg 0.18 J 0.24 J 1.1 U 1.2 U
Fluorene Ha/Kg 0.43 J 0.28 J 0.24 J 0.19 J
2,3,5-Trimethylnaphthalene pg/Kg 1.2 U 1.2 U 1.1 U 1.2 U
Phenanthrene Ha/Kg 1.4 B 1.4 B 0.30 JB 0.73 JB
Anthracene pg/Kg 0.33 J 0.24 J 1.1 U 0.17 J
1-Methylphenanthrene pag/Kg 0.13 J 0.41 J 1.1 U 0.14 J
Fluoranthene pg/Kg 3.0 1.6 1.1 J 0.98 J
Pyrene pa/Kg 2.7 1.3 1.1 J 0.52 J
Benz[a]anthracene pg/Kg 2.0 1.2 J 1.4 1.2 U
Chrysene ua/Kg 1.8 B 0.93 JB 2.6 B 1.2 U
Benzo[b]fluoranthene ua/Kg 6.6 1.2 U 1.1 U 0.65 J
Benzo[K]fluoranthene pg/Kg 5.4 1.2 U 1.1 U 0.35 J
Benzo[e]pyrene ua/Kg 4.5 1.2 1.1 U 1.2 U
Benzo[a]pyrene pg/Kg 1.4 B 0.87 JB 1.1 U 1.2 U
Perylene pg/Kg 1.2 ) 1.2 U 1.1 U 1.2 U
Indeno[1,2,3-cd]pyrene ug/Kg 4.1 1.2 U 1.1 U 1.2 U
Dibenz[a,h]anthracene pg/Kg 2.0 1.2 U 1.1 U 1.2 U
Benzo[g,h, ]perylene pg/Kg 5.0 1.2 U 1.1 U 1.2 U




Table 1.1.3 PAHS IN 2004 SEDIMENT (CONTINUED)

SAMPLE ID Mast C., Piscataqua R|Mast C., Piscatagua R|Mast C., Piscataqua RlMast C., Piscataqua R
REPLICATE 1 2 3 4

Units Qual Qual Qual Qual
Semi-Volatile Organics by 8270 - SIM
Naphthalene ug/Kg 1.7 2.4 2.0 1.9
2-Methylnaphthalene pg/Kg 0.57 J 0.98 J 1.1 J 1.2
1-Methylnaphthalene ug/Kg 0.30 J 0.76 J 0.61 J 0.37 J
Biphenyl pg/Kg 0.45 J 0.52 J 0.60 J 0.61 J
2,6-Dimethylnaphthalene pg/Kg 6.3 2.4 1.6 1.2
Acenaphthylene pg/Kg 1.3 3.9 3.1 2.4
Acenaphthene pg/Kg 1.2 U 0.62 J 0.43 J 0.33 J
Fluorene pg/Kg 1.2 U 1.3 1.2 J 0.51 J
2,3,5-Trimethylnaphthalene pg/Kg 1.2 U 0.43 J 1.2 U 1.1 U
Phenanthrene pg/Kg 3.4 B 3.7 B 7.8 B 5.2 B
Anthracene pg/Kg 0.69 J 3.5 1.9 2.0
1-Methylphenanthrene pa/Kg 0.45 J 2.3 1.1 J 0.81 J
Fluoranthene pg/Kg 8.1 29 21 13
Pyrene pg/Kg 9.1 31 23 13
Benz[a]anthracene pg/Kg 2.9 17 9.5 6.1
Chrysene ug/Kg 4.8 B 20 B 15 B 10 B
Benzol[b]fluoranthene pg/Kg 7.2 20 16 10
Benzolk]fluoranthene pg/Kg 5.7 17 15 11
Benzole]pyrene pg/Kg 4.4 14 12 7.6
Benzo[a]pyrene pag/Kg 4.4 B 20 B 14 B 8.8 B
Perylene pg/Kg 2.8 6.0 5.5 4.0
Indeno[1,2,3-cd]pyrene pg/Kg 4.1 B 11 B 9.8 B 8.4 B
Dibenz[a,h]anthracene ua/Kg 1.2 JB 3.6 B 2.7 B 2.8 B
Benzol[g,h,i]perylene pg/Kg 4.1 B 11 B 9.9 B 9.1 B




Table 1.1.4 PAHS IN 2004 CLAM TISSUE

SAMPLE ID Squirrel 1., Boothbay Harbor|Squirrel I., Boothbay Harbor|Squirrel I., Boothbay Harbor|[Squirrel I., Boothbay Harbor
REPLICATE 1 2 3 4

Units wet Qual dry wet Qual dry wet Qual dry wet Qual dry
Semi-Volatile Organics by 8270 - SIM
Naphthalene ng/Kg 1.1 U 7.43 0.57 JB 3.05 0.63 JB 3.52 0.65 JB 4.28
2-Methylnaphthalene ng/Kg 0.64 JB 4.32 2.2 B 11.76 0.90 JB 5.03 0.85 JB 5.59
1-Methylnaphthalene ug/Kg 0.57 J 3.85 1.7 9.09 0.68 J 3.80 0.60 J 3.95
Biphenyl Hg/Kg 0.46 J 3.11 0.50 J 2.67 0.29 J 1.62 0.36 J 2.37
2,6-Dimethylnaphthalene png/Kg 2.4 16.22 3.3 17.65 4.3 24.02 7.3 48.03
Acenaphthylene Hg/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 1.1 U 7.24
Acenaphthene ng/Kg 1.1 U 7.43 1.0 U 5.35 0.55 J 3.07 1.1 U 7.24
Fluorene ug/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 0.55 J 3.62
2,3,5-Trimethylnaphthalene ua/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 1.1 U 7.24
Phenanthrene ng/Kg 1.1 JB 7.43 1.8 B 9.63 1.7 B 9.50 1.7 B 11.18
Anthracene ng/Kg 0.89 J 6.01 1.3 6.95 1.2 6.70 0.91 J 5.99
1-Methylphenanthrene ug/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 1.1 U 7.24
Fluoranthene ug/Kg 1.1 U 7.43 1.1 5.88 1.0 U 5.59 1.1 U 7.24
Pyrene ng/Kg 1.1 U 7.43 1.6 8.56 1.0 U 5.59 1.1 U 7.24
Benz[a]anthracene ng/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 1.1 U 7.24
Chrysene ng/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 1.1 U 7.24
Benzo[b]fluoranthene ug/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 5.3 34.87
Benzo[k]fluoranthene ug/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 1.1 U 7.24
Benzo[e]pyrene ng/Kg 1.9 12.84 3.9 20.86 5.6 31.28 3.2 21.05
Benzo[a]pyrene ng/Kg 1.1 U 7.43 29 155.08 38 212.29 1.1 U 7.24
Perylene ng/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 20 131.58
Indeno[1,2,3-cd]pyrene ug/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 1.1 U 7.24
Dibenz[a,h]anthracene pg/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 1.1 U 7.24
Benzo[g,h,i]perylene ng/Kg 1.1 U 7.43 1.0 U 5.35 1.0 U 5.59 1.1 U 7.24
Inorganics
Percent Solids % 14.8 0.148 18.7 0.187 17.9 0.179 15.2 0.152
Percent Lipids % 0.44 0.62 0.82 0.69




Table 1.1.4 PAHS IN 2004 CLAM TISSUE (CONTINUED)

SAMPLE 1D Harris Cove, Eastport Harris Cove, Eastport Harris Cove, Eastport Harris Cove, Eastport
REPLICATE 1 2 3 4

Units wet Qual dry wet Qual dry wet Qual dry wet Qual dry
Semi-Volatile Organics by 8270 - SIM
Naphthalene ng/Kg 0.52 JB 3.42 38 B 253.33 0.38 JB 2.70 0.40 JB 3.28
2-Methylnaphthalene ng/Kg 0.88 JB 5.79 10 B 66.67 0.65 JB 4.61 1.1 JB 9.02
1-Methylnaphthalene ng/Kg 0.57 J 3.75 8.5 56.67 0.52 J 3.69 0.48 J 3.93
Biphenyl ng/Kg 0.37 J 2.43 6.1 40.67 0.49 J 3.48 2.9 23.77
2,6-Dimethylnaphthalene pno/Kg 1.8 11.84 28 186.67 1.2 8.51 0.98 J 8.03
Acenaphthylene Hg/Kg 1.1 U 7.24 190 1266.67 0.51 J 3.62 0.92 J 7.54
Acenaphthene ng/Kg 1.1 U 7.24 36 240.00 1.1 U 7.80 1.1 U 9.02
Fluorene ug/Kg 1.1 U 7.24 120 800.00 0.12 J 0.85 1.1 U 9.02
2,3,5-Trimethylnaphthalene pg/Kg 1.1 U 7.24 30 200.00 1.1 U 7.80 1.1 U 9.02
Phenanthrene ng/Kg 0.93 JB 6.12 1100 B 7333.33 1.0 JB 7.09 1.4 B 11.48
Anthracene ng/Kg 1.5 9.87 710 4733.33 1.2 8.51 1.3 10.66
1-Methylphenanthrene ng/Kg 1.1 U 7.24 280 1866.67 1.1 U 7.80 1.1 U 9.02
Fluoranthene ng/Kg 3.1 20.39 2300 E 15333.33 4.6 32.62 4.9 40.16
Pyrene pg/Kg 2.0 13.16 1300 8666.67 5.0 35.46 5.5 45.08
Benz[a]anthracene ng/Kg 3.4 22.37 940 6266.67 3.2 22.70 2.6 21.31
Chrysene ng/Kg 9.7 B 63.82 990 B 6600.00 3.2 B 22.70 3.7 B 30.33
Benzo[b]fluoranthene ng/Kg 1.1 U 7.24 1300 8666.67 4.5 31.91 8.0 65.57
Benzo[K]fluoranthene pg/Kg 1.1 U 7.24 240 1600.00 2.4 17.02 2.1 17.21
Benzo[e]pyrene png/Kg 1.1 U 7.24 360 2400.00 4.3 30.50 4.4 36.07
Benzo[a]pyrene ng/Kg 1.1 U 7.24 1000 6666.67 4.2 29.79 3.2 26.23
Perylene png/Kg 20 131.58 220 1466.67 18 127.66 25 204.92
Indeno[1,2,3-cd]pyrene ng/Kg 1.1 U 7.24 310 B 2066.67 1.1 U 7.80 1.1 U 9.02
Dibenz[a,h]anthracene pg/Kg 1.1 U 7.24 150 1000.00 1.1 U 7.80 1.1 U 9.02
Benzo[g,h,i]perylene Hg/Kg 1.1 U 7.24 66 B 440.00 1.1 U 7.80 1.1 U 9.02
Inorganics
Percent Solids % 15.2 0.152 15 0.150 14.1 0.141 12.2 0.122
Percent Lipids % 0.67 0.68 0.62 0.43




Table 1.1.4 PAHS IN 2004 CLAM TISSUE (CONTINUED)

SAMPLE ID Navy Pier, Harpswell Navy Pier, Harpswell Navy Pier, Harpswell Navy Pier, Harpswell
REPLICATE 1 2 3 4

Units wet Qual dry wet Qual dry wet Qual dry wet Qual dry
Semi-Volatile Organics by 8270 - SIM
Naphthalene ng/Kg 0.64 JB 4.32 1.1 U 7.43 0.71 JB 4.86 1.1 U 8.46
2-Methylnaphthalene ng/Kg 1.1 U 7.43 0.67 JB 4.53 1.0 U 6.85 1.1 U 8.46
1-Methylnaphthalene ug/Kg 1.1 U 7.43 1.2 8.11 1.0 U 6.85 1.1 U 8.46
Biphenyl ng/Kg 0.62 J 4.19 0.35 J 2.36 0.38 J 2.60 0.53 J 4.08
2,6-Dimethylnaphthalene png/Kg 16 108.11 6.4 43.24 9.9 67.81 7.3 56.15
Acenaphthylene ng/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Acenaphthene ng/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Fluorene ug/Kg 1.1 U 7.43 1.1 U 7.43 0.18 J 1.23 1.1 U 8.46
2,3,5-Trimethylnaphthalene ua/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Phenanthrene png/Kg 1.1 U 7.43 0.47 JB 3.18 1.0 U 6.85 0.60 JB 4.62
Anthracene png/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
1-Methylphenanthrene ug/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Fluoranthene ug/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Pyrene ng/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Benz[a]anthracene Hg/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Chrysene Hg/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Benzo[b]fluoranthene ug/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Benzo[k]fluoranthene uag/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Benzo[e]pyrene ng/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Benzo[a]pyrene Hg/Kg 1.1 U 7.43 1.1 U 7.43 54 369.86 1.1 U 8.46
Perylene ng/Kg 1.1 U 7.43 1.1 U 7.43 5.4 36.99 1.1 U 8.46
Indeno[1,2,3-cd]pyrene ug/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Dibenz[a,h]anthracene ng/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Benzo[g,h,iJperylene ng/Kg 1.1 U 7.43 1.1 U 7.43 1.0 U 6.85 1.1 U 8.46
Inorganics
Percent Solids % 14.8 0.148 14.8 0.148 14.6 0.146 13 0.130
Percent Lipids % 0.76 0.62 0.69 0.49




Table 1.1.4 PAHS IN 2004 CLAM TISSUE (CONTINUED)

SAMPLE ID Mast C., Piscataqua R. Mast C., Piscataqua R. Mast C., Piscataqua R. Mast C., Piscataqua R.
REPLICATE 1 2 3 4

Units wet Qual dry wet Qual dry wet Qual dry wet Qual dry
Semi-Volatile Organics by 8270 - SIM
Naphthalene ng/Kg 1.1 U 7.28 0.54 JB 3.53 0.56 JB 3.44 1.1 U 7.14
2-Methylnaphthalene ng/Kg 0.91 JB 6.03 0.57 JB 3.73 0.63 JB 3.87 0.72 JB 4.68
1-Methylnaphthalene ug/Kg 1.2 7.95 1.0 J 6.54 0.98 J 6.01 0.29 J 1.88
Biphenyl ng/Kg 0.81 J 5.36 0.65 J 4.25 0.79 J 4.85 0.50 J 3.25
2,6-Dimethylnaphthalene png/Kg 2.8 18.54 2.8 18.30 2.5 15.34 3.1 20.13
Acenaphthylene ng/Kg 0.68 J 4.50 0.36 J 2.35 0.87 J 5.34 1.1 U 7.14
Acenaphthene ng/Kg 1.1 U 7.28 1.1 U 7.19 1.1 U 6.75 1.1 U 7.14
Fluorene ug/Kg 1.1 U 7.28 1.1 U 7.19 16 98.16 1.1 U 7.14
2,3,5-Trimethylnaphthalene ua/Kg 1.1 U 7.28 1.1 U 7.19 1.1 U 6.75 1.1 U 7.14
Phenanthrene ng/Kg 1.5 B 9.93 0.92 JB 6.01 1.3 B 7.98 1.4 B 9.09
Anthracene ng/Kg 1.9 12.58 1.2 7.84 1.7 10.43 0.97 J 6.30
1-Methylphenanthrene ug/Kg 1.1 U 7.28 1.1 U 7.19 1.1 U 6.75 1.1 U 7.14
Fluoranthene ng/Kg 4.2 27.81 2.9 18.95 4.3 26.38 4.1 26.62
Pyrene ng/Kg 6.5 43.05 3.2 20.92 4.6 28.22 5.2 33.77
Benz[a]anthracene ng/Kg 2.4 15.89 1.4 9.15 1.6 9.82 2.0 12.99
Chrysene ng/Kg 2.9 B 19.21 2.8 B 18.30 4.3 B 26.38 5.1 B 33.12
Benzo[b]fluoranthene ug/Kg 11 72.85 8.3 54.25 11 67.48 1.1 U 7.14
Benzo[K]fluoranthene ng/Kg 2.3 15.23 1.0 J 6.54 1.8 11.04 1.1 U 7.14
Benzo[e]pyrene ng/Kg 6.4 42.38 2.3 15.03 3.2 19.63 4.2 27.27
Benzo[a]pyrene ng/Kg 2.9 19.21 2.1 13.73 3.2 19.63 4.6 29.87
Perylene ng/Kg 43 284.77 33 215.69 42 257.67 30 194.81
Indeno[1,2,3-cd]pyrene ug/Kg 1.1 U 7.28 1.1 U 7.19 1.1 U 6.75 1.1 U 7.14
Dibenz[a,h]anthracene ua/Kg 1.1 U 7.28 1.1 U 7.19 1.1 U 6.75 1.1 U 7.14
Benzo[g,h,i]perylene ng/Kg 1.1 U 7.28 1.1 U 7.19 1.1 U 6.75 1.1 U 7.14
Inorganics
Percent Solids % 15.1 0.151 15.3 0.153 16.3 0.163 15.4 0.154
Percent Lipids % 0.52 0.45 0.50 0.31




Table 1.1.5 DIOXIN AND FURAN IN 2004 SEDIMENT

DEP ID UPPER ST GEORGE R. UPPER ST GEORGE R. UPPER ST GEORGE R. UPPER ST GEORGE |
REPLICATE 1 2 3 4
ng/Kg ng/Kg ng/Kg ng/Kg
Compound
2,3,7,8-TCDF 0.614 0.476 0.497 0.465
1,2,3,7,8-PeCDF 0.506 0.505 0.43 0.628
2,3,4,7,8-PeCDF < 0.183 0.764 0.959 0.983
1,2,3,4,7,8-HXCDF 0.972 0.621 0.623 0.815
1,2,3,6,7,8-HXCDF 0.797 0.691 0.541 0.919
2,3,4,6,7,8-HXCDF 0.872 0.766 < 0.467 1.09
1,2,3,7,8,9-HxCDF < 0.148 < 0.159 < 0.435 0.384
1,2,3,4,6,7,8-HpCDF 8.46 8.39 10.1 15.8
1,2,3,4,7,8,9-HpCDF 0.395 0.407 0.732 0.981
OCDF 12.8 12.2 76.9 103
2,3,7,8-TCDD 0.144 < 0.17 < 0.392 < 0.176
1,2,3,7,8-PeCDD 0.438 0.583 0.621 0.5
1,2,3,4,7,8-HxCDD 0.888 0.675 0.887 0.917
1,2,3,6,7,8-HxCDD 1.87 1.64 1.34 2.27
1,2,3,7,8,9-HxCDD 1.94 1.67 1.26 1.9
1,2,3,4,6,7,8-HpCDD 37 33.6 30.5 47.8
OCDD 695 625 629 845
Total TEQ (ND=0) 1.932 2.131 2.12 2.64
Total TEQ (ND=DL) 2.038 2.317 2.602 2.816
% Lipids 0 0 0 0
Sample weight (g) 23.5 26.9 23.2 195

% Solids 45.3 42.3 50.7 51.2



Table 1.1.6 DIOXIN AND FURAN IN 2004 CLAM TISSUE

DEP ID UPPER ST GEORGE R. UPPER ST GEORGE R. UPPER ST GEORGE R. UPPER ST GEORGE |
REPLICATE 1 2 3 4
ng/Kg ng/Kg ng/Kg ng/Kg
Compound
2,3,7,8-TCDF 0.112 < 0.0972 < 0.0856 < 0.0728
1,2,3,7,8-PeCDF < 0.0987 < 0.0832 < 0.0994 < 0.0807
2,3,4,7,8-PeCDF 0.109 < 0.0985 < 0.0725 < 0.0676
1,2,3,4,7,8-HxCDF < 0.0791 0.112 < 0.0663 < 0.0684
1,2,3,6,7,8-HXxCDF 0.132 < 0.0643 < 0.0731 < 0.0583
2,3,4,6,7,8-HXCDF 0.0984 0.103 0.0544 < 0.06
1,2,3,7,8,9-HXxCDF < 0.106 < 0.0598 < 0.0521 < 0.052
1,2,3,4,6,7,8-HpCDF 0.202 < 0.0836 < 0.0768 0.152
1,2,3,4,7,8,9-HpCDF 0.139 < 0.0895 < 0.0969 < 0.0888
OCDF 0.522 0.497 < 0.0903 0.338
2,3,7,8-TCDD < 0.0861 < 0.0798 < 0.097 < 0.0961
1,2,3,7,8-PeCDD < 0.102 < 0.0737 < 0.0843 < 0.106
1,2,3,4,7,8-HxCDD 0.148 < 0.0909 < 0.0892 < 0.081
1,2,3,6,7,8-HxCDD 0.0998 0.093 < 0.0769 < 0.0502
1,2,3,7,8,9-HxCDD 0.131 < 0.0721 0.0759 < 0.0534
1,2,3,4,6,7,8-HpCDD < 0.112 0.724 0.424 0.516
OCDD 5.37 7.49 5.62 4.96
Total TEQ (ND=0) 0.1308 0.03877 0.01783 0.007211
Total TEQ (ND=DL) 0.344 0.2859 0.2865 0.2977
% Lipids 0.27 0.354 0.354 0.25
Sample weight (g) 26 25.7 25.7 26

% Solids 16.4 15 16.2 16.6



Table 1.1.7 COPLANAR PCBS IN 2004 SEDIMENT

WHO LIST, Van den Berg et al, 1998

REPLICATE

Compound
3,3'4,4'-Tetrachlorobiphenyl
3,3',4,5-Tetrachlorobiphenyl
2,3,3',4,4'-Pentachlorobiphenyl
2,3,4,4' 5-Pentachlorobiphenyl
2,3',4,4' 5-Pentachlorobiphenyl
2,3',4,4' 5'-Pentachlorobiphenyl
3,3'4,4' 5-Pentachlorobiphenyl
156/157
2,3'4,4'5,5'-Hexachlorobiphenyl
3,3',4,4'5,5'-Hexachlorobiphenyl

77
81
105
114
118
123
126

167
169

2,3,3',4,4',5,5'-Heptachlorobipheny 189

% Lipids
Sample weight (g)
% Solids

AN

N NN N NN

UPPER ST. GEORGE R.
1
ng/Kg

48.3
48.3
67.1
48.3
153
48.3
48.3
48.3
48.3
48.3
48.3

22.9
45.3

N NN NN A

UPPER ST. GEORGE R.
2
ng/Kg

49.6
49.6
126
49.6
293
49.6
49.6
49.6
49.6
49.6
49.6

23.8
42.3

UPPER ST. GEORGE R.
3
ng/Kg

284

49.2
951

63.8
1450
53.2
49.2
71.2
49.2
49.2
49.2

20.1
50.7

UPPER ST. GEORGE R.
4
ng/Kg

309

494
1140
72.5
1740
61.1
49.4
84.2
49.4
494
49.4

19.8
51.2



Table 1.1.8 COPLANAR PCBS IN 2004 CLAM TISSUE

WHO LIST, Van den Berg et al, 1998

DEPID
REPLICATE

Compound

3,344 Tetrachlorobipheny!
3,3,4,5-Tetrachlorobiphenyl
2,3,3,4,4-Pentachlorobiphenyl
2,3,4,4' 5-Pentachlorobiphenyl
2,3'4,4' 5-Pentachlorobiphenyl
2,3'4,4' 5'-Pentachlorobiphenyl
3,3'4,4' 5-Pentachlorobiphenyl
156/157
2,3'4,4'5,5'-Hexachlorobipheny!
3,3'4,4'5,5-Hexachlorobipheny!
2,3,3,4,4'5,5'-Heptachlorobiphenyl

CTEo
% Lipids

Sample weight (g)
% Solids

77
81
105
114
118
123
126

167
169
189

TEF
0.0001
0.0001
0.0001
0.0005
0.0001
0.0001
01
0.0005
0.00001
001
0.0001

N N NN

N N N N NN

UPPER ST. GEORGER.
1
ng/Kg

19.5
195
195
195
29.2
195
19.5
195
19.5
195
19.5

0.27
256
164

I-TE

0.00292

000292

N N NN

N N NN NN

UPPER ST. GEORGER.
2
ng/Kg

19.9
199
19.9
199
3L7
199
19.9
199
19.9
199
19.9

0.354
252
15

I-TE

0.00317

000317

N N N N NN

UPPER ST. GEORGER.
3
ng/Kg

19.6
19.6
22
19.6
442
19.6
19.6
19.6
19.6
19.6
19.6

0.35
25.6
162

I-TE

00022

0.00442

0.00662

N N N N NN

UPPER ST. GEORGER.
4
ng/Kg

19
19
219
19
489
19
19
19
19
19
19

0.251
263
16.6

I-TE

0.00279

0.00489

0.00768
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2.2

2.1

FISH CONSUMPTION ADVISORIES



FISH CONSUMPTION ADVISORIES

Since issuance of a statewide fish consumption advisory for lakes in 1994 because of elevated
levels of mercury, the Maine Bureau of Health has sought additional data for the purpose of
making the advisories less conservative and more specific. At one point, it was thought that it
might be possible to identify a single indicator species that would be a surrogate for all other
species. However, monitoring of multiple species from several lakes showed that there was no 1
or even 2 species always most contaminated among the lakes sampled . Consequently, the
Bureau has decided to gather mercury data from at least 50 lakes for each species. In recent
years, including 2004, DEP requested that the Department of Inland Fisheries and Wildlife
(DIFW) collect 5 fish of certain species in performance of their other duties. It should be noted
that DIFW has its own work that needs to take priority.

In 2004 DIFW gathered samples of various species from 6 lakes (Figure 2.1). Brook trout from
Kennebago Lake were high compared to levels usually found in brook trout, but the trout were
larger than usually sampled as well. Brown trout and rainbow smelt had lower levels than found
in other lakes in the past. All of these results may simply represent the wide natural variability
normally found as well as the small sample size. DEP will need to provide more effort in the
future to meet Bureau of Health desires.
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Figure 2.1 Mercury in fish from Maine lakes

Field ID Species Length (mm) Weight (g) HG (mg/l) % solids
KENNEBAGO L mean brook trout 0.96 20.5
KENNEBAGO-BKT-36 355 432 0.37 22.1
KENNEBAGO-BKT-37 400 716 1.1 18.5
KENNEBAGO-BKT-38 450 1148 1.2 21.5
KENNEBAGO-BKT-42 420 740 1.3 19.8
KENNEBAGO-BKT-43 370 480 0.82 20.7
COLCORD P mean lake trout 0.35 25.0
3182 LKT 1 610 0.31 29.2
3182 LKT 2 525 0.27 24.8
3182 LKT 3 465 0.26 21.1
3182 LKT 4 490 0.54 24.7
CHINA L mean brown trout 0.10 23.4
5448 BNT 1 350 400 0.065 24.5
5448 BNT 2 380 535 0.06 21.3
5448 BNT 3 400 620 0.041 23.5
5448 BNT 4 554 1900 0.24 24.3
BISCAY P mean brown trout 0.16 24.1
5710 BNT 2 500 1220 0.3 22.1
5710 BNT 3 335 400 0.067 25.6
5710 BNT 4 395 750 0.2 25.3
5710 BNT 5 355 525 0.083 23.3
EAGLE L mean round whitefish 0.08 25.2
EAGLE-C-RWF-1 255 135 0.2 24.1
EAGLE-C-RWF-2 304 227 0.05 23.9
EAGLE-C-RWF-3 387 483 0.059 27.5
EAGLE-C-RWF-4 304 240 0.05 25.5
EAGLE-C-RWF-5 426 637 0.034 24.9
EAGLE L mean rainbow smelt 0.094 22.0
EAGLE-L-SLT-C1 109-157 0.094 21.9
EAGLE-L-SLT-C1 DUPE 0.093 22.1
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Executive Summary

We sampled blood from freshwater-based Bald Eagle (Haliaeetus leucocephalus) nestlings in
Maine (2001-2004) to determine dietary exposure to mercury (Hg) and to assess if mercury
exposure might be negatively impacting eagle productivity in Maine. We additionally collected
and analyzed Hg in addled eggs and shed adult feathers to evaluate Hg exposure in adult eagles.
Nestling blood Hg exposure was higher in Maine than most other bald eagle populations sampled
in the US. The few displaying higher levels appear related to high exposure due to a variety of
anthropogenic activities (i.e., dredging, mining, hydroelectric dams) in areas with naturally
abundant mercury in parent material and sediments.

Maine nestling blood Hg concentrations were significantly higher in lacustrine habitats (0.57
0.23 ppm) than riverine habitats (0.41 £ 0.23 ppm). Mercury bioavailability in riverine and
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lacustrine systems as indicated by eagle nestling blood does not appear to have declined since
1991-1992; levels in riverine habitats may have increased. We found evidence of significant
correlations between nestling mercury and site-specific eagle productivity; significant
relationships existed between nestling blood Hg exposure and mean productivity over 3, 5, and
10-year- intervals.

Analysis of adult feathers suggests that adult eagles in Maine, especially those in lacustrine
habitats (41.0 £ 21.8ppm), are highly exposed to Hg in comparison to other populations.
Mercury concentrations in eagle feathers collected at lacustrine-based nests were higher than all
US comparisons available, and were most comparable to a site in British Columbia associated
with a mercury mine. A substantial portion of feather Hg values in our study were within the
exposure range similar to levels found in Sweden in the 1940s due to the broad use of
alkylmercuric compounds in agriculture. The mean mercury concentration in seven eagle eggs
was 0.47 £ 0.25 ppm. Egg Hg concentrations from 2004 do not indicate that Hg bioavailability
has decreased since sampling in the early 1970s. All eagle tissues sampled in this study similarly
indicate that Maine contains higher levels of bioavailable Hg in comparison to most other
regions in the U.S. Short-term growth of eagle nesting numbers inland is not grounds to
speculate that mercury contamination is not a long-term limiting factor for eagle recovery in
interior Maine.

Exposure impact thresholds for eagles are unreported, however relationships between mercury
exposure and productivity in this study suggest that Maine eagles are within the range of
impacts.  Nestling blood profiles indicate that between 19% and 29% of Maine’s eagle
population contains elevated levels of mercury. Forty-three percent of collected eggs were
elevated (>0.5), while 66% of adult feathers were >20 ppm, a level often associated with toxic
effects. Thirty-eight percent of eagle feathers were >40 ppm. Adult and nestling exposure
displayed occasional differences in spatial exposure patterns, and provide different insights into
population exposure. Mercury exposure patterns in eagles were often consistent with patterns
observed in Common Loons despite dietary differences. Bald Eagle nestling blood, adult
feathers, and eggs are suitable monitors of spatial and temporal patterns of mercury exposure.
Recommendations for further study and monitoring are provided.

Research efforts are closely coordinated with biologists from the Maine Department of Inland
Fisheries and Wildlife (MDIFW) and U.S. Fish and Wildlife Service (USFWS) that have
partnered throughout recovery efforts for Bald Eagles in Maine since 1976. Primary field
investigators for this mercury study are affiliated with BioDiversity Research Institute (BRI) and
Florida Power and Light Energy Maine Hydro (FPLE).

The full report is available as a separate file with the SWAT report at
http://www.maine.gov/dep/blwag/docmonitoring/swat/index.htm
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Ambient Biological Monitoring

The Ambient Biological Monitoring section is separate on our website at
http://www.state.me.us/dep/blwag/docmonitoring/biomonitoring/index.htm.
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COPLANAR PCB

In 2004 the SWAT program was again integrated with the Dioxin Monitoring Program (DMP)
that has been in effect since 1988. Fish samples collected at 17 DMP stations for dioxin analyses
were also analyzed for coplanar PCBs in the SWAT program. All non-detects were calculated at
half the detection limit. Dioxin toxic equivalents (DTEh) and coplanar PCB toxic equivalents
(CTEh) were calculated using World Health Organization (1998) toxicity equivalency factors
(TEFs). For comparison with the Bureau of Health (BOH) Fish Tissue Action Levels (FTAL)
for protection of human consumers, the 95" upper confidence limits (95% UCL) were used. The
95%UCL DTEh are compared to the cancer action level, FTALc=1.5 ppt, and the 95%UCL
TTEh (sum of both CTEh and DTEh) are compared to the reproductive and developmental
action level, FTALr=1.8 ppt and both are compared against the potentially lower fish tissue
action level (pFTAL=0.4 ppt) being considered by BOH.

SPECIES CODES
BNT brown trout
EEL eel

LMB largemouth bass
RBT rainbow trout
SMB smallmouth bass
WHP white perch
WHS white sucker

STATION CODES

AGL Androscoggin River at Gilead

ARP  Androscoggin River at Rumford Point
ARF  Androscoggin River at Rumford
ARY Androscoggin River at Riley

AGI  Androscoggin River at GIP, Auburn
ALV Androscoggin River at Livermore Falls
ALS Androscoggin River at Lisbon Falls
ALW Androscoggin Lake at Wayne

KNW Kennebec River at Norridgewock
KFF  Kennebec River at Shawmut, Fairfield
KRS Kennebec River at Sidney

PBW Penobscot River at Woodville

PBL Penobscot River at S Lincoln

PBV Penobscot River at Veazie

SEN E Br Sebasticook at Newport

SED E Br Sebasticook at Detroit

SWP W Br Sebasticook at Palmyra

SEB  Sebasticook River at Burnham
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Figure 3.2.2. Dioxin (DTE) ans coplanar PCB (CTE) toxic equivalents in white suckers from the
Androscoggin (Axy), Kennebec (Kxy), and Penobscot (PBY) rivers, 2004.
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Dioxins in rainbow trout at Gilead and in bass from three locations on the Sebasticook River
were measured as part of the SWAT program but previously included in the 2004 final report of
Maine’s Dioxin Monitoring Program (DMP) available at
http://www.maine.gov/dep/blwg/docmonitoring/dioxin/index.htm
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RAW COPLANAR PCB DATA

DEP ID AGL RBT 1 AGL RBT 4 AGL RBT 5 AGL RBT 6 AGL RBT 7 AGL RBT
ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
PCB IUPAC #
77 < 19.6 < 19.8 < 19.7 < 19.8 < 19.9
81 < 19.6 < 19.8 < 19.7 < 19.8 < 19.9
105 357 288 326 490 278
114 23.4 20.7 245 35.4 < 19.9
118 1050 874 1070 1560 803
123 < 19.6 < 19.8 < 19.7 30.6 < 19.9
126 < 19.6 < 19.8 < 19.7 < 19.8 < 19.9
156/157 284 224 328 526 256
167 160 134 194 245 115
169 < 19.6 < 19.8 < 19.7 < 19.8 < 19.9
189 68.5 60.1 91.7 136 59.6

CTEo 0.3035 0.246 0.3269 0.5048 0.2433 0.325

CTEd 2.469 2.429 2.505 2.684 2.443 2.506
CTEh 1.39 1.34 1.42 1.59 1.34 1.42
CTEh sd 0.11
CTEh confidence 0.09
CTEh 95 UCL 1.51
% FTAL 101

% Lipids 2.46 2.52 2.34 2.7 0.84 2.2
% Solids 25.2 23.9 24.3 25.3 23.6 24.5

DEP ID
PCB IUPAC #

77
81
105
114
118
123
126

167
169
189

CTEo
CTEd
CTEh
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL

% Lipids
% Solids
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DEP ID ARP-SMB-C1 ARP-SMB-C2 ARP-SMB-C3 ARP-SMB-C4 ARP-SMB-Ct ARP-SMB

PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg
77 < 19.7 < 19.7 24.3 22.2 < 19.9
81 < 19.7 < 19.7 < 19.9 < 19.7 < 19.9
105 426 402 529 523 472
114 27.7 29.3 40.6 37 35.6
118 1320 1270 1740 1650 1540
123 < 19.7 19.7 21.3 22.3 25.2
126 < 19.7 < 19.7 < 19.9 < 19.7 < 19.9
156/157 449 419 606 547 567
167 232 207 290 269 280
169 < 19.7 < 19.7 < 19.9 < 19.7 < 19.9
189 109 108 152 139 144
CTEo 0.4259 0.4062 0.5731 0.53 0.5218
CTEd 2.601 2.574 2.761 2.703 2.71
CTEh 1.51 1.49 1.67 1.62 1.62
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL
% Lipids 1.21 1.07 2.12 2.31 1.53
% Solids
DEP ID ARP-SMB-C6 ARP-SMB-C7 ARP-SMB-C8 ARP-SMB-C9 ARP-SMB-C10
PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg
77 32.9 19.8 < 19.7 21.1 < 19.7
81 < 19.7 < 19.6 < 19.7 < 19.7 < 19.7
105 769 399 369 594 471
114 55.5 31.1 28.7 44.8 36.4
118 2440 1350 1270 1970 1560
123 37.3 < 19.6 21.9 25.6 22.6
126 < 19.7 < 19.6 < 19.7 < 19.7 < 19.7
831 487 424 650 579
167 410 266 233 337 306
169 < 19.7 < 19.6 < 19.7 < 19.7 < 19.7
189 222 121 119 167 142
CTEo 0.7975 0.4508 0.4068 0.6291 0.5305 0.527
CTEd 2.967 2.606 2.583 2.802 2.701 2.70
CTEh 1.88 1.53 1.49 1.72 1.62 1.61
CTEh sd 0.12
CTEh confidence 0.08
CTEh 95 UCL 1.69
% FTAL 113
% Lipids 2.22 2.11 2.17 1.86 1.33 1.8
% Solids 23 23 23.1 22.3 22.4 22.8
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DEP ID ARF SMBC1 ARF SMBC2 ARF SMBC3 ARF SMBC4 ARF SMBC5 ARF SMB

PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 < 19.6 < 19.9 < 20 < 19.6 < 19.5
81 < 19.6 < 19.9 < 20 < 19.6 < 19.5
105 72 73.7 115 84.2 142
114 < 19.6 < 19.9 < 20 < 19.6 < 19.5
118 184 204 309 237 434
123 < 19.6 < 19.9 < 20 < 19.6 < 19.5
126 < 19.6 < 19.9 < 20 < 19.6 < 19.5
156/157 45.1 55.3 75.6 65.2 108
167 19.9 25.2 31.4 29.1 52.2
169 < 19.6 < 19.9 < 20 < 19.6 < 19.5
189 < 19.6 < 19.9 < 20 < 19.6 24.8
CTEo 0.0483 0.05569 0.08054 0.06501 0.1144
CTEd 2.22 2.267 2.295 2.243 2.275
CTEh 1.13 1.16 1.19 1.15 1.19
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL
% Lipids 0.433 0.583 0.575 0.573 1
% Solids 22 21.5 22.1 21.7 21.2
DEP ID ARF SMBC6 ARF SMBC7 ARF SMBC8 ARF SMBC9 ARF SMBC1( ARF SMB
PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 < 19.6 < 19.9 < 19.6 < 19.7 < 19.7
81 < 19.6 < 19.9 < 19.6 < 19.7 < 19.7
105 88.3 128 147 99.1 124
114 < 19.6 < 19.9 < 19.6 < 19.7 < 19.7
118 242 395 424 294 393
123 < 19.6 < 19.9 < 19.6 < 19.7 < 19.7
126 < 19.6 < 19.9 < 19.6 < 19.7 < 19.7
62.4 102 121 90.6 113
167 28.5 52.8 53.3 48 53
169 < 19.6 < 19.9 < 19.6 < 19.7 < 19.7
189 < 19.6 21.5 22.5 21 21.7
CTEo 0.06448 0.1062 0.1205 0.08717 0.111 0.085
CTEd 2.237 2.31 2.29 2.266 2.295 2.270
CTEh 1.15 1.21 1.21 1.18 1.20 1.18
CTEh sd 0.03
CTEh confidence 0.02
CTEh 95 UCL 1.19
% FTAL 80
% Lipids 0.76 0.71 0.43 0.85 0.8 0.7
% Solids 21.3 21.7 20.7 21.6 22 21.6
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DEP ID ARY SMBC1 ARY SMBC2 ARY SMBC3 ARY SMBC4 ARY SMBC5 ARY SMB

PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 < 19.7 < 20 < 20 < 19.7 < 19.6
81 < 19.7 < 20 < 20 < 19.7 < 19.6
105 101 130 82.2 129 131
114 < 19.7 < 20 < 20 < 19.7 < 19.6
118 357 466 300 437 442
123 < 19.7 < 20 < 20 < 19.7 < 19.6
126 < 19.7 < 20 < 20 < 19.7 < 19.6
156/157 102 113 81.3 105 121
167 49.8 54.3 40 47.8 54.7
169 < 19.7 < 20 < 20 < 19.7 < 19.6
189 < 19.7 20.7 < 20 < 19.7 20.9
CTEo 0.0975 0.1187 0.07922 0.1097 0.1206
CTEd 2.285 2.334 2.297 2.291 2.297
CTEh 1.19 1.23 1.19 1.20 1.21
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL
% Lipids 0.19 0.33 0.21 0.75 1.12
% Solids 20.6 21.4 19.7 20.1 20.1
DEP ID ARY SMBC6 ARY SMBC7 ARY SMBC8 ARY SMBC9 ARY SMBC10
PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg
77 < 19.8 < 20 < 19.8 < 19.9 < 19.8

81 < 19.8 < 20 < 19.8 < 19.9 < 19.8
105 82 75.9 185 95.3 155
114 < 19.8 < 20 < 19.8 < 19.9 < 19.8
118 296 300 648 332 415
123 < 19.8 < 20 < 19.8 < 19.9 < 19.8
126 < 19.8 < 20 < 19.8 < 19.9 < 19.8
76.9 89.7 175 90.1 95.1
167 33.7 35.1 70 39.3 27.6
169 < 19.8 < 20 < 19.8 < 19.9 < 19.8
189 < 19.8 < 20 30.5 < 19.9 < 19.8
CTEo 0.07661 0.08277 0.1748 0.08817 0.1049 0.105
CTEd 2.272 2.299 2.364 2.292 2.303 2.303
CTEh 1.17 1.19 1.27 1.19 1.20 1.204
CTEh sd 0.03
CTEh confidence 0.02
CTEh 95 UCL 1.22
% FTAL 81
% Lipids 0.19 0.69 1.35 0.7 0.58 0.61
% Solids 20.8 195 20.7 19.8 20 20.3
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DEP ID ALV SMBC1 ALV SMBC2 ALV SMBC3 ALV SMBC4 ALV SMBC5 ALV SMB

PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 < 19.6 < 19.8 < 19.9 < 20 < 19.9
81 < 19.6 < 19.8 < 19.9 < 20 < 19.9
105 50 42.1 53.1 62.2 33.6
114 < 19.6 < 19.8 < 19.9 < 20 < 19.9
118 158 135 180 206 93.1
123 < 19.6 < 19.8 < 19.9 < 20 < 19.9
126 < 19.6 < 19.8 < 19.9 < 20 < 19.9
156/157 51.1 47.7 60.5 74.2 30.3
167 27.4 25.5 35.4 42.8 < 19.9
169 < 19.6 < 19.8 < 19.9 < 20 < 19.9
189 < 19.6 < 19.8 < 19.9 < 20 < 19.9
CTEo 0.0466 0.04177 0.05396 0.06432 0.02784
CTEd 2.224 2.243 2.262 2.281 2.235
CTEh 1.14 1.14 1.16 1.17 1.13
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL
% Lipids 0.61 0.613 0.569 0.329 0.498
% Solids 20.3 20.4 20.7 20.4 20.4

DEP ID SNALVY SMBC6 ALV SMBC7 ALV SMBC8 ALV SMBC9 ALV SMBC10

PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg
77 < 19.9 < 19.8 < 20 < 19.9 < 194
81 < 19.9 < 19.8 < 20 < 19.9 < 19.4
105 46.8 63.3 160 112 31.2
114 < 19.9 < 19.8 < 20 < 19.9 < 194
118 135 204 461 368 99.4
123 < 19.9 < 19.8 < 20 < 19.9 < 194
126 < 19.9 < 19.8 < 20 < 19.9 < 194
46.5 69.9 142 113 33.8
167 27.4 41.9 85 66.9 < 194
169 < 19.9 < 19.8 < 20 < 19.9 < 194
189 < 19.9 < 19.8 34.1 26 < 194
CTEo 0.04175 0.06215 0.1372 0.1079 0.02996 0.061
CTEd 2.245 2.259 2.349 2.311 2.179 2.259
CTEh 1.14 1.16 1.24 1.21 1.10 1.160
CTEh sd 0.04
CTEh confidence 0.02
CTEh 95 UCL 1.19
% FTAL 79
% Lipids 0.53 0.393 0.384 0.512 0.248 0.5
% Solids 20.1 16.9 19 19.8 21.7 20.0
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DEP ID
PCB IUPAC #

77
81
105
114
118
123
126
156/157
167
169
189

CTEo
CTEd
CTEh
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL

% Lipids
% Solids

DEP ID
PCB IUPAC #

77
81
105
114
118
123
126

167
169
189

CTEo
CTEd
CTEh
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL

% Lipids
% Solids

AGI-SMB-01
ng/Kg

19.8
19.8
128
19.8
449
19.8
19.8
232
144
19.8
46.1

0.1796
2.376
1.28

1.42
234

ALW SMBC1
ng/Kg

19.6
19.6
161
19.6
501
19.6
19.6
181
107
19.6
43.3

0.162
2.335
1.25

0.442
20

AGI-SMB-04
ng/Kg

19.7
19.7
193
19.7
675
19.7
19.7
326
183
19.7
88.4

0.2602
2.439
1.35

0.481
21.2

ALW SMBC6
ng/Kg

20
20
212
20
663
20
20
262
159
20
61.4

0.2261
2.439
1.33

0.61
194

AGI-SMB-05

ALW SMB

3.13

ng/Kg

19.7
19.7
350
26.3
1220
19.7
19.7
328
174
19.7
70.1

0.3424
2.515
1.43

1.11
22.7

ave

0.194
2.387
1.29
0.06
0.08
1.37
92

0.5
19.7

AGI-SMB
ave

0.261
2.443
1.35
0.08
0.10
1.46
97

1.0
22.4

ALW-WHP-01
ng/Kg

19.7
19.7
192
19.7
534
19.7
19.7
201
92.6
19.7
54.8

0.1795
2.366
1.27

0.77
21.6



DEP ID
PCB IUPAC #

77
81
105
114
118
123
126
156/157
167
169
189

CTEo
CTEd
CTEh
CTEhsd
CTEh confidence
CTEh 95 UCL
% FTAL

% Lipids
% Solids

ASIVAY

ALS-SMB-1
ng/Kg

20
20
606
43.4
1500
33.4
20
427
138
20
24.5

0.4527
2.653
1.55

0.897
22.3

N N

ALS-SMB-2
ng/Kg

19.7
19.7
398
27.9
1270
23.2
19.7
271
125
19.7
35.3

0.3239
2.49
1.41

0.48
21.3

ALS-SMB-3
ng/Kg

19.9
19.9
413
27.3
1390
19.9
19.9
314
139
19.9
42.8

0.3567

2.554
1.46

0.93
217

3.14

ALS-SMB-4
ng/Kg

25.8
19.8
413
29.8
1200
19.8
19.8
272
114
19.8
29.6

0.3193
2.501
1.41

0.555
21.3

ALS-SMB-5 ALS-SMB

ng/Kg

24.3
19.6
458
29.2
1300
19.6
19.6
295
112
19.6
27.5

0.3445
2.509
1.43

0.855
22.2

ave

0.359

2.541

1.450
0.06
0.05
1.50
100

0.7
21.8



DEP ID KNW SMBC1 KNW SMBC4 KNW SMBC7 KNW SMBC10 KNW SMBC1: KNW SMB

ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg
PCB IUPAC #
77 < 19.9 < 19.7 < 19.9 < 19.8 < 19.8
81 < 19.9 < 19.7 < 19.9 < 19.8 < 19.8
105 29.8 21.9 35.8 324 28.5
114 < 19.9 < 19.7 < 19.9 < 19.8 < 19.8
118 86.1 67.2 110 94.7 77.4
123 < 19.9 < 19.7 < 19.9 < 19.8 < 19.8
126 < 19.9 < 19.7 < 19.9 < 19.8 < 19.8
156/157 < 19.9 < 19.7 20.2 < 19.8 < 19.8
167 < 19.9 < 19.7 < 19.9 < 19.8 < 19.8
169 < 19.9 < 19.7 < 19.9 < 19.8 < 19.8
189 < 19.9 < 19.7 < 19.9 < 19.8 < 19.8
CTEO 0.01159 0.008918 0.0247 0.0127 0.01058
CTEd 2.226 2.199 2.227 2.223 2.211
CTEh 1.12 1.10 1.13 1.12 1.11
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL
% Lipids 0.64 0.79 0.63 0.82 0.16
% Solids 22.5 21.5 22.5 21.6 20.5
DEP ID KNW SMBC16 KNW SMBC19 KNW SMBC22 KNW SMBC25 KNW SMBC28
PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg
77 < 19.5 < 19.6 < 19.9 < 19.9 < 19.9
81 < 19.5 < 19.6 < 19.9 < 19.9 < 19.9
105 37 < 19.6 38.3 < 19.9 62
114 < 19.5 < 19.6 < 19.9 < 19.9 < 19.9
118 102 49.4 101 36.2 162
123 < 19.5 < 19.6 < 19.9 < 19.9 < 19.9
126 < 19.5 < 19.6 < 19.9 < 19.9 < 19.9
21.1 < 19.6 < 19.9 < 19.9 33.3
167 < 19.5 < 19.6 < 19.9 < 19.9 < 19.9
169 < 19.5 < 19.6 < 19.9 < 19.9 < 19.9
189 < 19.5 < 19.6 < 19.9 < 19.9 < 19.9
CTEo 0.02441 0.004936 0.01394 0.003616 0.03904 0.015
CTEd 2.185 2.189 2.232 2.221 2.244 2.216
CTEh 1.10 1.10 1.12 1.11 1.14 1.116
CTEh sd 0.01
CTEh confidence 0.01
CTEh 95 UCL 1.12
% FTAL 75
% Lipids 0.23 0.65 0.67 0.66 0.85 0.61
% Solids 21.6 21.6 21.4 21.8 21.5 21.7
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DEP ID
PCB IUPAC #

77
81
105
114
118
123
126
156/157
167
169
189

CTEo
CTEd
CTEh
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL

% Lipids
% Solids

DEP ID
PCB IUPAC #

77

81
105
114
118
123
126

167
169
189

CTEo
CTEd
CTEh
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL

% Lipids
% Solids

ANAY

ALY

ANAY

N

ANNNNANNANNA

KFF SMBC1
ng/Kg

20
20
55.4
20
158
20
20
28.9
20
20
20

0.0358
2.249
1.14

0.768
235

KFF SMBC6
ng/Kg

20
20
36.8
20
95.5
20
20
20
20
20
20

0.01323
2.237
1.13

1.04
22.7

ARAY

ANVAY

N

ANNNNNANA

KFF SMBC2
ng/Kg

19.8
19.8
68.3
19.8
199
19.8
19.8
351
19.8
19.8
19.8

0.04428
2.241
1.14

23.2

KFF SMBC7
ng/Kg

20
20
32.8
20
91.4
20
20
20
20
20
20

0.01242
2.235
1.12

0.865
224

N

ANNNNANNANA

ALY

KFF SMBC3
ng/Kg

19.8
19.8
31.2
19.8
83.4
19.8
19.8
19.8
19.8
19.8
19.8

0.01145
2.22
1.12

0.525
22.2

KFF SMBC8
ng/Kg

19.9
19.9
60.5
19.9
160
19.9
19.9
29.7
19.9
19.9
19.9

0.03695

2.243
1.14

1.37
22.6

3.16

A

ANNNNANNANNA

A

ANNNNANNANNA

KFF SMBC4
ng/Kg

19.9
19.9
29.6
19.9
81.7
19.9
19.9
19.9
19.9
19.9
19.9

0.01113
2.231
1.12

1.05
21.9

KFF SMBC9
ng/Kg

19.9
19.9
39.7
19.9
101
19.9
19.9
19.9
19.9
19.9
19.9

0.01405
2.232
1.12

131
22.3

KFF SMBC5 KFF SMB

ng/Kg

< 19.6
< 19.6
59.1

< 19.6
169

< 19.6
< 19.6
32.1

< 19.6
< 19.6
< 19.6

0.03889

2.216

1.13

1
23.7
KFF SMBC10

ng/Kg

< 19.9
< 19.9
52.7

< 19.9
143

< 19.9
< 19.9
32.1

< 19.9
< 19.9
< 19.9

0.03563

2.246

1.14

0.98

22

ave

0.025
2.235
1.130
0.01
0.01
114
76

1.0
22.7



DEP ID

PCB IUPAC #
77
81
105
114
118
123
126
156/157
167
169
189

CTEo
CTEd
CTEh
CTEhsd
CTEh confidence
CTEh 95 UCL
% FTAL

% Lipids
% Solids

PBW SMBC1 PBW SMBCeE PBW SMB

ng/Kg

19.6
19.6
315
19.6
110
19.6
19.6
334
19.6
19.6
19.6

0.03082
2.21
1.12

0.37
21

ng/Kg

19.9
19.9
30
19.9
103
19.9
19.9
30.6
19.9
19.9
19.9

0.02865
2.233
1.13

0.52
20.1

ave

0.030
2.222

1.13
0.01
0.01
1.14
76

0.4
20.6

3.17

PBL SMBC1
ng/Kg

20
20
112
20
327
20
20
97.1
48.7
20
23

0.09518
2.309

1.20

1.51
20.9

N

PBL SMBC6 PBL SMB

ng/Kg

19.8
19.8
136
19.8
314
19.8
19.8
74.1
27.3
19.8
19.8

0.08228

2.28
1.18

0.82
20.4

ave

0.089
2.295
1.19
0.01
0.02
1.21
81

1.2
20.7



DEP ID PBC SMBC1 PBC SMBC3 PBC SMBC5 PBC SMBC7 PBC SMBC9 PBC SMB

PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 < 19.5 < 19.8 < 20 < 19.5 < 19.7
81 < 19.5 < 19.8 < 20 < 19.5 < 19.7
105 125 54.4 54.3 67 72.2
114 < 19.5 < 19.8 < 20 < 19.5 < 19.7
118 311 142 130 168 197
123 < 19.5 < 19.8 < 20 < 19.5 < 19.7
126 < 19.5 < 19.8 < 20 < 19.5 < 19.7
156/157 60.1 28.7 28 32.6 38.8
167 19.9 < 19.8 < 20 < 19.5 < 19.7
169 < 19.5 < 19.8 < 20 < 19.5 < 19.7
189 < 19.5 < 19.8 < 20 < 19.5 < 19.7
CTEo 0.07388 0.03401 0.03244 0.03985 0.04636
CTEd 2.241 2.235 2.247 2.208 2.236
CTEh 1.16 1.13 1.14 1.12 1.14
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL
% Lipids 0.78 0.49 0.25 0.72 0.43
% Solids 21.3 21.5 215 221 21
DEP ID PBC SMBC11 PBC SMBC13 PBC SMBC15 PBC SMBC17 PBC SMBC1¢ PBC SMB
PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 < 19.7 < 19.8 < 19.8 < 19.9 < 19.5
81 < 19.7 < 19.8 < 19.8 < 19.9 < 19.5
105 132 46.3 79.2 64.3 < 19.5
114 < 19.7 < 19.8 < 19.8 < 19.9 < 19.5
118 345 123 209 158 23.1
123 < 19.7 < 19.8 < 19.8 < 19.9 < 19.5
126 < 19.7 < 19.8 < 19.8 < 19.9 < 19.5
62.6 23.6 38 30.8 < 19.5
167 23.2 < 19.8 < 19.8 < 19.9 < 19.5
169 < 19.7 < 19.8 < 19.8 < 19.9 < 19.5
189 < 19.7 < 19.8 < 19.8 < 19.9 < 19.5
CTEo 0.07918 0.0287 0.04777 0.03759 0.002313 0.042
CTEd 2.269 2.221 2.239 2.24 2.181 2.232
CTEh 1.17 1.12 1.14 1.14 1.09 1.14
CTEh sd 0.02
CTEh confidence 0.01
CTEh 95 UCL 1.15
% FTAL 77
% Lipids 0.23 0.37 0.48 0.42 0.44 0.5
% Solids 21.5 20.4 22.7 21.4 21.3 21.5
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DEP ID PBY SMBC1 PBV SMBC3 PBV SMBC5 PBV SMBC7 PBV SMBC9 PBV SMB

PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 < 19.8 < 19.9 < 19.6 < 20 < 19.8
81 < 19.8 < 19.9 < 19.6 < 20 < 19.8
105 376 693 325 164 214
114 30.1 55.4 27 < 20 < 19.8
118 1180 1940 916 467 574
123 < 19.8 34.8 < 19.6 < 20 < 19.8
126 < 19.8 < 19.9 < 19.6 < 20 < 19.8
156/157 310 427 184 93.1 139
167 110 156 67.6 33.5 51
169 < 19.8 < 19.9 < 19.6 < 20 < 19.8
189 49 65 20.5 < 20 < 19.8
CTEo 0.3314 0.5158 0.2322 0.11 0.1488
CTEd 2.514 2.708 2.398 2.326 2.347
CTEh 1.42 1.61 1.32 1.22 1.25
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL
% Lipids 0.42 0.66 0.26 0.59 0.65
% Solids 21.3 22.6 22.3 22.3 22.4
DEP ID PBV SMBC11 PBV SMBC13 PBV SMBC15 PBV SMBC17 PBV SMBC1¢ PBV SMB
PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 < 19.7 < 20 < 19.9 < 19.5 < 19.6
81 < 19.7 < 20 < 19.9 < 19.5 < 19.6
105 713 201 120 151 104
114 43.9 < 20 < 19.9 < 19.5 < 19.6
118 1910 568 376 495 282
123 32.8 < 20 < 19.9 < 19.5 < 19.6
126 < 19.7 < 20 < 19.9 < 19.5 < 19.6
392 114 107 109 54.9
167 118 46.9 34.3 40.4 19.9
169 < 19.7 < 20 < 19.9 < 19.5 < 19.6
189 28 < 20 < 19.9 < 19.5 < 19.6
CTEo 0.4873 0.1343 0.1036 0.1195 0.06623 0.225
CTEd 2.662 2.35 2.311 2.286 2.235 2.414
CTEh 1.57 1.24 1.21 1.20 1.15 1.32
CTEh sd 0.16
CTEh confidence 0.10
CTEh 95 UCL 1.42
% FTAL 95
% Lipids 0.63 1.86 0.57 0.72 0.81 0.7
% Solids 21.5 22.7 21.6 21.2 21.6 22.0
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DEP ID

PCB IUPAC #

77

81

105
114
118
123
126

156/157

167
169
189

CTEo
CTEd
CTEh
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL

% Lipids
% Solids

DEP ID
PCB IUPAC #

77
81
105
114
118
123
126

167
169
189

CTEo
CTEd
CTEh
CTEh sd
CTEh confidence
CTEh 95 UCL
% FTAL

% Lipids
% Solids

SEN-SMB-1
ng/Kg

65.9
19.7
926
59.6
3590
56.5
27.1
512
360
19.7
47.1

3.471
3.669
3.57

1.88
22.7

SLN SMB 1
ng/Kg

41.7
30.3
354
30.3
2140
30.3
30.3
297
137
30.3
30.3

0.419
3.759
2.09

1.07
21.6

SEN-SMB-2
ng/Kg

38.9
19.9
507
33.1
2100
19.9
19.9
323
222
19.9
34.9

0.4479
2.637
1.54

1.29
21.8

SLN SMB 2
ng/Kg

19.6
19.6
110
19.6
640
19.6
19.6
90.9
40.4
19.6
19.6

0.1208
2.296
1.21

0.97
22

SEN-SMB-3
ng/Kg

42.4
19.5
714
52
3310
57.5
26.1
400
293
19.5
44.2

3.252
3.449
3.35

0.666
20.7

SLN SMB 3
ng/Kg

68
24.7
544
26.8

3000
38.9
32.9
456
207
24.7
43.1

3.903

4.153
4.03

2.25
231

3.20

SEN-SMB-4
ng/Kg

50.6
19.9
710
53.1
2890
42
28.4
411
214
19.9
21.9

3.45
3.651
3.55

1.49
22

SLN SMB 4
ng/Kg

39.4
20
571
45.3
3480
51.4
20
463
248
20
27.8

0.674
2.871
1.77

131
21.9

SEN-SMB-5 SEN-SMB

ng/Kg

43.3
19.9
576
42.1
2280
32.7
26.3
370
181
19.9
20

3.133
3.334
3.23

1.24
23.4

SLN SMB5 SLN SMB

ng/Kg

83.5
19.9
989
76
5780
95.9
19.9
738
381
19.9
47.3

1.11
3.305
2.21

4.12
23.9

ave

2.751
3.348
3.05
0.85
0.75
3.80
253

1.3
221

ave

1.245
3.277
2.26
1.06
0.93
3.19
213

1.9
225



DEP ID SWPSMB1 SWPSMB2 SWPSMB3 SWPSMB4 SWPSMB5 SWP SMB

PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 < 19.9 19.9 < 19.8 19.7 46.5
81 < 19.9 < 194 < 19.8 < 19.6 < 19.7
105 2660 851 265 363 5880
114 173 62.4 22.3 26.7 351
118 8260 3470 1780 1980 20300
123 109 37.4 < 19.8 < 19.6 222
126 < 19.9 < 19.4 < 19.8 < 19.6 < 19.7
156/157 2220 522 355 248 3270
167 858 220 173 131 1240
169 < 19.9 < 19.4 < 19.8 < 19.6 < 19.7
189 109 32.9 48.3 29.2 141
CTEo 2.318 0.7355 0.4 0.3778 4.478 1.662
CTEd 4513 2.876 2.583 2.543 6.651 3.833
CTEh 3.42 1.81 1.49 1.46 5.56 2.75
CTEhsd 1.77
CTEh confidence 1.55
CTEh 95 UCL 4.30
% FTAL 286
% Lipids 1.22 0.74 0.54 1.42 1.66 1.1
% Solids 22 21.7 18.9 22.6 23.6 21.8
DEP ID SEB SMB-1 SEB SMB-2 SEB SMB-3 SEB SMB-4 SEB SMB-5 SEB SMB
PCB IUPAC # ng/Kg ng/Kg ng/Kg ng/Kg ng/Kg ave
77 70.7 < 19.7 a7 43.7 < 19.3
81 < 19.8 < 19.7 < 19.7 < 19.7 < 19.3
105 517 217 403 649 197
114 442 < 19.7 325 50 < 19.3
118 1860 903 2150 3130 862
123 325 < 19.7 29.4 43.5 < 19.3
126 < 19.8 < 19.7 < 19.7 24.4 < 19.3
249 173 289 457 140
167 109 80.6 150 231 69.7
169 < 19.8 < 19.7 < 19.7 < 19.7 < 19.3
189 21.6 < 19.7 28.6 40.4 < 19.3
CTEo 0.398 0.1992 0.4284 3.089 0.1764 0.858
CTEd 2.581 2.379 2.593 3.288 2.318 2.632
CTEh 1.49 1.29 1.51 3.19 1.25 1.75
CTEh sd 0.82
CTEh confidence 0.71
CTEh 95 UCL 2.46
% FTAL 164
% Lipids 15 0.557 2.1 1.89 1.32 1.5
% Solids 23.4 22 25.6 25.1 23.9 24.0
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STRIPED BASS AND BLUEFISH

The current fish consumption advisory issued by the Bureau of Health for striped bass and
bluefish recommends consumption of no more than 2 meals per month driven by total PCB
concentrations. DEP had total PCB data from 1995 to 2002 in striped bass along the Maine
Coast (Table 3.2.2). Tissue from fish collected from 1995 were analyzed by the Midwestern
Research Institute (MRI) by homologue analysis. The fish collected in 1996 to 2001 were
analyzed by the Environmental Chemistry Lab (University of Maine at Orono) by homologue
analysis. Fish collected in 2002 were analyzed by GERG at Texas A&M by analyzing all 209
congeners (some fish were analyzed by both methods). Data usually represent a mean of 5
individual fish.

In 2004 5 striped bass and 5 bluefish were collected from a number of rivers and analyzed by
Pace Analytical Services (PAS) for all 209 congeners. Given the wide variation from year-to-
year and lab-to-lab, to help compare past and present data 5 samples were split between GERG
and PAS. Preliminary results show that the GERG results are all lower by an average of 28%,
which is within the acceptable 30% relative percent difference data quality objective, although
they were all biased low. But those were done by low resolution and would be expected to be
lower than the high resolution analysis used by PAS since non-detects were taken at zero. The
high resolution results from GERG are not yet available because the machine is down.

Comparison of the 2004 PCB levels for striped bass show concentrations are similar to those
measured in 2002 but significantly higher than those measured earlier. For bluefish where there
are fewer data, concentrations in 2004 were similar to those from 2001 and 2002 but
significantly higher than those measured earlier. Given the measurement of all 209 congeners
since 2002, it is likely those data are more accurate.  All samples exceeded the Bureau of
Health’s FTAL (11 ppb) and most by a great amount.

3.22



Table 3.2.2 PCBs in marine fish from Maine estuaries, ppb average (95 ucl on the mean)

striped bass Androscoggin Kennebec Penobscot

Year
1995
1997
1998
1999
2000
2001
2002
2003
2004

41 (43)
60 (72)
288

201

170

84
279

211

bluefish  Androscoggin Kennebec Penobscot

Year
1995
1997
1998
1999
2000
2001
2002
2003
2004

48.8

276
232

3.23

Royal Sheepscot
24 (28)
149
152
Royal Sheepscot
63.4 alewife

Saco Scarboro
12.2 30.3
25 (32)
135
Saco Scarboro
42.2
320
161

York

64
103

147

York



2004 Raw Data

Field ID Species Length (mm)  Weight (g) PCB ppb % solids

ANDROSCOGGIN R mean
ANDRO-R-STB-1
ANDRO-R-STB-2
ANDRO-R-STB-3
ANDRO-R-STB-4
ANDRO-R-STB-5

KENNEBEC R mean
KAG-STB-1
KAG-STB-2
KAG-STB-3
KAG-STB-4
KAG-STB-5

PENOBSCOT R mean

PENOBSCOT-R-STB-1
PENOBSCOT-R-STB-2
PENOBSCOT-R-STB-3
PENOBSCOT-R-STB-4
PENOBSCOT-R-STB-5

ROYAL R mean

ROYAL-R-STB-1
ROYAL-R-STB-2
ROYAL-R-STB-3
ROYAL-R-STB-4
ROYAL-R-STB-5

YORK R mean
YORKR-STB-1
YORKR-STB-2
YORKR-STB-3
YORKR-STB-4
YORKR-STB-5

SACO R mean
OOB-BLF-1
OOB-BLF-2
OOB-BLF-3
OOB-BLF-4
OOB-BLF-5

striped bass

striped bass

striped bass

striped bass

striped bass

bluefish

3.24

201 22.5
600 2150 162 22.7
570 2000 307 23.8
580 2050 226 22.6
575 1875 108 21.8
600 2050 200 21.6

170 22.6
638 1700 244 254
553 1825 208 21.7
510 1200 144 22.8
544 1525 126 21.9
661 1990 126 21.2

211 22.2
510 1300 150 22.2
595 1850 118 20.6
565 1700 143 20.2
595 2300 201 255
520 1275 444 22.3

152 22.8
581 1875 141 21.3
636 2625 181 23.8
534 1500 154 231
645 2750 183 23.2
581 2050 100 22.8

147 22.5
645 2750 535 21.6
616 2175 260 23.9
678 2925 176 21.8
632 2450 143 22.4
643 2590 104 22.6

161 24.1
775 154 24.9
810 129 23.2
760 76.9 23.7
760 144 25.3
800 302 235



Mercury concentrations were much more constant from year-to-year and lab-to-lab than were the
PCB data (Table 3.2.3). Concentrations in striped bass were relatively low compared to
freshwater fish for top predators, but still exceeded the Bureau of Health’s FTAL (0.2 ppm) for
most samples. Concentrations in bluefish were slightly higher, but data are more limited.

Table 3.2.3 Mercury in marine fish from Maine estuaries, ppm average (95 ucl on the mean)

striped bass Androscoggin Kennebec Penobscot Royal Sheepscot Saco Scarboro York

Year

1995 0.35

1997 0.33

1998 0.38 0.40 0.37

1999 0.32

2000 0.22 0.22 0.18

2001 0.15 0.12
2002

2003

2004 0.24 0.23 0.32 0.17 0.21

bluefish ~ Androscoggin Kennebec Penobscot Royal Sheepscot Saco Scarboro York
Year

1995 0.53

1997

1998 0.33
1999

2000

2001 0.39

2002

2003

2004 0.48
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2004 Raw Data

Field ID Species Length (mm)  Weight (g) HG (ppm) % solids
ANDROSCOGGIN R mean striped bass 600 2150 0.24 22.5
ANDRO-R-STB-1 570 2000 0.23 22.7
ANDRO-R-STB-2 580 2050 0.26 23.8
ANDRO-R-STB-3 575 1875 0.14 22.6
ANDRO-R-STB-4 600 2050 0.22 21.8
ANDRO-R-STB-5 0.33 21.6
KENNEBEC R mean striped bass 0.23 22.6
KAG-STB-1 638 1700 0.31 254
KAG-STB-2 553 1825 0.14 217
KAG-STB-3 510 1200 0.16 22.8
KAG-STB-4 544 1525 0.28 21.9
KAG-STB-5 661 1990 0.26 21.2
PENOBSCOT R mean striped bass 0.32 22.2
PENOBSCOT-R-STB-1 510 1300 0.16 22.2
PENOBSCOT-R-STB-2 595 1850 0.11 20.6
PENOBSCOT-R-STB-3 565 1700 0.14 20.2
PENOBSCOT-R-STB-4 595 2300 0.61 25.5
PENOBSCOT-R-STB-5 520 1275 0.58 22.3
ROYAL R mean striped bass 0.17 22.8
ROYAL-R-STB-1 581 1875 0.12 21.3
ROYAL-R-STB-2 636 2625 0.25 23.8
ROYAL-R-STB-3 534 1500 0.16 231
ROYAL-R-STB-4 645 2750 0.22 23.2
ROYAL-R-STB-5 581 2050 0.12 22.8
YORK R mean striped bass 0.21 22.5
YORKR-STB-1 645 2750 0.28 216
YORKR-STB-2 616 2175 0.24 23.9
YORKR-STB-3 678 2925 0.24 21.8
YORKR-STB-4 632 2450 0.13 224
YORKR-STB-5 643 2590 0.15 22.6
SACO R mean bluefish 0.48 24.1
OOB-BLF-1 775 0.5 24.9
OOB-BLF-2 810 0.63 23.2
OOB-BLF-3 760 0.46 23.7
OOB-BLF-4 760 0.33 25.3
OOB-BLF-5 800 0.5 235
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CUMMULATIVE EFFECTS ASSESSMENT OF FISH POPULATIONS

Introduction

The US Clean Water Act (CWA) and Maine statutes set an ultimate goal that point source discharges be
eliminated where appropriate and an interim goal that all waters be ‘fishable/swimmable’. Maine Water
Quality Standards further require that all freshwaters be ‘suitable for the designated uses of ...fishing
and ....as habitat for fish and other aquatic life’ and be ‘of sufficient quality to support ...indigenous
species of fish’. EPA and DEP interpret ‘fishing’ to mean that not only do fish have to be present, but
also healthy and safe to eat in unlimited quantities. And in order to provide habitat... to support a
species, water quality must ensure that the population is sustainable, by allowing adequate survival,
growth, and reproduction.

In the past, most SWAT studies of fish have focused on measuring the effects of persistent,
bioaccumulative and toxic, (PBT) contaminants on human consumers, i.e. assessment of attainment of
the designated use ‘fishing’, with some consideration of impacts to wildlife consumers as well. Direct
effects on fish populations have been measured or estimated by other DEP programs able to detect only
relatively severe impacts on survival, growth, and reproduction. Several studies (Adams et al, 1992;
Kavlock et al, 1996; Munkittrick et al, 1998; Rolland et al, 1997) have measured other more subtle
effects on development, immune system function, and reproduction not normally seen in more typical
stressor-based testing regimes historically used by DEP. These effects may be a result of long term
exposure to relatively low levels of contaminants or cumulative effects of exposure to many low-level
contaminants. These responses to pollutant challenge are often within the same magnitude as natural
variation and therefore difficult to measure with the methods that are currently used. Many new
techniques, such as a cumulative effects-driven assessment (CEA) of fish populations have been
developed to measure some of these effects.

A CEA usually measures indicators of survival, growth, and reproduction. Age structure and mean age
are measured as indicators of survival and measures of energy expenditure and storage are used as
indicators of growth and reproduction. Energy expenditure measures include size and size at age as
indicators of growth and gonadosomatic index (GSI), fecundity, and egg size as indicators of
reproductive potential. Energy storage measures include condition factor (K) as an indicator of growth
and liversomatic index (LSI) and lipid storage as indicators of both growth and reproductive potential
(Munkittrick et al, 2000). Response patterns of all indicators provide an integrative assessment of
overall performance that may reflect different types of stresses, such as exploitation, food limitation,
recruitment failure, niche shift, metabolic disruption (Munkittrick et al, 2000).  Levels of circulating
sex steroids are also often used as biomarkers of reproductive potential, which is considered an index of
potential population trends as is survival.

With the assistance of Environment Canada (EC), DEP has conducted CEAs of fish populations on the
St John River in 1999-2001 that have indicated probable impacts to fish populations and identified a
previously unknown source. In 2000 similar studies of the North Branch of Presque Isle Stream and
Prestile Stream, where high concentrations of DDT, a known endocrine disruptor, have been previously
found, indicated a potential population level effects as indicated by a significant reduction in gonad size
in both streams compared to two reference streams with much lower DDT levels in fish.
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When CEA studies began in Maine, the plan was to study what was considered the worst case first, and
if no negative impacts were measured not to study the other rivers. The Androscoggin River was chosen
to study first among the large industrial rivers because it has more (3) large pulp and paper mills for its
size than the other major rivers and has historically had the poorest water quality. CEAs of white sucker
populations in the Gulf Island Pond on the Androscoggin River from 2001-2003 did not show the
evidence of endocrine disruption and metabolic redistribution found in a preliminary study in 1994,
This result is possibly due to the change in bleaching technology from free chlorine to chlorine dioxide
and improved waste treatment in the 3 upstream bleached kraft pulp and paper mills in the intervening
years. Nor was there any evidence of endocrine disruption at any location below any of the mills in the
rest of the river. There was evidence of increased eutrophication that correlated with increased nutrient
levels downstream of the mills and associated municipalities (DEP, 2004).

Many studies have also documented effects of heavy metals, PAHSs, sewage, and pulp and paper mill
waste on fish immune systems (Voccia et al,1994; Holliday et al, 1998; Secombes et al, 1992; Ahmad et
al, 1998). In 2002 and 2003 we looked at the spleen somatic index (SSI) and kidney somatic index
(KSI) as rough indicators of immune system effects. There were significant decreases in SSI below the
2 most upstream mills for one or both sexes in 2002 and 2003, indicating potential immune system
stress.

Studies of caged mussels in 2003 on the Androscoggin River showed no negative impacts on growth
rate or induction of vitellin, a reproductive protein marker of endocrine disruption. This result is
consistent with studies of fish in the river from 2001-2003 which also show no clear evidence of
endocrine disruption.  Studies of caged mussels in 2003 on the Kennebec River, however, did show
induction of vitellin below a bleached kraft pulp and paper mill. Therefore, in 2004, a CEA was
conducted on white suckers above and below the SAPPI Somerset bleached kraft pulp and paper mill on
the Kennebec River.

Methods

The upstream station was approximately 5 miles above the mill but below the city of Skowhegan while
the downstream stations was approximately 10 miles below the mill at the historic sampling site for the
Dioxin Monitoring Program, with which sampling for the CEA was integrated. For each of the stations,
20 males and 20 females of each species were collected during fall recrudescence. Previous studies
have determined that a sample size of 20 is sufficient to reduce the variance enough to detect a
difference of 20-30% in the variables measured between stations. Fish were collected by gill net. Blood
samples were collected, from live fish immobilized in a foam cradle, into heparinized Vacutainers and
placed on ice for transport to the lab the same day. The fish were then killed with a blow to the head.
The operculum was taken for aging. Livers were dissected out and weighed, for calculation of LSI, and
then frozen in liquid nitrogen. Gonads were dissected out and weighed for calculation of GSI and a
small sample ~1 cm square was taken and placed in 10% buffered formalin for storage. Head kidney
and spleen were dissected out and weighed for calculation of KSI and SSI respectively.

Later the same day in the lab, the samples were placed in proper storage to await analyses. Plasma was

collected from the blood samples after centrifugation in the lab and then frozen at —20C for
radioimmunoassay (RIA) analysis for T, 11-KT, E2, following the method of McMaster et al (1992) and
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F following the method of Jardine (1996). Liver samples were stored at —80°C for MFO analysis as
outlined by Munkittrick et al (1992). Gonad samples remained in formalin for further analyses.
Histological samples of gonads will be prepared and examined for the presence of testis-ova as outlined
in Gray and Metcalf (1997) or analysis of gonadal staging (McMaster, 2001). All laboratory analyses
were performed by at Environment Canada’s National Water Research Institute in Burlington, Ontario,
Canada. Samples for aging were stored at —20°C until prepared and read in the DEP lab in Augusta,
Maine.

Results

MFOs were significantly reduced at KFF, below the mill for both sexes (Figure 3.3.1). This is opposite
of what was expected, that MFOs, as an indicator of exposure to pulp mill effluent, would be higher
below the mill. It may be that with the changes in bleaching and improved process controls and
wastewater treatment, that the potency of the effluent is no longer high enough to elicit a response.

Figure 3.3.1 MFO in male (M) and female (F) white suckers from the Kennebec
River above (KNW) and below (KFF) the SAPPI Somerset pulp and paper mill,
2004
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Concentrations of circulating levels of T were significantly reduced in both males and females, while
11-KT was significantly reduced in males and E2 significantly reduced in females at KFF both sexes
(Figure 3.3.2). This finding is consistent with endocrine disruption, but the absence of MFO induction
below the mill confounds interpretation of cause. Although KFF is 10 miles below the mill, there are no
other known point or non-point sources in between that could reasonably be expected to cause this
effect.

Figure 3.3.2 Testosterone (T), 11 ketotestosterone (KT) and estradiol (E2) in male (M) and
female (F) white suckers from the Kennebec River above (KNW) and below (KFF) the
SAPPI Somerset pulp and paper mill, 2004
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Concentrations of cortisol (F) were significantly reduced at KFF in females but not males (not shown).
The significance of this finding is not certain at this time. Cortisol is a steroid hormone that helps
mobilize energy reserves diverting them from growth and reproduction to short term survival activities
in times of stress. Cortisol might be elevated from capture and handling, but fish of both sexes at both
stations were captured and handled similarly, so this should not be the cause of the differences.
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Mean age as an indicator of survival was significantly reduced at KFF for both sexes (Figure 3.3.3).
Munkittrick (2000) gives as two possible reasons 1) exploitation and 2) metabolic redistribution.
Regarding exploitation, white suckers are not fished recreationally to any great extent. But there is a
commercial fishery of suckers for lobster bait, although sucker traps have not been observed much on
this reach of the river. That leaves metabolic redistribution of energy from survival towards growth or
reproduction as mediated partly by cortisol levels as a possible cause. But cortisol levels were affected
only for females, and are not consistent with age reduction for males.

Figure 3.3.3 Mean age of male (M) and femalie (F) white suckers sampled from
the Kennebec River above (KNW) and below (KFF) the SAPPI Somerset pulp and
paper mill 2004
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Energy expenditure measures include size and size at age as indicators of growth and gonadosomatic
index (GSI), fecundity, and egg size as indicators of reproductive potential. Mean length (size) did not
change for females but was significantly reduced for males at KFF (Figure 3.3.4). GSI, however, was
significantly increased at KFF for both sexes. It appears that energy expenditures were routed toward
reproduction at the expense of growth in males.

Energy storage measures include condition factor (K) as an indicator of growth and liversomatic index
(LSI) and lipid storage as indicators of both growth and reproductive potential. K was significantly
increased for both sexes while LSI was significantly reduced for females (Figure 3.3.5). It appears that
energy was routed from storage in the liver toward reproduction in females. In both sexes, then,
increased K was a result of more energy being directed toward reproduction at KFF than at KNW, but it
came from different compartments for males and females. Additional studies would be needed to verify
these findings.

3.32



Length (mm

LSI& K

Figure 3.3.4 Length and gonadosomatic index (GSI) of male (M) and female (F) white suckers
sampled from the Kennebec River above (KNW) and below (KFF) the SAPPI Somerset pulp and

paper mill, 2004
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Figure 3.3.5 Liver somatic index (LSI) and condition factor (K) of male (M) and female (F) white
suckers from the Kennebec River above (KNW) and below (KFF) the SAPPI Somerset pulp and
paper mill, 2004
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Interestingly, SSI was also significantly lower at KFF (Figure 3.3.6) and on some stations from the
Androscoggin River reported previously (DEP, 2004). This finding is not inconsistent with the possible
decreased immune system capacity found by Hannum in head kidneys (this report), although the
mechanism is unclear since head kidney size (KSI) was no different between sites above and below the
mills for either sex on either river.

Figure 3.3.6 Spleen somatic index (SSI) and head kidney somatic index (KSI) in male (M) and female
(F) white suckers from the Kennebec River above (KNW) and below (KFF) the SAPPI Somerset pulp
and paper mill, 2004
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The survival indicator, energy expenditure indicators, and energy storage indicators responses measured
in white suckers from KFF generally fit a pattern of metabolic disruption (Munkittrick, 2000) unlike the
pattern of nutrient enrichment found on the Androscoggin in previous studies.

The induction of vitellin found in caged mussels in 2003 is not inconsistent with this pattern for white
suckers in the Kennebec. Measurements of vitellogenin in the white suckers are pending at the lab.
Indications of immune system suppression also indicate negative effects on white sucker populations
below the mill on the Kennebec. Additional studies are warranted to verify these conclusions.

References
Adams, S.M., W.D. Crumby, M.S.Greeley Jr., L.R. Shugart, and C.F. Saylor, 1992. Responses of Fish
Populations and Communities to Pulp Mill Effluents: A Holistic Assessment. Ecotoxicology and

Environmental Safety 24:347-360.

Ahmad, T.M., M. Athar, N.Z. Khan, and S. Raisuddin, 1998. Responses of circulating fish phagocytes
to paper mill effluent exposure. Bull. Environ. Contam. Toxicol. 61: 746-753.

3.34



DEP, 2004. Surface Waters Ambient Toxics Monitoring Program Final Report, 2002-2003, Maine
Department of Environmental Protection, Augusta, Maine, December 2004.

Gray, MA and CD Metcalf, 1997. Induction of testis-ova in Japanese medaka (Oryzias latipes) exposed
to p-nonylphenol. Env. Toxicol. Chem. 16(4):1082-1086.

Jardine, JJ, GJ Van Der Kraak, and KR Munkittrick, 1996. Impact of capture, handling, confinement,
and a three day recovery period on general indicators of stress and reproductive steroids in white
sucker exposed to bleached kraft mill effluent. Ecotoxicol. Environ. Safe 33:287-298.

Holliday, S.D., S.A. Smith, E.G. Besteman, A.S.M.l. Deyab, R.M. Gogal, T. Hrubec, J.L. Robertson,
and S.A. Ahmed, 1998. Benzoapyrene-induced hypocellularity of the pronephros in tilapia
(Oreochromis niloticus) is accompanied by alterations in stromal and parenchymal cells and by
enhanced cell apoptosis. Vet. Immunology and Immunopthology 64(1):69-82.

Kavlock, R.J., G.P. Daston, C. DeRosa, P. Fennes-Crisp, L. E. Gray, S. Kaattari, G. Lucier, M.
Luster,M.J. Mac, C. Maczka, R. Miller, J. Moore, R. Rolland, G. Scott, D.M. Sheehan, T. Sinks, and
H.A. Tilson, 1996. Research needs for the risk assessment of health and environmental effects of
endocrine disruptors: A report of the US EPA sponsored workshop. Env. Health Perspectives 104 supp
715-

McMaster, M, GJ Van Der Kraak, and KR Munkittrick, 1996. An epidemiological evaluation of the
biochemical basis for steriod hormonal depressions in fish exposed to industrial wastes. J. Great Lakes
Res. 22(2):153-171.

McMaster, ME, KR Munkittrick, and GJ Van Der Kraak, 1992. Protocol for measuring circulating
levels of gonadal sex steroids in fish. Can. Tech. Rept. Fish. Aquat. Sci. 1836.

McMaster, M, 2001. National Water Research Institute, Canada Center for Inland Waters, Environment
Canada, Burlington, Ontario. Personal communication.

Munkittrick, KR, GJ Van Der Kraak, ME McMaster, and CB Portt, 1992. Response of hepatic MFO
activity and plasma sex steroids to secondary treatment of bleached kraft pulp mill effluent and mill
shutdowns. Env. Toxicol. Chem. 11:1427-1439.

Munkittrick, K.A., M.E. McMaster, L.H. McCarthy, M.R. Servos, and G.J. Van Der Kraak, 1998. An
overview of recent studies on the potential of pulp-mill effluents to alter reproductive parameters in fish.
J. of Toxicology and Environmental Health, Part B, 1:347-371.

Munkittrick, K.A., M.E. McMaster, G. Van Der Kraak, C. Portt, W. N. Gibbons, A. Farwell, and M.
Gray, 2000. Development of methods for effects driven cummulative effects assessment using fish
populations: Moose River project. Technical Publication, SETAC Press, Pensacola, Fla. 236 pp.

Rolland, R.M., M. Gilbertson, and R.E. Peterson editors, 1997. Chemically Induced Alterations in
Functional Development and Reproduction of Fishes. Proceedings from a session at the 1995

3.35



Wingspread Conference Center, 21-23 July 1995, Racine Wi. Published by the Society of
Environmental Toxicology and Chemistry (SETAC), Pensacola, Florida.

Secombes, C.J., T.C. Fletcher, A. White, M.J. Costello, R. Stagg, and D.F. Houlihan, 1992. Effects of
sewage sludge on immune responses in the dab, Limanda limanda L. Aquatic Toxicology 23:217-230.

Voccia, I., K. Krzystyniak, M. Dunier, and M. Fournier, 1994. In vitro mercury-related cytotoxicity and

functional impairment of the immune cells of rainbow trout (Oncorhynchus mykiss). Aqu. Tox. 29(1-
2):37-48.

3.36



3.4

FISH IMMUNOLOGY STUDY

3.37



Innate Immune Response Capacity of Fish from the Androscoggin and Kennebec Rivers

Lynn Hannum
Department of Biology, Colby College, Waterville ME
March 22, 2005

Objectives

The primary goal of our research was to assess innate immune response capacity of fish from the
Androscoggin and Kennebec rivers relative to areas of paper mill discharge. This collaborative project
with Barry Mower of the Maine Department of Environmental Protection used fish from the same
populations being sampled for dioxin levels as part of the Dioxin Monitoring Program. Because there is
little data on innate immune responses in either of the fish species involved, we also sought to use this
opportunity to generate an initial database on the variability of innate immune response capacity of
smallmouth bass (Micropterus dolomieu) and white suckers (Catostomus commersoni) in the two rivers,
and to examine white blood cell populations present in the anterior kidney of these species by flow
cytometry.

Innate immunity and respiratory burst

In vertebrates, the innate immune system provides the first line of defense against infection by disease-
causing microbes. Central to the innate immune response are several classes of white blood cells that
detect and eliminate pathogenic microorganisms. Some of these cells, particularly macrophages and
neutrophils, are referred to as phagocytes because of their ability to bind and engulf (phagocytose)
foreign material. Phagocytes destroy internalized microbes using enzymes, antimicrobial peptides, and
toxic oxygen-containing compounds such as hydrogen peroxide. Phagocytes generate these reactive
oxygen compounds through a process known as respiratory burst.

Respiratory burst activity in resting, unstimulated phagocytes is relatively low. Contact with microbes
(or artificial stimulation with reagents such as phorbol dibutyrate) triggers the respiratory burst response
in these cells. Superoxide anion is a key intermediate in the respiratory burst reaction, and can be
measured using nitro blue tetrazoleum (NBT). Colorless NBT solution turns blue in the presence of
superoxide anion. Color change, indicative of the level of respiratory burst activity, can then be
quantitated using a microplate reader.

Numerous environmental pollutants such as tributylin, metals, PCBs, and PAHs have been shown to
suppress the innate immune response in fish, including phagocyte respiratory burst (Rice, 1996;
Fournier, 1998; Regala, 2001; Dethloff, 2001; Zelikoff, 2002; Carlson 2002;). Thus, quantifying the
innate immune response by measuring respiratory burst activity of white blood cells from the anterior
kidney can be an effective method of assessing the effects of pollutants on fish health.
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Methods

Fish Collection

Smallmouth bass (Micropterus dolomieui) and white suckers (Catostomus commersoni) were
received from DEP researchers at three sites along the Androscoggin River in July of 2004. Fish were
collected above the Mead paper mill in Rumford on July 7 and 9; and below the mill in Dixfield on July
13, 14 and 15, and Canton on July 19, 20 and 21. Smallmouth bass were collect at two sites along the
Kennebec River in September of 2004. Fish were collected at the Norridgewock site, upstream of the
Sappi paper mill in on September 14 and 16, then downstream in Fairfield on September 21 and 23. In
both cases the upstream and downstream sites were separated by a dam, thus the upstream and
downstream populations were not mixing. White suckers were caught in gill nets set the night before
they were obtained. Smallmouth bass were caught on fishing lines same the day they were obtained.
Fish were collected in the morning and transported to shore where our research team processed them
immediately.

Isolation and Preparation of Head Kidneys Cells

Fish were placed in a 40 L cooler and anesthetized with Tricaine MS-222 (0.0784 mg/ml; Sigma-
ALDRICH, St. Louis, MO), then killed by a blow to the head. Head kidneys were surgically removed
and rinsed in Hank’s buffered saline solution (HBSS) with 2 mM calcium (Sigma-ALDRICH, St. Louis,
MO). Kidneys were then stored on ice in plastic tubes containing 10 ml HBSS for the return trip to
Colby College.

At our laboratory, kidney tissues were disrupted on a scored petri dish with a syringe to liberate
individual cells. Cell suspensions were transferred to 15 ml conical centrifuge tubes. After connective
tissue settled out for approximately 1 min, the supernatant was transferred to another 15 ml centrifuge
tube and spun at 300x g, 11°C for 10 min on a Centra CL3R centrifuge. The resulting pellet was
resuspended in 5 ml of ammonium chloride potassium solution (ACK) for 5 min to lyse red blood cells
(RBCs). After 5 min, 5 ml of HBSS was added to stop the lysis and tubes were spun again as before.
Two treatments with ACK were usually necessary to lyse the RBCs. After RBC lysis, cells were
washed twice by resuspending the pellet in 10 ml HBSS and centrifuging as before. Remaining cells
were resuspended in 10 ml HBSS. For counting, 10 ul of cell suspension was diluted 1:10 in HBSS and
trypan blue (Sigma). Live leukocytes were counted on a hemacytometer. Cells were adjusted to final
concentration of 1x10’/ml with HBSS.

Nitro Blue Tetrazoleum (NBT) Reduction Assay

at Img/ml in dimethyl sulfoxide (DMSO Sigma), was added as a stimulant to three of the wells. 60 ul of
HBSS was added to the three unstimulated wells. All wells were mixed with a multichannel pipetter
before being incubated for 20 min at room temperature under foil. After incubation, plates were spun at
300x g for 3 min at 11°C. Supernatant was aspirated off and 120 ul of 2M KOH (Sigma) and 140 ul of
DMSO (Sigma) were added to each well and mixed. Absorbance of each wells was read immediately
on a Multiskan RC plate reader (Fisher Scientific) at dual wavelengths of 620 nm and 405 nm.

3.39

100



NBT Analysis and Statistics

The stimulation index (SI) was calculated for each fish by dividing the mean stimulated absorbance
value from the NBT assay by the mean unstimulated absorbance value. P-values were determined using
Mann-Whitney U test.

Flow Cytometry

Head kidney cell suspensions prepared for NBT assay (above) were diluted 1:10 into 1 ml phosphate
buffered saline in 12 x 75 mm FACS tubes. Forward scatter and side scatter data were collected on
20,000 cells/sample using a B-D FACScalibur flow cytometer. Analysis was performed using CellQuest
software.

Results: Respiratory burst

Androscoggin respiratory burst

In this study, stimulation index (SI) reflects the ability of phagocytic white blood cells to respond to
artificial stimulation. The mean stimulation indexes were significantly higher in smallmouth bass from
the Rumford site than bass from the downstream Dixfield and Canton sites (p=.04 and p=.03,
respectively; Figure 1). There was no difference in SI between the Dixfield and Canton sites.
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Figure 1. Stimulation indexes of head kidney cells from smallmouth bass collected at Rumford (n=8),
Dixfield (n=9), and Canton (n=13) sites. Individual fish represented by triangles; bar represents mean
value for each site.
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Examination of respiratory burst levels in unstimulated head kidney cells revealed an interesting pattern.
Respiratory burst activity in resting cells from bass collected at the Dixfield site was significantly higher
than bass from the Rumford and Canton sites (p=.03 and p=.04, respectively; Figure 2). There was no
significant difference between fish from Rumford and Canton sites. Fish were collected at Dixfield on
three different days. Review of the raw data confirmed that fish with higher and lower unstimulated
respiratory burst responses were collected on the same days; thus elevated resting respiratory burst
activity in this set of the Dixfield bass was not due to a procedural variation on one day of testing.
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Figure 2. Mean absorbance values from NBT assay of unstimulated head kidney cells from smallmouth bass collected at
Rumford (n=8), Dixfield (n=9). and Canton (n=13) sites. Individual fish are represented by triangles: bar represents mean
value for each site.

We were concerned that trauma experienced by white suckers trapped overnight in gill nets would affect
the functioning of their white blood cells in the NBT assay, as stress negatively impacts immune
responses in most species, imncluding fish. The mitial results of NBT assays on white sucker head kidney
cells supported this prediction, as the sucker SIs were very low compared to smallmouth bass (Figure 3).
The highest sucker SIs were well below the lowest indexes of bass (as well as of perch and lake trout
previously used in the NBT assay, data not shown). There was no significant difference between SIs of
white sucker cells from any of the three sites.

When we later analyzed the respiratory burst activity of resting white sucker cells, they clearly exhibited
the same pattern as smallmouth bass cells: the mean respiratory burst levels were substantially higher in
unstimulated cells from the Dixfield site than from the Rumford and Canton sites (p=.06 and p=.02,
respectively, Figure 4). Unlike SI data, the absorbance values reflecting unstimulated respiratory burst
activity were comparable in bass and suckers. In both species, then, fish collected at the downstream site
closest to the mill discharge displayed elevated respiratory burst activity, which can be indicative of
oxidative stress (C.D.Rice, personal communication).
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Figure 3. Stimulation indexes of head kidney cells from white suckers collected at Rumford (n=5),
Dixfield (n=8), and Canton (n=7) sites. A, data presented on same SI scale as smallmouth bass (Figure
1); B, scaled to show SI patterns for each site. Individual fish represented by triangles; bar represents
mean value for each site.
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Figure 4. Mean absorbance values from NBT assay of unstimulated head kidney cells from white
suckers collected at Rumford (n=5), Dixfield (n=8), and Canton (n=7) sites. Individual fish are
represented by triangles; bar represents mean value for each site.
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Smallmouth bass were collected at two sites, Nomridgewock and Fairfield, in September 2004. The
results of this study parallel those of the Androscoggin. The mean stimulation index was significantly
higher in head kidney cells of bass from the upstream Norridgewock site than those from the
downstream Fairfield site (p=.05; Figure 5). Additionally, the respiratory burst activity in unstimulated
head kidney cells was significantly higher in bass from the Fairfield site than those from Norridgewock
(p=.008, Figure 6).
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Figure 5. Stimulation indexes of head kidney cells from smallmouth bass collected at Norridgewock
(n=10) and Fairfield (n=10) sites. Individual fish represented by triangles; bar represents mean SI value
for each site.
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Figure 6. Mean absorbance values from NBT assay of unstimulated head kidney cells from smallmouth
bass collected at Norridgewock (n=10) and Fairfield (n=10) sites. Individual fish are represented by
triangles; bar represents mean value for each site.
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The mean SI values were lower in the Kennebec bass than those from analogous sites on the
Androscoggin; background respiratory burst levels in resting cells were slightly higher in Kennebec
bass. However, several factors discourage direct comparisons of these numbers between the studies.
Most notably, the studies were conducted two months apart. Lack of data on monthly/seasonal
fluctuations in bass respiratory burst activity make it impossible to know whether the differences in
Androscoggin and Kennebec numbers are due to timing, reagent differences, dissimilarity of the water
environment, or intrinsic differences in the fish populations.

Results: Flow cytometric analysis of white blood cell populations

A flow cytometer allows characterization of each individual cell within a large, diverse cell sample.
Typically, cells are marked with fluorescent tags specific for certain cell surface proteins. As the tagged
cells are run single-file past a laser, the flow cytometer generates a profile of the tags on each cell. Since
there are no fluorescent reagents available to differentiate populations of white blood cells from
smallmouth bass or white suckers, our study relied on more basic forward and side scatter information
generated by the flow cytometer. Forward scatter is a measure of the size of a particular cell; side scatter
indicates the level of granularity of the cell cytoplasm. Different populations of white blood cells have
characteristic forward vs. side scatter profiles: lymphocytes are smaller and less granular, while
phagocytic cells (macrophages, neutrophils and other granulocytes) tend to be larger and more granular.

Our analysis of head kidney white blood cells from smallmouth bass showed the expected pattern of
lymphocyte and macrophage/granulocyte populations, with some smaller cells and cellular debris visible
at the lower left of the profiles (Figure 7, right panel). Profiles of white sucker head kidney cells (Figure
7, left panel) revealed a population of cells not seen in bass, nor in the landlocked salmon, perch or lake
trout tested previously (data not shown). This group of cells appears to be highly granular and of varying
size. We were unable to schedule use of a flow cytometer with cell sorting capacity at another institution
prior to the completion of fish collection for this study, thus identification of the cell population(s)
remains to be done.

Figure 8 illustrates the gates drawn around the lymphocyte (R2) and macrophage/granulocyte
(phagocytic cells, in R3) populations in smallmouth bass. In Androscoggin bass, the mean percentage of
cells in the macrophage/granulocyte population was significantly higher in fish from the Dixfield site
than the Rumford (p=.03) and Dixfield (p=.0005) sites (Figure 9). There was no significant difference
between the Rumord and Dixfield sites. We did not observe differences in this cell population in white
suckers from the three sites. Despite the differences in SI and unstimulated respiratory burst levels in the
Kennebec bass, there was no significant difference in the percentages of cells in the
macrophage/granulocyte population from fish collected at the Norridgewock and Fairfield sites (data not
shown).
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Figure 7. Flow cytometric scatter plot profiles of smallmouth bass and white sucker head kidney cells,
showing forward scatter (size) on the x-axis and side scatter (granularity) on the y-axis. Each dot on the
plots represents a single cell. Profiles shown are typical of individuals of each species.

Figure 8. Flow cytometric scatter plot profile of a typical smallmouth bass showing forward scatter
(size) on the x-axis and side scatter (granularity) on the y-axis. R3 gate encompasses the phagocytic cell
populations, while gate R2 identifies the lymphocytes. Each dot on the plots represents a single cell.
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Figure 9. Percentage of head kidney cells fitting the macrophage/granulocyte (phagocytic cell) profile
from smallmouth bass collected at Rumford (n=8), Dixfield (n=8), and Canton (n=18) sites. Individual
fish are represented by triangles; bar represents mean value for each site.

Because macrophages and neutrophils are the primary head kidney phagocytic cells responsible for
respiratory burst reactions, we speculated that the higher levels of background respiratory burst activity
in bass cells from Dixfield was due to the higher percentage of phagocytic cells in samples from this
site. The correlation between percentage of cells in R3 and resting respiratory burst levels 1s not

s, P 2 ;
significant, but shows a positive trend (R =.09, Figure 10).
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Figure 9. Comparison of head kidney cells fitting the macrophage/granulocyte (phagocytic cell) profile
with the mean absorbance values from the NBT assay of unstimulated head kidney cells from
smallmouth bass collected at the combined Androscoggin sites. Individual fish are represented by
circles; line is linear regression.
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Summary

We have found distinct differences in innate immune system activity, as measured by phagocyte
superoxide anion production, in the anterior kidney cells of smallmouth bass and white suckers collected
at sites above and below paper mill discharge on both the Kennebec and Androscoggin Rivers. Based on
our work thus far, we cannot attribute these differences directly to components of the mill effluent.
However, it is clear that factor(s) are causing suppression of respiratory burst capacity (SI) in bass from
sites downstream of the mills, relative to upstream sites. White sucker cells responded very weakly to
stimulation in culture, and did not show site to site variation in Sl, possibly due to stress associated with
harvest methods.

Most intriguing, a somewhat different pattern was observed in unstimulated cells of both bass and
suckers from both rivers: background respiratory burst activity was significantly elevated in fish from
Dixfield and Fairfield (closest to the sites of effluent discharge) suggestive of oxidative stress. Fish
captured further downstream on the Androscoggin had lower resting superoxide anion levels,
comparable to fish collected upstream of the mill. In Androscoggin bass, this pattern was matched by the
percentage of anterior kidney cells within the macrophage/granulocyte profile by flow cytometry. It
seemed possible that having greater proportions of phagocytes within the Dixfield cell samples could
cause the observed elevated respiratory burst activity. The correlation between phagocytic populations
and resting respiratory burst activity appears to be only weakly positive, likely not the primary reason
for this pattern.

References

Carlson, E.A., Li, Y., and Zelikoff, J.T. (2002) Exposure of Japanese medaka (Oryzias latipes) to
benzo[a]pyrene suppresses immune function and host resistance against bacterial challenge. Aquatic
Toxicology, 56: 289-301.

Dethloff, G.M., Bailey, H.C. and Maier, K.J. (2001) Effects of dissolved copper on select hematological,
biochemical, and immunological parameters of wild rainbow trout (Oncorhynchus mykiss). Arch.
Environmental Contamination and Toxicology. 40:371-380.

Fournier, M., Lacroix, A., Voccia, I., and Brousseau, P. (1998) Phagocytic and metabolic activities of
macrophages from mummichog naturally exposed to pulp mill effluents in the Miramichi River.
Ecotoxicology and Environmental Safety. 40: 177-183.

Regala, R.P., Rice, C.D., Schwedler, T.E., and Dorociak, I.R. (2001) The effects of tributylin and PCB-
126 mixtures on antibody responses and phagocyte oxidative burst activity in channel catfish. Arch.
Environmental Contamination and Toxicology. 40:386-391.

Rice, C.D., Kerogsien, D.H., and Adams, S.M. (1996) Innate immune function as a biodindicator of
pollution stress in fish. Ecotoxicology and Environmental Safety. 33: 186-192.

Zelikoff, J.T., Carlson, E., Raymond, A., Duffy, J., Beaman, J.R., and Anderson, M. (2002)

Immunotoxicity biomarkers in fish: development, validation and application for field studies and risk
assessment. Human and Ecological Risk Assessment. 8:253-263.

3.47



3.5

POLAR ORGANIC CHEMICAL INTEGRATIVE
SAMPLER

3.48



DETECTION OF PESTICIDES IN WASHINGTON COUNTY (MAINE) SURFACE
WATERS USING POLAR ORGANIC CHEMICAL INTEGRATIVE SAMPLER
(POCIS)

By Lucner Charlestra
Senator George J. Mitchell Center For environmental and watershed management
University of Maine, Orono, ME 04469-5764

ABSTRACT

Since 1945 Maine environmental stakeholders have been trying to protect Atlantic Salmon
(Salmo solar) againts pesticide-derived contamination in Downeast rivers. Accordingly,
specialists of the University of Maine and the Board of Pesticide Control (BPC) have used grab
sampling and Isco auto sampler to survey surface waters in Washington County. However, these
traditional monitoring methods provide concentration estimates only for the time of sampling
and do no not allow for an exposure assessment of aquatic lives to the contaminants. Therefore,
in Summer 2004, we deployed a passive sampler, Polar Organic Chemical Integrative Sampler
(POCIS) at eight sampling points in four water bodies at Washington County in order to come up
with an alternative sampling methods for the pesticides used on wild and lowbush blueberries
(Vaccinium angustifolium).

At each sampling point, two replicates comprising two POCIS each were deployed during 28
days in July 2004. After the retrieval, the admixture ( or sorbent that sequesters the pesticides)
have been extracted in organic solvents and quantified by GC/MS. Some pesticides like
chlorothalonil and propiconazole were not detected at any site. Terbacil was detected at only one
sampling point at Pork brook. Water concentration estimates for the replicates ranged from non-
detect to 6.56 ng/L for phosmet and from non-detect to 739g/L for hexazinone. However, an
ANOVA performed with the log-transformed data showed no significant difference between
sites with regard to mean water concentrations of phosmet ( P = 0.260 ). For hexazinone, the
ANOVA did sugget a significant difference between sites ( P = 0.001), but a 95% confidence
interval constructed using the Bonferroni multiple comparison showed that only the Pleasant
river lake site significantly differed from the others.

Although some uncertainties related to the calibration factors used in the calculations of pesticide
concentrations in water and a slight instability in the variances of the data, the overall results
show the capacity of the POCIS device to monitor the pesticide used on the blueberries at
Washington County.

The full report is available as a separate file with the 2004 SWAT report at
http://www.maine.gov/dep/blwag/docmonitoring/swat/index.htm
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CAGED MUSSEL VITELLIN STUDY -DEP

Increased vitellin production is an indication of potential endocrine disruption and reproductive
effects in bivalves and is comparable to the induction of increased vitellogenin in fish. These
chemical inducers mimic or interfere with endogenous hormones in vertebrates and invertebrates
and may cause adverse biological effects. It is expected that the females may have some increase
in vitellin when they are preparing for the next spawning cycle. However, excessive vitellin
production in the females and the males, is an indication of adverse effects. (Salazar, 2004).

In the 2003 SWAT program, a caged mussel study was conducted on the Kennebec River to
determine if the bleached kraft pulp and paper mill was discharging dioxin. The results showed
that 2378-TCDD and 2378-TCDF, the dioxins historically discharge by this mill, were not
significantly higher below the mill than above. However, there was an induction of vitellin, a
reproductive protein marker potentially indicative of endocrine disruption below the mill. None
of these effects were seen in a similar study on the Androscoggin River.

In 2004 again as part of the caged mussel dioxin study, we collected mussels from stations above
and below the SAPPI- Somerset bleached kraft mill to be analyzed for vitellin. From the
recommendations of a peer review pane, in 2004 the number of stations was reduced to two, one
each above and below the mill. The downsteam station was the same that used in the dioxin
above/below (A/B) fish test in order to make valid comparisons with the fish results as required
by the A/B test. This meant that the station was not the same as those where the highest
induction of vitellin was observed in 2003. Samples of fish collected from the same stations
were to be analyzed for vitellogenin. This will allow comparison across species to confirm
effects and establish options for future study. A total of 8 and 10 mussels were collected from
the above and below stations respectively and wrapped in aluminum foil and frozen prior to
shipment to the St. Lawrence Center for analysis.

The mussel vitellin assays were conducted by Francois Gagne, Christian Blaise, and Chantale
Andre of Environment Canada’s St. Lawrence Center, the developers of this biochemical assay,
and who conducted the 2003 studies. Vitellogenin-like proteins were measured indirectly using
the alkali-labile phosphate (ALP) assay. ALP was normalized for proteins, but these data were
not as responsive. The ALP assay is an indirect method to determine the relative levels of vitellin
in biological tissues. The ELISA is not performed because the available kits are for fish
vitellogenin and the appropriate antibodies do not cross-react well with bivalves. The ALP assay,
because it is indirect, is validated with gel electrophoresis where vitellogenin-like protein bands
are quantified by densitometric analysis.

Results show no significant difference in condition factor, gonadosomatic index, or levels of

vitellin above and below the mill (Figures 3.5.1-3.5.5). Fish data are not yet available. Once
comparisons can be made between species, future monitoring needs will become clear.
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Upstream / downstream study design. Differences were examined using 2-way ANOVA.

Figure 3.5.1 Condition factor of caged mussels, Elliption complanata, above and below
the SAPPI-Somerset bleached kraft pulp and paper mill, 2004
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Figure 3.5.2 Gonadosomatic index of caged mussels, Elliption complanata, above and
below the SAPPI-Somerset bleached kraft pulp and paper mill, 2004
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Figure 3.5.3 Vitellin-like proteins on a gonad weight basis of caged mussels, Elliption
complanata, above and below the SAPPI-Somerset bleached kraft pulp and paper mill,
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Figure 3.5.4 Vitellin-like proteins on total extracted proteins basis of caged mussels,
Elliption complanata, above and below the SAPPI-Somerset bleached kraft pulp and

paper mill, 2004
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Figure 3.5.5 Alkali-labile phosphates (a generic and indirect assay for vitellin-like
proteins)in caged mussels, Elliption complanata, above and below the SAPPI-

Somerset bleached kraft pulp and paper mill, 2004
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RAW DATA

TISSUE ~ GONAD

SAMPLE LENGTH TOTWT SHELLWT  WT WT GSI  ALP SEX
KHY-A mm g g g g ug/mg prot

CM 4-3-1 60.53 20.94 11.25 9.69 1.69 0.17 7.43 F
CM 5-2-5 62.65 24.09 17.31 6.78 1.94 0.29 7.52 F
CM 6-2-5 63.40 18.59 8.47 10.12 0.91 0.09 6.83 F
CM 7-2-5 63.05 16.72 11.72 5.00 0.63 0.13 8.18 F
CM 4-4-1 61.00 18.07 10.26 7.81 1.55 0.20 571 I
CM 5-1-5 63.00 18.98 9.91 9.07 1.66 0.18 8.51 M
CM6-1-15|  62.00 16.58 8.31 8.27 0.89 0.11 6.24 M
CM7-1-5 63.00 14.02 9.21 4.81 0.44 0.09 5.62 M
KFF-B

CM1-2-1 63.40 26.76 13.33 13.43 2.76 0.21 6.84 F
CM 2-2-1 63.55 18.30 8.04 9.66 1.32 0.14 6.87 F
CM7-1-1 62.70 16.48 7.86 8.62 1.01 0.12 7.56 F
CM9-1-1 63.00 22.08 11.66 10.42 1.45 0.14 8.9 F
CM 1-1-1 62.20 16.11 8.78 7.33 0.95 0.13 6.39 I
CM 2-1-1 62.70 18.18 8.50 9.68 1.70 0.18 5.01 I
CM 3-1-1 62.30 18.72 8.03 10.69 0.94 0.09 6.74 M
CM 9-2-1 62.70 18.51 8.38 10.13 1.48 0.15 6.39 M
CM10-1-1|  64.00 17.27 7.66 9.61 1.66 0.17 7.90 M
CM 10-2-1 62.30 15.28 7.70 7.58 1.17 0.15 5.20 M
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DATABASE DEVELOPMENT

DEP has begun development of a comprehensive database to house all water quality data, including the
SWAT and Dioxin Monitoring Program data. The development is envisioned to comprise 4 phases.

Phase 1 is a business analysis where stakeholders will be interviewed to determine needs. A consultant
was hired for this phase and a final report was delivered to DEP in February 2005.

Phase 2 is a systems analysis, which will create the data dictionary, and investigate and recommend
what data could be consolidated or integrated. The consultant will also research existing databases to
see if there are any off-the-shelf that meet our needs. That is envisioned to take 4-6 months over the rest
of the year.

Phase 3 will be purchase of an existing system or design of a new one, whichever is necessary. Because
we need internal CSU assistance, this phase will not begin until April 2006.

Phase 4 will be installation and testing. Additional funds are needed for continued development of the
database.

4.3



4.2

PESTICIDES IN WATER BIRDS

4.4



Using Birds as Bioindicator s of Water-bor ne Pesticides
Interim Report, May 2005

I ntroduction

Birds play an important role as sentinel species, indicating specific environmental
change. The project reported upon herein represents an avian incident monitoring
program to identify contaminant effects on birds in Maine. During 2004, we worked with
volunteers, birding networks and rehabilitation centers to collect birds that are
representative of the target population — found-dead, debilitated and injured birds - for
contaminant testing. Contaminant testing focused on organophosphates (OP) and
organochlorines (OC). Organophosphates are of interest because they are used widely in
blueberry, potato and apple agriculture in Maine, and represent the highest risk group of
pesticides to birds. Recent study of herons in Massachusetts has shown these birds to be
susceptible to agricultural use of these chemicals. Organochlorines are of interest because
they persist in the environment, and low levels are found to have immune impact. Coastal
eagles in Maine continue to have elevated levels of PCBs in their systems. This may be
due to recent high rates of consumption of water birds and subsequent bioaccumulative
effects.

Samples Collected

A total of 110 dead birds were collected since July 2004. Location by town, and in
sometimes street address, where the bird was found is known for 69 of these. History was
collected for all birds, and birds were necropsied to determine likely cause of death.
Necropsy-determined primary cause of death or injury (leading to euthanasia) was
unknown trauma (42), emaciation/starvation (20), fishing gear (4), power line (3),
collision with vehicle (2), shot (2), fungal (2), other foreign body (2), attack by children
(1), undetermined (32).

Cholinesterase

Brain cholinesterase was assayed for the following 68 birds; Double crested cormorant
(14), Herring Gull (14), Great blue heron (13), Mallard (5), Great black-backed gull (4),
Common loon (2), Ringbill gull (4), American Bittern (2), Belted kingfisher (2),
Common tern (2), Roseate tern (1), Osprey (1), Common murre (1), Black duck (1),
Common eider (1), and Black guillemot (1). Normal cholinesterase values have been
published for 5 of these species (Double crested cormorant, Black duck, Mallard, Herring
gull, Ringbill gull). Sufficient data allow us to estimate normal brain cholinesterase
ranges for an additional 2 species (Great blue heron, Great black-backed gull). In those
species for which normal references were available or could be calculated with
reasonable confidence, two individuals (Double-crested cormorants) were identified with
depressed cholinesterase values either outside or just within the 95% confidence interval
for that species.

Residues

An initial screen for OP, CB, pyrethroid, OC and PCB residues was conducted on 16
liver samples of the following species; Great blue heron (6), Double-crested cormorant
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(5), Common murre (2), Belted kingfisher (2), American bittern (1). This initial non-
quantitative screen, conducted at Cornell University, was determined to be a cost-
effective means of identifying those contaminants and species on which to focus more
costly quantitative testing. No pyrethroids, CBs or OPs were detected in these birds. OC
and PCB results are below.

ID | Species Capillary GC/M S Results

#1 American Bittern No pesticides detected

#4 Common loon No pesticides detected

#5 Common loon 2,2’,4,5,5’ Pentachlorobiphenyl (101)

2,2°,3,3’,6,6" Hexachlorobiphenyl (136)

2,3,3’,4,4’,5 Hexachlorobiphenyl (157)

2,2’,3,4,5,6,6" Heptachlorobiphenyl (186)

#6 Common murre 2,2’,3,4,4’,5° Hexachlorobiphenyl (138)
2,2’,4,4° 5,5 Hexachlorobiphenyl (101)
#1 Common murre 2,2’,3,3°,6,6° Hexachlorobiphenyl (136)

2,2’,4,4° 5,5 Hexachlorobiphenyl (153)

#8 Double-crested cormorant No pesticides detected

#9 Double-crested cormorant 2,2’,4,4° 5,5 Hexachlorobiphenyl (101)

#10 | Double-crested cormorant 2,2’,3,3’,6,6" Hexachlorobiphenyl (136)

2,2’,4,4° 5,5 Hexachlorobiphenyl(153)

#11 | Double-crested cormorant Hexachlorobiphenyl

#13 | Great blue heron o,p’-DDE, Dieldrin, Hexachlorobiphenyl

3,3’,4,4°5,5° -Hexachlorobiphenyl, (169)

2,2°,3,3’,4,4° —Hexachlorobiphenyl (128)

2,2’,4,4° 5,5 —Hexachlorobiphenyl (101)

#14 | Great blue heron 2,2°,3,4,4’,5° —Hexachlorobiphenyl (138)

2,2’,4,4° 5,5 —Hexachlorobiphenyl (101)

Heptachlorobiphenyl

2,2°,3,3’,4,4°,6,6” —Octachlorobiphenyl (197)

2,2',3,3',4,4’ 5,56 —Nonachlorobiphenyl (206)

2,2°,3,3’,4,5,5°,6,6” -Nonachlorobiphenyl

Decachlorobiphenyl

#15 | Great blue heron 2,2°3,4,4’5’ —Hexachlorobiphenyl (138)

#16 | Great blue heron 2,2°,4,5,5’ -Pentachlorobiphenyl

2,2’,4,4°,5°,6 -Hexachlorobiphenyl

2,2°,3,3’,4,4” —Hexachlorobiphenyl (128)

2,2°,3,4,4’ 5,6 -Heptachlorobiphenyl

#17 | Great blue heron No pesticides detected
#18 | Great blue heron No pesticides detected
#20 | Belted kingfisher No pesticides detected
#21 | Belted kingfisher No pesticides detected
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Pesticide and Organochlorine Scans

Based on these data, we submitted livers for an organochlorine scan to Mississippi State
University. Samples were submitted from Great blue herons (7), Double-crested
cormorants (3; including two cormorants with previously described low cholinesterases,
for which OP analysis were also run) and one osprey. Individuals were chosen based on
species and/or history suggesting chronic debilitation (emaciation) and/or increased
susceptibility (trauma).

The organochlorine scan included the following compounds: Aroclor — 1242, Aroclor —
1248, Aroclor -1254, Aroclor — 1260, HCB, PCB-Total, alpha BHC, alpha chlordane,
beta BHC, cis-nonachlor, delta BHC, dieldrin, endrin, gamma BHC, gamma chlordane,
heptachlor epoxide, mirex, o,p'-DDD, o,p'-DDE, 0,p'-DDT, oxychlordane, p,p'-DDD,
p,p-DDE, p,p'-DDT, toxaphene, and trans- nonachlor. The organophosphate scan
included Alachlor, Azinphos-Methyl, Chlorpyrifos, Coumaphos, Demeton ), Demeton S,
Diazinon, Dimethoate, disulfoton, DPN, Ethoprop, Famphur, Fensulfothion, Malathion,
Methyl parathion, Parathion, Phorate and Phosmet.

All organophosphate results were negative except for trace Dimethoate in two Double-
crested cormorants. Those levels were barely above detectable limits of 0.005 ppm (0.062
and 0.056 ppm). Total p,p’-DDE and PCB concentrations are listed in Table 1. The p,p’-
DDE concentrations detected in the present study were lower than the threshold level
associate with egg-shell thinning (Newton 1979; Newton and Wyllie 1992). A
comparison of PCB concentrations in this study with those found in other birds is
presented in Table 2. The mean p,p’-DDE and PCB levels are higher than concentrations
found in tern and piping plover eggs in Maine. PCB concentrations generally higher in
eggs than in liver, suggesting higher exposure in the birds of the present study relative to
those studied by Mierzykoski. However, levels were lower than those of Cormorants in
Japan. Average PCB levels in the present study are moderate to high relative to those
reported in livers of black guillemots in Labrador with low (range: 15-46 ng/g liver, wet
wt), moderate (24-150 ng/g) and high (170-6200 ng/g) exposure (Kuzyk et al. 2003). In
that study, liver biomarkers were found to respond to relatively low PCB exposures
(approximately 73 ng/g liver).

Table 1. Organochlorine and percentage extractable lipidsin liver, ng/gm liver (wet

weight)
ID | Species % Lipid | Fat Score Wet weight
p,p’-DDE Total PCB
1 Great blue heron 0.61 NA 40 230
2 Great blue heron 0.54 1 690 2,600
3 Great blue heron 0.65 1 610 2,100
4 Great blue heron 0.85 3 12 77
5 Great blue heron 0.94 3 22 ND
6 Great blue heron 0.78 1 280 1,100
7 Great blue heron 0.76 1 140 880
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8 Double-crested 0.82 1 110 630
cormorant

9 Double-crested 0.41 1 180 1,400
cormorant

10 | Double-crested 0.51 1 140 810
cormorant

11 | Osprey 0.99 3 23 510

Table 2. Hepatic DDE and PCB concentrations (mean and range, ng/gm wet wt)

from this study and others.

L ocation species Sample | p,p’-DDE Fat % PCBs Referen
ce
Maine Great blue | Liver 256 0.48 998 Present study
heron (12-690) (0.54-0.94) (230-2,600)
Maine Double- Liver 143 0.58 946 Present study
crested (110-180) (630-1,400)
cormorant
Maine Osprey Liver 23 0.99 510 Present study
Lake Biwa, | Cormorant Liver NA 4.4 3,800 Guruge et al
Japan (600-11,000) (2000)
Maine Common tern | Eggs NA 8.4-10.8 291-764 Mierzykowski
(comp) and Carr (2004)
Maine Least tern Eggs NA 7.8-9.4 430 Mierzykowski
(comp) and Carr (2004)
Maine Piping plover | Eggs NA 16.1 560 Mierzykowski
(comp) and Carr (2004)

In birds, PCB concentrations in avian tissues sometimes positively correlate with DDE
concentrations (Mora et al. 1993). This is because commercial PCB mixtures frequently
contain impurities. In the present study, PCB and DDE concentrations were positively
correlated (p< 0.001). In addition, PCB concentrations are influenced by body condition,
with significantly higher concentrations found in herons with low fat scores (Wienburg
and Shore 2004). In the present study, PCB concentrations were significantly higher in
birds with lower fat score (scale 1=poor, 2=moderately thin, 3=normal)(ANOVA,
p=0.03), and with lower lipid percent (Pearson’s correlation, p=0.02). This is explained
by the fact that fat-stored contaminants concentrate in the liver when peripheral fat is
mobilized.

Ongoing Study
We will continue to collect and test birds during summer 2005. An additional 30 birds
will be tested for cholinesterase levels, and these will be chosen primarily from regions

represented by blueberry and apple agriculture. Ongoing organochlorine analyses will
incorporate additional fish eating species that are not yet represented, including murres
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and loons. Results from this testing will be compared against levels found in past surveys
in Maine waters by researchers at USFWS (Mierzykowski) and in Canada (Burgess).
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BROMINATED FLAME RETARDANTS

Brominated flame retardants (BFRs), especially polybrominated diphenyl ethers
(PBDES) are in widespread use in plastics, fabrics and many other consumer products.
They are found increasingly in the environment, and accumulate like dioxins and PCBs
in lipid of fish and humans. They are known to be endocrine disrupting and neurotoxic.

In 2004 the Maine legislature banned the penta and octa isomers of PBDEs effective as
of 2006, deca isomers as of 2008, and other BFRs -tetrabromobisphenol-A (TBBPA)
and hexabromocyclododecane (HBCD)- as of 2010, with certain exceptions. HBCD is
thought to be bioaccumulative. As required, DEP produced a report regarding PBDEs,
that can be seen at
http://www.maine.gov/dep/rwm/publications/legislativereports/index.htm

Surveys of PBDEs in fish from Maine rivers in 2000 and 2002 found significant
concentrations of many, including tetra and penta isomers. The other most common
PBDEs used, octa and deca isomers, were not measured. The deca isomer, IUPAC #
209, is thought to accumulate in fish and birds like hawks, falcons, and eagles, although
perhaps to a lesser extent than less brominated congeners. PBDEs were measured in
the 2003 fish samples in EPA’s National Study of Chemical Residues in Lake Fish
Tissue. DEP collected samples for the study from 25 lakes from 2000 to 2003, but the
data are not yet available.

In 2004 in conjunction with our other studies, PBDEs, including decas, were measured in
5 fish from the Kennebec River at Fairfield and the Penobscot River at VVeazie. The
results show that many PBDEs are ubiquitous (Table 4.3.1). Measurable levels were
found even in lab blanks, albeit at low detection levels. Some data are reported with a
flag indicating that the blank and sample levels are similar (in red). The lab report
narrative states that "levels less than ten times the background are not generally
considered to be statistically different from the background.” This would indicate that the
flagged levels may be attributed to background levels and, therefore, significant levels
would not be attributed to the field samples.

Total PBDEs ranged from 85-7,400 ng/kg, but the lowest value reflects the omission of
PBDE # 47, which was just below 10 x the blank value (Tables 4.3.1 and 4.3.2). If it had
been added, then the range would be 1,500-7,400 ng/kg for the samples. These results
are significantly lower than levels reported from 2000 and 2002 by a different lab. The
wide disparity between labs and among years demonstrates the difficulty of the analysis.
For comparison, previously reported values in fish from the US have been in the range
1,100-190,000 ng/kg (Rusnak, 2004), which encompasses all but one of our 2000, 2002,
and 2004 results. The Connecticut target level in fish for protection of human consumers
is 530,000 ng/kg. In the 2004 samples, levels of the most commonly found congeners
were within the low end of the range for other US samples, #s 47 (1,500-20,0000 ng/kg) ,
99 (700-59,000 ng/kg), and 100 (400-15,000 ng/kg). No deca PBDE (#209) was found
above background levels in our 2004 samples.
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Table 4.3.1 Summary of Total PBDEs (ng/kg) in Maine fish in 2000, 2002 and 2004

Androscoggin R at Gilead rainbow trout 21,990
Androscoggin R at Rumford Point smallmouth bass 20,910
Androscoggin R at Rumford Point white sucker 3,800
Androscoggin R at Rumford smallmouth bass 7,350
Androscoggin R at Riley smallmouth bass 6,740
Androscoggin R at Riley white sucker 26,960
Androscoggin R at Livermore smallmouth bass 39,390
Androscoggin R at GIP, Auburn smallmouth bass 8,654
Androscoggin R at Lisbon smallmouth bass 39,360

Kennebec R at Norridgewock white sucker 5,180

Kennebec R at Norridgewock smallmouth bass 341

Kennebec R at Fairfield smallmouth bass 546

Kennebec R at Fairfield white sucker 2,562
Kennebec R at Sidney brown trout 7,040

Kennebec R at Sidney smallmouth bass 930

Penobscot R at Mattawamkeag smallmouth bass 5,640 17,000
Penobscot R at Mattawamkeag white sucker 12,730

Penobscot R at S Lincoln smallmouth bass 1,480

Penobscot R at S Lincoln white sucker 66,190

Penobscot R at Costigan smallmouth bass 450 67,000
Penobscot R at Costigan white sucker 66,760 897,000
Penobscot R at Veazie smallmouth bass 12,310 107,000 5,871
Penobscot R at Veazie white sucker 11,060

Penobscot R at Orrington eel 40,090 154,000
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Table 4.3.2 PBDEs in Fish Samples from Maine Rivers, 2004

DEP ID
EXT ID

Compound
2-MoBDE

3-MoBDE

4-MoBDE
2,4-DiBDE
2,4'-DiBDE
2,6-DiBDE
3,3'-DiBDE
BDE-12/13
4,4'-DiBDE
2,2',4-TrBDE
2,3,4-TrBDE
BDE-28/33
2,4,6-TrBDE
2,4',6-TrBDE
3,3,4-TrBDE
3,4,4-TrBDE
2,2'4,4'-TeBDE
2,2'4,5'-TeBDE
2,2',4,6'-TeBDE
2,3,4,4-TeBDE
2,3',4',6-TeBDE
2,4,4',6-TeBDE
3,3,4,4-TeBDE
3,3,4,5-TeBDE
2,2',3,4,4'-PeBDE
2,2',4,4' 5-PeBDE
2,2'4,4',6-PeBDE
2,3,3',4,4'-PeBDE
2,3,4,5,6-PeBDE
2,3'4,4' 5-PeBDE
BDE-119/120
3,3,4,4',5-PeBDE
2,2'3,3',4,4'-HxBDE
2,2'3,4,4'5-HxBDE
2,2',3,4,4',6'-HxBDE
2,2',4,4'55-HxBDE
2,2',4,4'5'6-HxBDE
2,2',4,4',6,6'-HxBDE
2,3,4,4',5,6-HxBDE

2,2',3,4,4'5,6-HpBDE
2,2'.3,4,4'5',6-HpBDE
2,3,3,4,4'5,6-HpBDE
2,2',3,4,4'5,5',6-OcBDE
2,2',3,3,4,4'5,5',6-NoBDE
2,2',3,3',4,4'5,6,6'-NoBDE
2,2',3,3',4,5,5,6,6'-NoBDE

DeBDE
TOTAL

% Lipids
Sample weight (g)
% Solids

IUPAC

0 ~NwWwN -

R
= o

17
25

30
32
35
37
47
49
51
66
71
75
77
79
85
99
100
105
116

126
128
138
140
153
154
155
166
181
183
190
203
206
207
208
209

NN NA ANNNNANNANNA

ANNNNANNANNNANNA

AN
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KFF WHS C7 KFF WHS C9
105402001 105402002
ng/Kg ng/Kg
27.3 < 60.2
19 < 47.7
16 < 25.7
0.626 < 0.624
0.125 < 0.125
0.626 < 0.624
0.338 < 0.624
0.25 < 0.249
3.68 < 0.125
8.5 5.29
2.06 < 3.12
95.4 64.6
0.626 < 0.624
3.13 < 3.12
0.626 < 0.624
0.626 < 0.624
1710 1450
455 36.5
4.65 3.38
5.25 6.35
3.13 < 3.12
2.88 2.01
0.626 < 0.624
0.188 < 0.187
5.71 11.5
116 252
256 246
0.188 < 0.187
235 < 234
4.7 < 4.68
4.7 < 4.68
235 < 234
0.188 < 0.187
1.88 < 1.87
0.25 < 0.249
63.7 68.3
81.5 65.4
1.25 9.15
31.3 < 31.2
3.06 < 14
8.82 < 7.15
4.63 < 20.9
7.48 < 23.2
6.47 < 18.8
13 < 24.4
6.12 < 16.6
152 126
2206 85.5
3.53 4.27
25.6 25.7
22.4 24.2

ANNNNANNANNA

N

AN NNANNA

AN NNA

AAN

ANNNNANA

KFF WHS C10
105402003
ng/Kg

20
9.09
7.76

0.626
0.125
0.626
0.25
0.251
3.82
7.95
2.15
103
0.626
3.13
0.626
0.711
2010
54.2
5.31
0.626
3.13
0.626
0.626
0.188
4.51
89.9
303
0.188
235
4.7
4.7
2
0.188
1.88
0.251
86.8
104

11
31.3
3.09
1.57
7.83

8.5
9.21
14.7
6.75

312
2577

3.76
25.5
21.9

N

NN NN

AN NNAN

ARV

KFF WHS C13
105402004
ng/Kg

10.1
8.48
7.91
0.608
0.126
0.628
0.628
0.496
4.42
11.5
2.78
155
0.628
3.14
0.628
0.628
2970
71
7.15
7.16
3.14
4.32
0.628
0.188
16.4
226
488
0.188
23.6
4.71
471
3.91
0.188
1.88
0.251
109
181
20.1
31.4
3.95
4.18
7.85
11.2
5.28
125
5.56
146
3854

4.46
25.5
22.8



DEP ID IUPAC KFF WHS C15 PBV SMB C1 PBV SMB C3

EXT ID 105402005 105402006 105402007
ng/Kg ng/Kg ng/Kg
Compound
2-MoBDE 1 < 61.5 < 28.5 < 9.26
3-MoBDE 2 < 23.4 < 18.4 < 5.25
4-MoBDE 3 < 13 < 17.6 < 4.23
2,4-DiBDE 7 < 0.596 < 0.617 < 0.627
2,4'-DiBDE 8 < 0.119 < 0.123 < 0.125
2,6-DiBDE 10 < 0.596 < 0.617 < 0.627
3,3'-DiBDE 11 < 0.596 < 0.617 < 0.627
BDE-12/13 0.295 0.275 < 0.251
4,4'-DiBDE 15 3.43 2.71 4.2
2,2',4-TrBDE 17 5.98 2.17 2.32
2,3',4-TrBDE 25 1.74 1.14 1.53
BDE-28/33 69.5 28.8 27.7
2,4,6-TrBDE 30 < 0.596 < 0.617 < 0.627
2,4'.6-TrBDE 32 < 2.98 < 3.08 < 3.14
3,3,4-TrBDE 35 < 0.596 < 0.617 < 0.627
3,4,4'-TrBDE 37 < 0.596 3.21 4.07
2,2',4,4'-TeBDE 47 1670 2200 1510
2,2',4,5'-TeBDE 49 43.9 134 120
2,2',4,6'-TeBDE 51 < 0.119 3.96 3.07
2,3,4,4'-TeBDE 66 8.81 87.1 64.4
2,3',4',6-TeBDE 71 1.45 < 3.08 2.28
2,4,4',6-TeBDE 75 2.45 3.83 2.73
3,3,4,4'-TeBDE 77 < 0.596 < 0.617 < 0.627
3,3,4,5'-TeBDE 79 < 0.179 < 0.185 < 0.188
2,2',3,4,4'-PeBDE 85 67.9 52.4 2.88
2,2',4,4' 5-PeBDE 99 874 2560 1920
2,2',4,4',6-PeBDE 100 309 805 508
2,3,3',4,4'-PeBDE 105 < 0.179 < 0.185 < 0.188
2,3,4,5,6-PeBDE 116 < 22.4 < 23.1 < 23.5
2,3,4,4'5-PeBDE < 4.47 # 12.4 13.3
BDE-119/120 < 4.47 7.85 < 4.71
3,3,4,4',5-PeBDE 126 < 22.4 2.92 < 23.5
2,2',3,3,4,4'-HxBDE 128 < 0.179 < 0.185 < 0.188
2,2',3,4,4'5'-HxBDE 138 14.2 14.3 < 1.88
2,2',3,4,4',6'-HxBDE 140 < 0.238 7.38 3.06
2,2',4,4'5,5'-HxBDE 153 138 347 226
2,2',4,4'5",6-HxBDE 154 146 360 209
2,2',4,4',6,6'-HxBDE 155 115 14.5 7.8
2,3,4,4',5,6-HxBDE 166 < 29.8 < 30.8 < 31.4
2,2',3,4,4'5,6-HpBDE 181 < 3.05 < 4.26 < 5.34
2,2',3,4,4'5',6-HpBDE 183 8.9 8.28 < 2.73
2,3,3,4,4',5,6-HpBDE 190 < 7.45 < 7.71 < 7.84
2,2',3,4,4'5,5',6-OcBDE 203 < 5.54 < 11.3 < 17.8
2,2',3,3,4,4',5,5',6-NoBDE 206 5.88 8.75 9.15
2,2',3,3,4,4',5,6,6'-NoBDE 207 13.1 12.8 14
2,2',3,3,4,5,5',6,6'-NoBDE 208 5.93 6.41 7.22
DeBDE 209 179 146 131
TOTAL 1608 6616 4591
% Lipids 3.55 0.42 0.66
Sample weight (g) 26.8 26 255
% Solids 22.2 21.3 22.6
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DEP ID IUPAC PBV SMB C5 PBV SMB C7 PBV SMB C9

EXT ID 105402008 105402009 105402010
ng/Kg ng/Kg ng/Kg
Compound
2-MoBDE 1 < 8.3 < 12 < 6.85
3-MoBDE 2 < 6.72 < 11.4 < 5.75
4-MoBDE 3 < 4.21 < 10.6 < 7.36
2,4-DiBDE 7 < 0.639 < 0.638 < 0.632
2,4'-DIiBDE 8 < 0.128 < 0.128 < 0.126
2,6-DIBDE 10 < 0.639 < 0.638 < 0.632
3,3-DiBDE 11 < 0.639 < 0.638 < 0.632
BDE-12/13 < 0.255 0.316 < 0.253
4,4'-DiBDE 15 3.98 4.45 5.19
2,2',4-TrBDE 17 2.08 2.28 2.79
2,3'4-TrBDE 25 < 3.19 < 3.19 1.9
BDE-28/33 29.4 25.8 37.3
2,4,6-TrBDE 30 < 0.639 < 0.638 < 0.632
2,4'.6-TrBDE 32 < 3.19 < 3.19 < 3.16
3,3',4-TrBDE 35 < 0.639 < 0.638 < 0.632
3,4,4'-TrBDE 37 < 0.639 3.63 4.23
2,2',4,4'-TeBDE 47 1820 1540 2460
2,2',4,5'-TeBDE 49 155 121 181
2,2',4,6'-TeBDE 51 < 0.128 3.73 4.72
2,3',4,4'-TeBDE 66 89.6 71.5 89.2
2,3',4',6-TeBDE 71 < 3.19 1.83 < 3.16
2,4,4'.6-TeBDE 75 3.45 3.22 < 0.632
3,3',4,4'-TeBDE 77 1.45 1.33 1.07
3,3'4,5-TeBDE 79 < 0.192 < 0.191 < 0.189
2,2',3,4,4'-PeBDE 85 < 4.79 13.1 19.1
2,2',4,4' 5-PeBDE 99 2550 1990 2840
2,2',4,4',6-PeBDE 100 730 524 979
2,3,3',4,4'-PeBDE 105 < 0.192 < 0.191 < 0.189
2,3,4,5,6-PeBDE 116 < 24 < 23.9 < 23.7
2,3',4,4' 5-PeBDE < 4.79 < 4.78 20.7
BDE-119/120 < 4.79 < 4.78 9.8
3,3',4,4',5-PeBDE 126 < 24 < 23.9 2.55
2,2',3,3',4,4'-HXBDE 128 < 0.192 < 0.191 < 0.189
2,2'3,4,4"5'-HxBDE 138 < 1.92 3.13 < 1.89
2,2'3,4,4',6'-HXBDE 140 3.41 < 0.255 5.9
2,2',4,4'55-HXxBDE 153 346 244 382
2,2',4,4'5',6-HXBDE 154 295 224 387
2,2'4,4',6,6'-HXxBDE 155 104 10.6 < 1.26
2,3,4,4'5,6-HXBDE 166 < 31.9 < 31.9 < 31.6
2,2'3,4,4',5,6-HpBDE 181 < 5.9 < 3.37 < 4.46
2,2'3,4,4'5',6-HpBDE 183 < 3.02 3.55 < 2.65
2,3,3',4,4',5,6-HpBDE 190 < 8.67 < 7.97 < 7.9
2,2'3,4,4'5,5',6-OcBDE 203 < 16.4 < 10.3 < 15.7
2,2'3,3,4,4'5,5',6-NoBDE 206 6.62 4.72 8.98
2,2',3,3,4,4',5,6,6'-NoBDE 207 9.53 10.4 14.8
2,2'3,3,4,5,5',6,6'-NoBDE 208 5.55 6.4 8.49
DeBDE 209 130 159 249
TOTAL 6004 4742 7404
% Lipids 0.26 0.59 0.65
Sample weight (g) 25 25.1 25.3
% Solids 22.3 22.3 22.4
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