Newport Bay Toxics—Settlement Agreement


Newport Bay Fish Bioaccumulation Study

Methods and Results

Introduction

The Newport Bay fish bioaccumulation study was conducted to assess bioaccumulation of contaminants in Newport Bay fishes representing a variety of ecological and trophic types. A goal of this study was to determine how bioaccumulation of contaminants varies among the fishes and to evaluate the degree to which bioaccumulation is related to the ecology, phylogeny, or other characteristics of the species. An additional goal of the study was to assess contamination of the fishes of the bay relative to human health and predator (e.g., bird) health concerns. The first year (October 2000-September 2001) study focused on contamination in fish species typically caught by anglers in Newport Bay. The second year study (October 2001-September 2002) focused on contamination in forage fishes. In both years, organic compounds and trace metals were analyzed in the appropriate tissue for the risk assessment of concern (i.e., muscle tissue for recreationally caught fishes for comparison to human health-risk guidelines and whole fish for forage fishes for comparison to predator-risk guidelines). The following provides information on the methods used in collecting and processing the fish examined in the study. 

Sample Collection

Differences in target species between the two risk-assessment studies determined which fish collecting methods were used. Recreational fishes were collected by boat using hook-and-line, long-line, 5.3-m otter trawl (1.2 cm cod-end mesh), and gillnet. Fish where bagged in plastic bags, transported to lab on ice, sorted, then frozen (-20°C) until processing. In contrast, forage fishes (typically found in shallow water) were collected by common seine, beach seine, and lift net. These fish where bagged live, transported to lab on ice, washed on stainless steel screen with deionized water, sorted into clean glass jars with forceps, and then frozen until processing. Recreational fish samples were collected in winter (November-January) 2000-2001, and summer (June-July) 2001. Forage fish samples were collected in winter (March-April) 2002, and summer (July-August) 2002. Collections were made at a various sites within the upper and lower bay (Figure 1). Recreational fishes were not collected in the ecological reserve (i.e., the inner upper bay).  

Sample Processing

Sport fish

Sport (or recreational) fish were processed from August 8-23, 2001.  Chemistry composite sizes of 3 to 10 fish per composite were adjusted following rules suggested in USEPA (1995). To maximize the number of samples across species, composite size was held constant within species but varied, as needed, between species. Within a given composite, the smallest fish selected was within 75% of the largest fish. This criterion sometimes reduced the size of the composite from that expected from field data. In addition, we used the same composite size for a given species in both winter and summer sampling periods.

Sport fish tissues were prioritized by project importance for selected chemical analyses. Tier I represented the bulk of the analysis. These were skin-off muscle tissue samples analyzed for organic compounds and selected trace metals.  Our priorities (with sample aliquot size) were as follows:  Immediate use for chemical analysis (skin-off); organics analysis (50 g); metals analysis  (10 g).
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Figure 1. Map of Newport Bay, California, divided into subregions for this study.  Black diamonds indicate collection sites of fish.  Sampling locations: IU = inner upper bay; OU = outer upper bay; IL = inner lower bay; OL = outer lower bay.
Sport fish dissections were preformed on a Teflon lined table covered by a positive pressure hood having laminar air flow and a Class 100 HEPA filter. Stainless steel dissection equipment was thoroughly cleaned with soap (nonionic) and water, rinsed with deionized water, and sonicated in methanol.  Sterilized stainless steel blades were used during dissections. Fishes were rinsed in de-ionized water to remove visible particles and slim, than shaken of excess water.  Fish were dissected on clean Teflon cutting boards.  The cleaning procedure for cutting boards consisted of scrubbing with soap and water, rinsing with deionized water, rinsing with 5% nitric acid solution, and finishing with a methanol rinse.  All chemistry samples were put in manufacture certified glass jars cleaned to EPA standards. 

The dissection procedure was to free the skin from one side of the fillet portion of a fish by an incision on the outside edges, careful not to puncture the gut cavity (EPA 1995). The incision was made with a skin-removal scalpel. The skin was pulled away from the muscle tissue with a designated skin-removal forceps. A muscle-only scalpel cut 4-7 mm inside of the outer edge incision and loosened the inside portion of the muscle fillet. A muscle-only forceps divided equal weight portions of muscle tissue into the respective pre-labeled jars. The opposite side of the fish was scaled and cleaned of any debris. A clean skin-only scalpel loosened the fillet and a clean skin-only forceps divided equal weight tissue portions into the respective pre-labeled jars. Tissue debris was removed from equipment by rinsing with de-ionized water in between fish of a composite. All equipment was washed then rinsed with de-ionized water, 5% nitric acid solution (except stainless steel), methanol, and de-ionized water again in-between all composites of fish. All tissue filled chemistry jars were immediately stored in a freezer. 

Forage fish

Whereas recreational fishes were larger with few fish per composite, forage fishes were small and required more fish per composite to be suitable for chemical analysis. For larger species, numbers of fish per composite was kept constant within a species, as was done for recreational fish muscle tissue samples. However, for smaller species (e.g., gobies, with lengths of about 25 mm) composites were standardized by weight (e.g., >50 g). The number of whole fish per composite ranged from 4 to 620, depending on the size of the fish, species, and season (Table 5). Not all composite samples were analyzed for contaminants.

Forage fish were processed whole. No dissections occurred during this procedure.  Composite samples were homogenized whole in a glass or stainless steel blender with a stainless steel blade, a silicone or BUNA rubber gasket, and an aluminum foil lined lid.  The fish and an equal weight of deionized water (to facilitate blending) were combined and blended to obtain a smooth homogenate. Aliquots of homogenate were put in clean glass jars and immediately frozen. The blenders were cleaned by washing with soap and water; repeatedly homogenizing and dumping an aliquot of deionized water until particle free, and finally homogenizing three aliquots of methanol. The measured concentrations were doubled to correct for equal weight of water added to samples during homogenization. 

The sport fish group yielded 25 chemistry samples per season for organic and metals analysis. The forage fish group had 25 total chemistry samples for both seasons.

Chemical Analysis

The analytes were chlorpyrifos, endosulfan, toxaphene, total arsenic, total cadmium (prey species only), and total mercury.  Results of some other organic chemicals are reported here; e.g., aldrin, endrin, heptachlor epoxide, methoxychlor, mirex and BHC compounds.  Percent lipids are included in the organic results.

Trace Metals 
Total arsenic (As) and cadmium (Cd) were analyzed following USEPA method 200.8, using inductive coupled plasma mass spectroscopy (ICP-MS).  For arsenic and cadmium analyses, samples were homogenized, freeze-dried, and subjected to total dissolution in a closed vessel bomb.  Total mercury was analyzed following USEPA method 7471A, using cold vapor atomic absorption spectroscopy.  A standard (nitric-sulfuric-persulfate-permanganate) digestion was used for mercury (Hg), with a slightly larger sample.  For quality control, duplicates were analyzed for five samples per batch, and a matrix spike recovery analysis was conducted on five samples per batch.  The target detection limits were as follows:  total As (10 µg/kg wet weight), total Cd (5 µg/kg wet weight) and total Hg (2 µg/kg wet weight). 

Organic Compounds
Organic compounds were extracted and analyzed as follows. Frozen tissue was thawed, and 2 g of tissue was removed and weighed. Each sample was ground with potassium oxalate and Celite 545 to smooth powder and transferred to a syringe with modified and preconditioned C18 SPE column attached to it. The C18 column was modified by adding some Celite 545 before and after C18 silica layer. Pesticides were eluted with 20% water in acetone while lipids were trapped in Celite and C18 column. The eluate was partitioned in separatory funnel first with acetone/methylene chloride (0.5:1 v/v). The organic layer was collected in a flask and then the aqueous layer was partitioned a second time with acetone/methylene chloride (1:1 v/v). The bottom layer was combined with the first extract. The final extract was turbo-evaporated at 35°C and solvent exchanged to 1 mL in hexane.  Lipid determination was done on a separate 2 g tissue sample following the second extraction method.  

Organic compound analyses of muscle tissue (Year 1 and 2) and of whole fish tissue (only in Year 2) were analyzed using gas chromatographic (GC) methods. Blank, duplicate and spike samples were prepared and analyzed with each batch of eight samples.

	Table 1. Total arsenic and total mercury concentrations found in sport fish muscle tissue collected

	during the winter of  2000-2001 at Newport Bay, California, with quality contol (QC) duplicates and

	matrix spike sample recoveries.
	
	
	
	
	

	
	
	Comp.
	Total Solids
	Total Arsenic
	Total Mercury
	# Fish per
	

	Fish Species
	Location
	No.
	(% wet wt.)
	(mg/Kg)
	(mg/Kg)
	Composite
	

	Barred Sand Bass
	OL
	1
	21.30
	0.65
	0.057
	3
	

	Black Perch
	OU
	1
	21.20
	0.53
	0.024
	3
	

	Black Perch
	OL
	1
	21.20
	0.96
	0.038
	3
	

	Black Perch
	OL
	2
	20.40
	0.86
	0.033
	3
	

	Black Perch
	OL
	3
	20.10
	0.69
	0.031
	4
	

	California Halibut
	OU
	1
	21.90
	0.58
	0.035
	4
	

	California Halibut
	OU
	2
	21.60
	0.85
	0.026
	4
	

	California Halibut
	OU
	3
	22.80
	0.47
	0.022
	4
	

	California Halibut
	OL
	1
	20.70
	0.91
	0.031
	4
	

	California Halibut
	OL
	2
	21.40
	0.41
	0.075
	4
	

	C-O Sole
	OL
	1
	20.30
	5.74
	0.059
	4
	

	C-O Sole
	OL
	2
	21.00
	5.01
	0.026
	4
	

	Diamond Turbot
	OU
	1
	20.70
	1.82
	0.009
	6
	

	Diamond Turbot
	OU
	2
	23.20
	3.89
	0.018
	6
	

	Diamond Turbot
	OU
	3
	22.00
	2.85
	0.010
	6
	

	Diamond Turbot
	OL
	1
	22.40
	4.20
	0.023
	6
	

	Diamond Turbot
	OL
	2
	23.10
	3.45
	0.051
	6
	

	Fantail Sole
	OL
	1
	19.80
	0.97
	0.046
	5
	

	Shiner Perch
	OU
	1
	21.00
	0.67
	0.023
	8
	

	Spotted Sand Bass
	OU
	1
	22.00
	0.47
	0.090
	3
	

	Spotted Sand Bass
	OL
	1
	21.90
	0.63
	0.077
	3
	

	Spotted Turbot
	OU
	1
	21.00
	3.92
	0.021
	4
	

	Spotted Turbot
	OL
	1
	20.90
	7.28
	0.053
	4
	

	Spotted Turbot
	OL
	2
	21.40
	8.57
	0.030
	4
	

	Spotted Turbot
	OL
	3
	20.80
	5.53
	0.049
	4
	

	Quality Control (QC) Duplicates
	 
	 
	 
	
	

	Barred Sand Bass
	OL
	1
	20.30
	0.64
	--
	
	

	California Halibut
	OU
	1
	--
	--
	0.037
	
	

	California Halibut
	OL
	2
	21.40
	0.43
	--
	
	

	Spotted Sand Bass
	OU
	1
	--
	--
	--
	
	

	Spotted Sand Bass
	OL
	1
	--
	--
	0.079
	
	

	
	
	
	
	QC expected ranges
	
	

	Avg. Spike Recovery
	 
	 
	(70 - 130%)
	(60 - 130%)
	
	

	Barred Sand Bass
	OL
	1
	
	106
	--
	
	

	California Halibut
	OU
	1
	
	--
	73
	
	

	California Halibut
	OL
	2
	
	123
	--
	
	

	Spotted Sand Bass
	OU
	1
	
	--
	--
	
	

	Spotted Sand Bass
	OL
	1
	 
	--
	76
	
	

	Sample numbers 1 - 19 had target reporting limits of 0.02 and 0.002 for arsenic and mercury
	
	

	Sample numbers 20 - 25 had target reporting limits of 0.02 and 0.005 for arsenic and mercury
	

	QC control limits are expected ranges which spike sample recoveries should meet.  % R means percent recovery

	Sampling locations: IU = inner upper bay; OU = outer upper bay; IL = inner lower bay; OL = outer lower bay.
	


	Table 2.  Chloropyrifos concentrations in sport fish muscle tissue collected during the winter of 2000-2001 from Newport Bay, California, with quality contol (QC) duplicates and matrix spike sample recoveries.  

	
	
	Composite
	Chloropyrifos
	Lipid

	Fish Species
	Location
	No.
	(µg/Kg)
	(%)

	Barred Sand Bass
	OL
	1
	ND
	0.75

	Black Perch
	OU
	1
	ND
	0.83

	Black Perch
	OL
	1
	ND
	0.77

	Black Perch
	OL
	2
	ND
	0.63

	Black Perch
	OL
	3
	ND
	0.76

	California Halibut
	OU
	1
	ND
	0.39

	California Halibut
	OU
	2
	ND
	0.61

	California Halibut
	OU
	3
	ND
	0.55

	California Halibut
	OL
	1
	ND
	0.51

	California Halibut
	OL
	2
	ND
	0.43

	C-O Sole
	OL
	1
	ND
	0.53

	C-O Sole
	OL
	2
	ND
	0.46

	Diamond Turbot
	OU
	1
	ND
	0.40

	Diamond Turbot
	OU
	2
	ND
	0.86

	Diamond Turbot
	OU
	3
	ND
	0.41

	Diamond Turbot
	OL
	1
	ND
	0.56

	Diamond Turbot
	OL
	2
	ND
	0.63

	Fantail Sole
	OL
	1
	ND
	0.39

	Shiner Perch
	OU
	1
	ND
	0.46

	Spotted Sand Bass
	OU
	1
	ND
	0.52

	Spotted Sand Bass
	OL
	1
	ND
	0.9

	Spotted Turbot
	OU
	1
	ND
	0.59

	Spotted Turbot
	OL
	1
	ND
	0.60

	Spotted Turbot
	OL
	2
	ND
	0.55

	Spotted Turbot
	OL
	3
	ND
	0.48

	Quality Control (QC) Duplicates
	 
	 
	

	California Halibut
	OL
	2
	ND
	

	C-O Sole
	OL
	2
	ND
	

	Diamond Turbot
	OU
	2
	ND
	

	Avg. Spike Recovery
	 
	% R
	

	California Halibut
	OL
	2
	618  
	

	C-O Sole
	OL
	2
	121  
	

	Diamond Turbot
	OU
	2
	94  
	

	 ND = not detected; minimum detection limit = 5 µg/kg. QC control limits are expected ranges 
	

	which spike sample recoveries should meet. 
	
	
	

	Sampling locations: IU = inner upper bay; OU = outer upper bay; IL = inner lower bay; OL = outer lower bay.

	% R = average percent recovery (expected range = 70-130%)
	
	


	Table 3. Total arsenic and total mercury concentrations in sport fish muscle tissue collected at

	Newport Bay, California in summer 2001, with quality contol (QC) duplicates and matrix spike

	sample recoveries
	
	
	
	
	
	
	

	
	
	Comp.
	Total Solids
	Total Arsenic
	Total Mercury
	#  Fish per
	

	Fish Species
	Loc.
	No.
	(% wet wt.)
	(mg/Kg)
	(mg/Kg)
	Composite
	

	barred sand bass
	OL
	1
	20.2
	0.44
	0.100
	3
	

	black perch
	OL
	1
	17.9
	0.50
	0.028
	3
	

	black perch
	OL
	2
	18.9
	0.40
	0.035
	3
	

	black perch
	OL
	3
	18.5
	0.58
	0.042
	3
	

	California corbina
	OL
	1
	24.9
	1.24
	0.056
	3
	

	California corbina
	OL
	2
	23.6
	1.15
	0.062
	3
	

	California corbina
	OL
	3
	24.5
	1.57
	0.077
	3
	

	California halibut
	OL
	1
	19.1
	0.52
	0.029
	4
	

	diamond turbot
	OU
	1
	22.3
	2.52
	0.025
	6
	

	diamond turbot
	OU
	2
	22.3
	2.89
	0.035
	6
	

	diamond turbot
	OL
	1
	21.3
	2.12
	0.036
	6
	

	jacksmelt
	OU
	1
	25.5
	0.51
	0.118
	6
	

	jacksmelt
	OU
	2
	26.4
	0.53
	0.103
	6
	

	jacksmelt
	OU
	3
	25.1
	0.58
	0.136
	6
	

	kelp bass
	OL
	1
	19.8
	0.49
	0.019
	5
	

	spotfin croaker
	OL
	1
	22.0
	0.68
	0.030
	6
	

	spotfin croaker
	OL
	2
	23.4
	0.93
	0.027
	6
	

	spotted sand bass
	OL
	1
	20.5
	0.22
	0.100
	3
	

	spotted sand bass
	OL
	2
	21.0
	0.24
	0.127
	3
	

	spotted sand bass
	OL
	3
	20.1
	0.25
	0.165
	3
	

	yellowfin croaker
	OL
	1
	23.3
	0.36
	0.069
	4
	

	yellowfin croaker
	OL
	2
	22.3
	0.34
	0.114
	4
	

	yellowfin croaker
	OL
	3
	21.9
	0.47
	0.107
	4
	

	yellowfin croaker
	IL
	1
	19.8
	0.49
	0.073
	4
	

	yellowfin croaker
	IL
	2
	20.9
	0.27
	0.238
	4
	

	Quality Control (QC) Duplicates
	 
	 
	 
	
	

	California corbina
	OL
	3
	25.9
	1.59
	0.066
	
	

	jacksmelt
	OU
	1
	25.3
	0.52
	--
	
	

	yellowfin croaker
	OL
	1
	--
	--
	0.070
	
	

	
	
	
	
	QC expected ranges
	
	

	Avg. Spike Recovery
	 
	 
	(70 - 130%)
	(60 - 130%)
	
	

	California corbina
	OL
	3
	--
	77
	101
	
	

	jacksmelt
	OU
	1
	--
	88
	--
	
	

	yellowfin croaker
	OL
	1
	--
	--
	106
	
	

	Total arsenic sample numbers 1-3,5,17-19,24 had target reporting limits of 0.05, all others had 0.04 reporting limits.

	Total mercury sample numbers 9,16 had target reporting limits of 0.004, sample number 3 had a reporting limit of 

	0.003, all others had 0.002 reporting limits.  
	
	
	
	

	Mg/kg is equivalent to ppm (parts per million).
	
	
	
	

	Methods:Freeze dry for tissue solids; PSEP 6020 for arsenic; METHOD 7471A for mercury.
	

	Dilution factors for samples ranged from 5 for all arsenic samples and 1or 2 for mercury.
	

	All method blanks had nondetectable results,all laboratory control spiked samples within expected recoveries.

	Sampling locations: IU = inner upper bay; OU = outer upper bay; IL = inner lower bay; OL = outer lower bay.


	Table 4.  Chloropyrifos concentrations found in sport fish muscle tissue collected during the summer of 2001 from Newport Bay, California, with quality contol (QC) duplicates and matrix spike sample recoveries.  

	
	
	Composite
	Chloropyrifos
	Lipid

	Fish Species
	Location
	No.
	(µg/Kg)
	(%)

	barred sand bass
	OL
	1
	ND
	1.33

	black perch
	OL
	1
	ND
	0.56

	black perch
	OL
	2
	ND
	0.77

	black perch
	OL
	3
	ND
	0.63

	California corbina
	OL
	1
	ND
	4.48

	California corbina
	OL
	2
	ND
	4.94

	California corbina
	OL
	3
	ND
	4.38

	California halibut
	OL
	1
	ND
	0.58

	diamond turbot
	OU
	1
	ND
	0.47

	diamond turbot
	OU
	2
	ND
	0.68

	diamond turbot
	OL
	1
	ND
	0.63

	jacksmelt
	OU
	1
	ND
	1.13

	jacksmelt
	OU
	2
	ND
	1.45

	jacksmelt
	OU
	3
	ND
	1.33

	kelp bass
	OL
	1
	ND
	0.69

	spotfin croaker
	OL
	1
	ND
	0.97

	spotfin croaker
	OL
	2
	ND
	2.50

	spotted sand bass
	OL
	1
	ND
	0.66

	spotted sand bass
	OL
	2
	ND
	1.07

	spotted sand bass
	OL
	3
	ND
	0.75

	yellowfin croaker
	OL
	1
	ND
	2.89

	yellowfin croaker
	OL
	2
	ND
	1.52

	yellowfin croaker
	OL
	3
	ND
	1.92

	yellowfin croaker
	IL
	1
	ND
	0.80

	yellowfin croaker
	IL
	2
	ND
	1.37

	Quality Control (QC) Duplicates
	 
	 
	

	diamond turbot
	OU
	1
	ND
	

	diamond turbot
	OU
	2
	ND
	

	yellowfin croaker
	OL
	1
	ND
	

	
	
	
	 
	

	Avg. Spike Recovery
	 
	% R
	

	diamond turbot
	OU
	1
	116
	

	diamond turbot
	OU
	2
	109
	

	yellowfin croaker
	OL
	1
	116
	

	Minimum dection limits = 5 µg/kg.  QC control limits are expected ranges which spike sample recoveries should meet.

	% R = average percent recovery (expected range 70-130%)
	
	

	Sampling locations: IU = inner upper bay; OU = outer upper bay; IL = inner lower bay; OL = outer lower bay.


	Table 5. Total arsenic, total mercury, and total cadmium found in forage whole fish composites collected in

	Newport Bay, California in late winter (Mar.-April) and summer (Aug.-Sept.) 2002, with quality contol

	(QC) duplicates and matrix spike sample recovery.
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	Total
	Total
	Total
	Total
	No. Fish

	
	
	Composite
	Solids
	Arsenic
	Mercury
	Cadmium
	Per

	Fish Species
	Location
	No.
	(% wet wt.)
	(mg/Kg)
	(mg/Kg)
	(mg/Kg)
	Composite

	California killifish
	IL
	W-1
	23.20
	0.50
	0.012
	ND
	31

	Pacific staghorn sculpin
	OL
	W-1
	15.10
	0.36
	0.010
	0.01
	36

	Arrow goby
	OU
	W-1
	15.22
	0.30
	0.006
	ND
	620

	Arrow goby
	IU
	W-1
	14.20
	0.26
	0.004
	ND
	460

	California halibut
	OL
	W-1
	23.60
	1.00
	0.026
	ND
	4

	California killifish
	OU
	S-1
	21.20
	0.92
	0.008
	ND
	20

	California killifish
	IU
	S-1
	20.20
	0.88
	0.008
	ND
	20

	Topsmelt
	OL
	S-1
	19.74
	0.46
	0.006
	0.03
	172*

	Topsmelt
	IL
	S-1
	18.10
	0.30
	0.008
	ND
	240*

	Topsmelt
	IL
	S-2
	16.72
	0.30
	0.006
	ND
	240*

	Topsmelt
	IL
	S-3
	15.06
	0.26
	0.006
	ND
	245*

	Topsmelt
	IU
	S-1
	20.80
	0.50
	0.006
	0.01
	230*

	Pacific staghorn sculpin
	OL
	S-1
	23.20
	0.80
	0.016
	0.01
	36

	Pacific staghorn sculpin
	IL
	S-1
	24.20
	0.50
	0.018
	ND
	36

	Pacific staghorn sculpin
	OU
	S-1
	21.20
	0.40
	0.008
	ND
	36

	Black perch
	OL
	S-1
	18.44
	0.76
	0.012
	ND
	8

	Shiner perch
	OL
	S-1
	19.12
	0.68
	0.008
	ND
	22

	Arrow goby
	IL
	S-1
	14.02
	0.36
	0.014
	ND
	500

	Arrow goby
	OU
	S-1
	20.80
	0.88
	0.010
	ND
	280

	Arrow goby
	IU
	S-1
	17.86
	0.48
	0.004
	ND
	210

	Cheekspot goby
	IL
	S-1
	17.72
	0.52
	0.020
	ND
	266

	California halibut
	OL
	S-1
	24.00
	0.54
	0.016
	ND
	4

	California halibut
	IL
	S-1
	24.60
	0.44
	0.014
	ND
	4

	Diamond turbot
	IL
	S-1
	15.78
	1.20
	0.010
	ND
	6

	Quality Control (QC) Duplicates
	 
	 
	 
	 
	
	

	Pacific staghorn sculpin
	OL
	S-1
	20.20
	0.88
	0.014
	ND
	

	Black perch
	OL
	S-1
	21.00
	0.82
	0.010
	ND
	

	
	
	
	
	
	
	
	

	
	
	
	
	QC expected ranges
	

	Avg. Spike Recovery
	 
	 
	 
	70-130%
	60-130%
	70-130%
	

	Pacific staghorn sculpin
	OL
	S-1
	--
	96         
	86
	90
	

	Black perch
	OL
	S-1
	--
	100         
	92
	96
	

	Total arsenic target reporting limits: 0.04 mg/Kg  for samples 3, 11, 12, 16, 19-21, 23, 24; 0.05 mg/Kg for4, 6-10, 17, 18, 22; 

	and 0.06 mg/Kg for 1, 2, 5, 13-15.  Total mercury had reporting limits of 0.002 mg/Kg for samples 1-24.  Total cadmium

	reporting limits: 0.004 mg/Kg for samples 3, 11, 12, 16, 19-21,  23, 24; 0.005 mg/Kg for 4, 6-10, 17, 18, 22; and 0.006 mg/Kg 

	for 1, 2, 5, 13-15.  Methods:Freeze dry for tissue solids; EPA 200.8 for arsenic and cadmium; EPA 7471A for mercury; 

	Analysis dilution factors were 5 for arsenic and cadmium, and 1 for mercury (5 for spikes).
	
	

	All method blanks were nondetectable; all laboratory control spiked samples were within expected recoveries. 

Composite no. = season and composite number after dissections. Lab sample no. = number assigned to the sample by the analytical laboratory. 

	 * number of fish per composite was estimated by weight.
	
	
	

	Contaminant concentrations are corrected (doubled) to compensate for 1:1 tissue to water dilution during homogenization.


	Table 6. Chloropyrifos concentrations found in forage whole fish composites collected in the winter and

	summer of 2002 from Newport Bay, California. 
	
	

	
	
	Composite
	Chloropyrifos
	Lipid

	Fish Species
	Location
	No.
	(µg/Kg)
	(%)

	California killifish
	IL
	W-1
	ND
	1.57

	Pacific staghorn sculpin
	OL
	W-1
	ND
	0.85

	Arrow goby
	OU
	W-1
	ND
	1.21

	Arrow goby
	IU
	W-1
	ND
	1.17

	California halibut
	OL
	W-1
	ND
	1.06

	California killifish
	OU
	S-1
	ND
	1.43

	California killifish
	IU
	S-1
	ND
	1.44

	Topsmelt
	OL
	S-1
	ND
	1.70

	Topsmelt
	IL
	S-1
	ND
	1.77

	Topsmelt
	IL
	S-2
	ND
	1.47

	Topsmelt
	IL
	S-3
	ND
	1.41

	Topsmelt
	IU
	S-1
	ND
	1.48

	Pacific staghorn sculpin
	OL
	S-1
	ND
	1.20

	Pacific staghorn sculpin
	IL
	S-1
	ND
	1.65

	Pacific staghorn sculpin
	OU
	S-1
	ND
	1.68

	Black perch
	OL
	S-1
	ND
	1.14

	Shiner perch
	OL
	S-1
	ND
	1.02

	Arrow goby
	IL
	S-1
	ND
	0.87

	Arrow goby
	OU
	S-1
	ND
	1.48

	Arrow goby
	IU
	S-1
	ND
	1.74

	Cheekspot goby
	IL
	S-1
	ND
	1.54

	California halibut
	OL
	S-1
	ND
	0.96

	California halibut
	IL
	S-1
	ND
	0.81

	Diamond turbot
	IL
	S-1
	ND
	0.84

	Avg. Spike Recovery
	 
	 
	% R
	 

	Lab Control
	Lab
	           Sp, Du
	98    
	

	Lab Control
	Lab
	2
	99    
	

	Lab Control
	Lab
	3
	102    
	

	Std. Ref. Mat.
	Lab
	1
	NA  
	

	Std. Ref. Mat.
	Lab
	2
	
	

	Carp 1 Ref.
	Lab
	1, 2, 3
	
	

	Pacific staghorn sculpin
	IL
	           Sp, Du
	
	

	Pacific staghorn sculpin
	OL
	           Sp, Du
	
	

	Pacific staghorn sculpin
	OU
	           Sp, Du
	 
	 

	Quality control limits are expected ranges for spike sample recoveries.  % R = percent recovery. Average recoveries could be

	multiple samples of the same tissue as indicated in the Comp No. category.  Su, Du = spiked matrix sample and its duplicate.  

	Loc. = sampling locations: IU = inner upper bay; OU = outer upper bay; IL = inner lower bay; OL = outer lower bay.

	Contaminant concentrations are corrected (doubled) to compensate for 1:1 tissue to water dilution during homogenization.


	Table 7.  Endosulfan and toxaphene concentrations found in sport fish muscle tissue collected during the summer of 2001 from Newport Bay, California, with quality contol (QC) duplicates and matrix spike sample recoveries.  

	
	
	Endosulfan *
	Toxaphene
	Lipid

	Fish Species
	Location
	(µg/Kg)
	(µg/Kg)
	(%)

	barred sand bass
	OL-1
	ND
	ND
	1.33

	California corbina
	OL-1
	ND
	ND
	4.48

	California corbina
	OL-2
	ND
	ND
	4.94

	California halibut
	OL-1
	ND
	ND
	0.58

	diamond turbot 
	OU-1
	ND
	ND
	0.47

	diamond turbot(skin-on)
	OL-1
	ND
	ND
	0.63

	jacksmelt
	OU-1
	ND
	ND
	1.13

	spotfin croaker
	OL-1
	ND
	ND
	0.97

	spotted sand bass
	OL-1
	ND
	ND
	1.07

	yellowfin croaker
	OL-1
	ND
	ND
	2.89

	
	
	
	

	Quality Control (QC) Duplicates
	 
	 
	

	diamond turbot
	OU
	1
	ND
	

	
	
	
	
	

	Avg. Spike Recovery
	 
	
	

	diamond turbot
	OU
	1
	78%
	

	

	Endosulfan = endosulfate + endosulfan—I + endosulfan—II.   Minimum dection limits = 2 µg/kg.  

Toxaphene minimum detection limit = 10 ug/kg.

	% R = average percent recovery (expected range 70-130%)
	
	

	Sampling locations: IU = inner upper bay; OU = outer upper bay; IL = inner lower bay; OL = outer lower bay.


	Table 8.  Arsenic speciation concentrations found in sport fish muscle tissue collected during the summer of 2001 from Newport Bay, California, with quality contol (QC) duplicates and matrix spike sample recoveries.  



	
	
	Total  Arsenic
	
	Inorganic  Arsenic

	Sample ID
	Fish type
	dry wt. total
	% solids
	wet wt. ug/g
	
	dry wt inorg.
	% solids
	wet wt. ug/g

	DTOUW01-01-3
	diamond turbot
	5.461
	0.2399
	1.310
	
	0.021
	0.2399
	0.005

	DTOLW01-01-2
	diamond turbot
	10.814
	0.2432
	2.630
	
	0.012
	0.2432
	0.003

	CSOLW01-01-1
	C-O sole
	30.766
	0.2181
	6.710
	
	0.046
	0.2181
	0.010

	CSOLW01-01-2
	C-O sole
	31.369
	0.2206
	6.920
	
	0.023
	0.2206
	0.005

	CHOLW01-01-2
	California halibut
	1.883
	0.2264
	0.426
	
	0.013
	0.2264
	0.003

	CHOUW01-01-1
	California halibut
	3.276
	0.2375
	0.778
	
	0.013
	0.2375
	0.003

	BPOLW01-01-1
	Black perch
	3.164
	0.2102
	0.665
	
	0.019
	0.2102
	0.004

	SSBOUW01-01-1
	spotted sand bass
	2.110
	0.2317
	0.489
	
	0.026
	0.2317
	0.006

	SSBOLW01-01-1
	spotted sand bass
	2.871
	0.217
	0.623
	
	0.014
	0.217
	0.003

	STOLW01-01-1
	spotted turbot
	28.952
	0.21
	6.080
	
	0.095
	0.21
	0.020

	
	
	
	

	Quality Control (QC) samples
	analysis 
	% recovery
	

	DORM-2
	Standard reference material
	As-total
	98.4
	

	LCS (corn oil)
	Standard reference material
	As-inorganic
	98.6
	

	
	
	
	
	

	Avg. Spike Recovery
	analysis 
	% recovery
	

	CHOUW01-01-1
	California halibut
	As-total
	112
	

	STOLW01-01-1
	spotted turbot
	As-inorganic
	73.6
	

	

	Minimum dection limits = 0.015 µg/g ww As-total; 0.005 ug/g ww As-inorganic.  

QC control limits are expected ranges which spike sample recoveries should meet.

	% R = average percent recovery (expected range 70-130%)
	
	

	Sampling locations: IU = inner upper bay; OU = outer upper bay; IL = inner lower bay; OL = outer lower bay.


	Table 9. Fish species collected in Newport Bay in 2000 to 2002 for analysis of organic compounds and trace metals.

	
	
	Muscle
	
	Whole Fish

	Fish Species
	Winter
	Summer
	
	Winter
	Summer

	Common Name
	Scientifiic Name
	2000/2001
	2001
	 
	2002
	2002

	
	
	
	
	
	
	

	topsmelt
	Atherinops affinis
	-
	-
	
	-
	X

	jacksmelt
	Atherinopsis californiensis
	-
	X
	
	-
	-

	California killifish
	Fundulus parvipinnis
	-
	-
	
	X
	X

	Pacific staghorn sculpin
	Leptocottus armatus
	-
	-
	
	X
	X

	kelp bass
	Paralabrax clathratus
	-
	X
	
	-
	-

	spotted sand bass
	Paralabrax maculatofasciatus
	X
	X
	
	-
	-

	barred sand bass
	Paralabrax nebulifer
	X
	X
	
	-
	-

	California corbina
	Menticirrhus undulatus
	-
	X
	
	-
	-

	spotfin croaker
	Roncador stearnsii
	-
	X
	
	-
	-

	yellowfin croaker
	Umbrina roncador
	-
	X
	
	-
	-

	shiner perch
	Cymatogaster aggregata
	X
	-
	
	-
	X

	black perch
	Embiotoca jacksoni
	X
	X
	
	-
	X

	arrow goby
	Clevelandia ios
	-
	-
	
	X
	X

	cheekspot goby
	Ilypnus gilberti
	-
	-
	
	-
	X

	California halibut
	Paralichthys californicus
	X
	X
	
	X
	X

	fantail sole
	Xystreurys liolepis
	X
	-
	
	-
	-

	C-O sole
	Pleuronichthys coenosus
	X
	-
	
	-
	-

	diamond turbot
	Pleuronichthys guttulatus
	X
	X
	
	-
	X

	spotted turbot
	Pleuronichthys ritteri
	X
	-
	
	-
	-
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