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LCR TOXICS SUMMARY
Overall Approach
In order to determine the extent and magnitude of toxic chemicals in the LCR study area, analytical sediment chemistry information was evaluated from databases developed by Tetra Tech and linked to the LCREP website (http://www.lcrep.org/tech_info.htm) and from the Washington State Department of Ecology’s SEDQUAL database (http://www.ecy.wa.gov/programs/tcp/smu/sedqualfirst.htm).  A total of 21 contaminants were chosen for evaluation based on their known presence in the estuary and the availability of  published regulatory benchmarks for freshwater sediment.   Contaminants chosen represented polynuclear hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and pesticides.  Table 1 presents the list of contaminants included in the evaluation, and the threshold effects levels (TELs) and probable effects levels (PELs) for freshwater sediment obtained from the NOAA screening Quick Reference Tables (SQuiRTs) database (http://response.restoration.noaa.gov/cpr/sediment/squirt/squirt.html).  
Table 1.  Contaminants Included in Assessment and Regulatory Criteria

	Contaminant
	Freshwater

Sediment TEL
	Freshwater

Sediment PEL

	Metals (ppm dry)

	Arsenic
	5.9
	17.0

	Cadmium
	0.6
	3.5

	Chromium
	37.3
	90.0

	Copper
	35.7
	197.0

	Lead
	35.0
	91.3

	Mercury
	0.174
	0.486

	Nickel
	18.0
	35.9

	Zinc
	123.1
	315.0

	Pesticides (ppb dry)

	Heptachlor epoxide
	0.60
	2.74

	Endrin
	2.67
	62.4

	Dieldrin
	2.85
	6.67

	Total DDD(a)
	3.54
	8.51

	Total DDE(b)
	1.42
	6.75

	Total DDT
	6.98
	4450

	PAHs and PCBs (ppb dry)

	Pyrene
	53
	875

	Phenanthrene
	41.9
	515

	Fluoranthene
	111
	2355

	Chrysene
	57
	862

	Benza(a)pyrene
	32
	782

	Benzo(a)anthracene
	32
	385

	Total PCBs
	34
	277


a.  p,p-DDD criteria used
b.  p,p-DDe criteria used

Impact Assessment and Graphical Display
In order to determine whether selected contaminants in the study area were present at levels of concern, detected concentrations were compared to TEL and PEL criteria for freshwater sediment.  The results were then displayed using the GIS platform to show contaminant impact trends in the study area.  Four impact categories were developed, based on comparison of individual chemical concentrations to TEL and PEL benchmarks (Table 1).  A large potential for adverse impact was predicted when the observed chemical concentration exceeded the probable effects level (PEL) for a given chemical; moderate impacts and small impacts were predicted based on comparison to TEL.  When concentrations were undetected or values were qualified, comparisons to regulatory benchmarks were not made, but data were included in the GIS as open circles in order to display spatial sampling coverage in the study area.  
Table 1.  Impact Assessment Methodology for Sediment Contaminants
	Impact Category
	Definition
	Score
	GIS

Color Code

	Large potential 

for adverse impact
	Detected concentration of a contaminant ≥ PEL
	3
	Red

	Moderate potential 

for adverse impact
	Detected concentration of a contaminant ≥ TEL but <PEL
	2
	Yellow

	Small potential

for adverse impact
	Detected concentration of a contaminant <TEL
	1
	Green

	Impact assessment 

not determined
	Concentration of a contaminant undetected or qualified
	0
	Open circles


Results
Summary results are presented in Figure 1 and Table 2.  Additional information is provided in Attachments 1-3.  Figure 1 shows the large-scale reach designations developed for the GIS platform; Table 2 provides a semi-qualitative assessment of impact for the four impact categories at the large-scale reach scale.  Site specific impacts are not discussed here, but are available by using a query function associated with the GIS platform.  

For metals, a moderate potential for adverse impacts is predicted at reaches associated with the mouth of the river, and at some of the middle reaches of the study area.  A large potential for adverse impacts is predicted for all metals in sediment samples from Reach G, which is located at the confluence of the Columbia and Willamette rivers (Figure 1).  Pesticides were generally undetected or concentrations were qualified at all reaches except Reach G, where there was a high potential for adverse impact based on comparison to TEL and PEL criteria (Figure 1).  For PAHs, a moderate potential for adverse impact was predicted at most reaches for pyrene, phenanthrene, fluoranthene, and chrysene, and a small potential was expected for benzo(a)pyrene and benzo(a)anthracene.  Moderate impacts associated with total PCBs was predicted at the two reaches near the mouth of the Columbia River.  Large impacts were predicted for all PAHs associated with sediment from Reach G (Figure 1).  
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Figure 1.  Large-scale Reach Designations

Table 2.  Semi-Quantititave Assessment of Potential for 
Adverse Impacts at Each Large-scale Reach

	Contaminant
	Large-scale Reach Identifier

	
	River Mouth
	Middle Reaches
	Upper Reaches

	
	A
	B
	C
	D
	E
	F
	G
	H

	Arsenic
	
	
	
	
	
	
	
	

	Cadmium
	
	
	
	
	
	
	
	

	Chromium
	
	
	
	
	
	
	
	

	Copper
	
	
	
	
	
	
	
	

	Lead
	
	
	
	
	
	
	
	

	Mercury
	
	
	
	
	
	
	
	

	Nickel
	
	
	
	
	
	
	
	

	Zinc
	
	
	
	
	
	
	
	

	Heptachlor epoxide
	O
	O
	O
	O
	O
	O
	
	O

	Endrin
	O
	O
	O
	O
	O
	O
	
	O

	Dieldrin
	O
	O
	O
	O
	O
	O
	
	O

	Total DDD(a)
	O
	O
	O
	O
	O
	O
	
	O

	Total DDE(b)
	O
	O
	O
	O
	O
	O
	
	O

	Total DDT
	O
	O
	No data
	
	No data

	Pyrene
	
	
	
	
	
	
	
	

	Phenanthrene
	
	
	
	
	
	
	
	

	Fluoranthene
	
	
	
	
	
	
	
	

	Chrysene
	
	
	
	
	
	
	
	

	Benza(a)pyrene
	
	
	
	
	
	
	
	

	Benzo(a)anthracene
	
	
	
	
	
	
	
	

	Total PCBs
	
	
	O
	O
	O
	O
	
	O

	Legend>>>
	O = qualified data
	Low potential
	Moderate potential
	High potential


Discussion

Contaminants of potential environmental concern are present in the Lower Columbia River estuary at concentrations that may result in acute or chronic impacts to sensitive freshwater or estuarine species.  In some cases, contaminant patterns suggest discreet chemical “hotspots” while in other cases, chemical contamination appears to be present at low but persistent levels throughout the study area.  While the data and results presented here suggest a moderate or high potential for adverse effects, it is not possible to quantitatively determine the true impact until the bioavailability of the given chemical or chemicals is known.  Factors controlling bioavailability include the measured concentration of the contaminant, the contaminant form (e.g. elemental or methyl mercury), the position of the contamination vertically or horizontally in the sediment (i.e., located at the surface or buried under cleaner material and beyond the biogenic zone), the physical/chemical characteristics of the sediment (grain size, total organic carbon), and the susceptibility of the contaminated material to resuspension and deposition under current conditions or during remediation.  Some of this information is available in historical data, come can only be inferred, given the date of the sampling and the general location of the collections.
Because the Lower Columbia River and its tributaries are a dynamic system, our ability to predict adverse impacts is less precise when older information is evaluated.  .  For example, of the 25 SEDQUAL samples that produced a high potential for adverse impacts for arsenic, 15 were collected between 1989 and 1994, and only 5 were collected within the last 7 years.  Similarly, fluoranthene was observed at nearly all reaches at concentrations predicted to result in a moderate to high potential for adverse impacts.  Of the 171 observations where fluoranthene concentrations exceeded PEL criteria, 168 samples were collected prior to 2001.  Contaminants associated with the edges of the river may represent the greatest risk because they are the most susceptible to mobilization, suspension, and deposition, but the ability to determine the true extent of the environmental risk is difficult because these areas often change the most over time.  In order to address this uncertainty, it is likely additional studies in the LCR study area will be necessary to augment historical information and improve our ability to determine impact.  It is likely that more recent information on contaminant concentrations is available in the estuary, but at present, this information is not readily available in a georeferenced format.
ATTACHMENT 1
Descriptive Statistics for SEDQUAL and Tetra Tech (LCREP) Sediment Metals
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Results of Initial Sediment Screen
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SEDQUAL Metals  (ppm dry)                     

Descriptive Statistics
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1168
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8
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7000
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0.166
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143.3

25th Quartile

2.8

0.29
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23

11.7

0.060

16.0

70.0

50th Quartile

2.8

0.40
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23

11.7

0.060
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35

0.174

18
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PEL

17

3.5

90

197

91.3

0.486

35.9

315

Undetected or Qualified (Score = 0)
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457

134

134

245

445

202

253

Number < TEL (Score = 1)

739

469

741

543

823

594

302
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Number >/=TEL (Score = 2)

269
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306
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181
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Number >/= PEL (Score = 3)

25

13

25
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Tetra Tech (LCREP) Metals  (ppm dry)         

Descriptive Statistics
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365
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247

Percent Detected
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0.4
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1.5
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1.1
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4.2
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0.3

40.8
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5.4
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8.1
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144.1
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0.6

37.3
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PEL

17.0

3.5

90.0

197

91.3

0.486

35.9
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Qualified (Score = 0)

72

52

63

46

90

215

64

61

Number < TEL (Score = 1)

175

94

222

80

192

187

84

164

Number >/=TEL (Score = 2)

118

98

87
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15

1
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12
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13
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ATTACHMENT 2

Descriptive Statistics for SEDQUAL and Tetra Tech (LCREP) Sediment Pesticides
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ATTACHMENT 3

Descriptive Statistics for SEDQUAL and Tetra Tech (LCREP) Sediment PAHs and PCBs
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