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OAK RIDGE NATIONAL LABORATORIES
Oak Ridge National Laboratories, under contract with the U.S. Department of Energy, has
compiled one of the most comprehensive literature reviews of the impacts of contaminants on
various receptors. For dredge material, two reports were used as sources of information for
impacts on plants and terrestrial life forms:
1. Efroymson, R. A., M. E. Will, G. W. Suter II, A. C. Wooten. 1997a. Toxicological
Benchmarks for Screening Contaminants of Potential Concern for Effects on
Terrestrial Plants. (Report ES/ER/TM-85/R3.) Lockheed Martin Energy Systems,
Inc., for the U.S. Department of Energy. Oak Ridge, TN.
2. Efroymson, R. A., M. E. Will, G. W. Suter II. 1997b. Toxicological Benchmarks for
Screening Contaminants of Potential Concern for Effects on Soil and Litter
Invertebrates and Heterotrophic Process. (Report ES/ER/TM-126/R2.) Lockheed
Martin Energy Systems, Inc., for the U.S. Department of Energy. Oak Ridge, TN.
These reports are available at the web site: http://www.hsrd.ornl.gov/ecorisk/reports.html.
Information from Oak Ridge National Laboratories on other wildlife forms did not provide
benchmark toxicity values based on soil concentrations. The literature survey on higher trophic
levels of wildlife mostly provided information on toxic doses but not on environmental soil
concentrations and exposure pathways.
Plants: The literature was surveyed for research on plant toxicity in natural soils (not in other
rooting media), with most tests performed in greenhouse or growth chamber settings. The
effect level was considered to be a 20% reduction in growth or yield. Growth or yield was used
as a measure because it is a common endpoint measurement in most experiments, and it is
ecologically significant for the support of plant populations and higher trophic levels.
Invertebrates: The literature was surveyed for research on soil invertebrates in natural soils.
The effect level was considered to be a 20% reduction in growth, reproduction, or activity.
For both plants and invertebrates, the toxicity benchmarks are based on the following analysis
of the literature data:
…The toxicity benchmarks were derived by rank-ordering the LOEC (lowest
observable effect concentration) values and then picking a number that
approximated the 10th percentile. …If there were 10 or fewer values for a
chemical, the minimum LOEC was used. If there were more than 10 values, the
10th percentile LOEC value was used. If the 10th percentile fell between LOEC
values, a value was chosen by interpolation. Since these benchmarks are
intended to be thresholds for significant effects on growth and production, test
endpoints that indicate a high frequency of lethality are not appropriate.
Therefore, when a benchmark is based on an LC50 or on some other endpoint that
includes a 50% or greater reduction in survivorship, the value is divided by a
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factor of 5; this factor is based on the author’s expert judgement. (Efroymson et
al. 1997a, 1997b)
Disclaimer: Please note that the exposure pathways addressed in the plants and invertebrates
consider only toxicity and not bioaccumulation or trophic impacts. Both reports also contain
the following disclaimers regarding the use of the toxicity benchmark values:
Because of the diversity of soils, species, chemical forms, and test procedures, it
is impossible to estimate concentrations that would constitute thresholds for
toxic effects on the invertebrate (& plant) communities at particular sites from
published toxicity data. …If the chemical’s concentration or reported detection
limit exceeds the screening benchmark, additional analysis may be needed to
determine the hazards posed by the chemical (i.e., it is a contaminant of potential
concern). However, if the chemical’s concentration or detection limit falls below
the proposed benchmark, the chemical may be ignored during further study
unless public concern or ancillary evidence suggest that it should be retained.
(Efroymson et al. 1997a, 1997b)

U.S. ENVIRONMENTAL PROTECTION AGENCY, REGION 9
RESIDENTIAL AND INDUSTRIAL PRELIMINARY
REMEDIATION GOALS
The preliminary remediation goals (PRGs) in Table 4-9 in the main document were developed
by the U.S. Environmental Protection Agency (EPA) Region 9 as a tool for evaluating and
cleaning up contaminated sites. (Note: These PRGs may not be appropriate as screening levels for
dredge material disposal.) Detailed information on the values and computation of the values is
available on the web site:
http://www.epa.gov/region09/waste/sfund/prg/.
The
concentrations are based on some generic assumptions about exposure routes to human
receptors in residential and industrial environments. The concentrations correspond to a fixed
level of risk: 1 in 1,000,000 cancer risk for carcinogens, or a hazard quotient of 1 for noncarcinogens. For both residential and industrial exposures, the exposure routes included for
contaminants in soil include:
•
•
•
•

Ingestion,
Inhalation of particulates,
Inhalation of volatiles, and
Dermal adsorption.

The following pathways are not included in the exposure analysis:
•
•
•
•

Exposure to indoor air from soil gas;
Exposure to groundwater contaminated by leachate;
Ingestion via plant, meat, or dairy products;
Inhalation of particulates from trucks or heavy equipment;
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•
•

Calculation of synergistic effects or cumulative risks from multiple contaminants; or
Any non-human or ecological receptors.

Disclaimer: PRGs focus on common exposure pathways and may not consider all exposure
pathways encountered at Comprehensive Environmental Response, Compensation, and
Liability Act/Resource Conservation and Recovery Act (CERCLA/RCRA) sites. PRGs do not
consider impacts on groundwater and do not address ecological concerns. PRGs specifically are
not intended as a stand-alone decision making tool, a substitute for EPA guidance for preparing
baseline risk assessments, or a rule to determine whether a waste is hazardous under the RCRA.
The introduction to the EPA, Region 9, PRGs states:
As with any risk-based tool, the potential exists for misapplication. In most cases
the root cause will be a lack of understanding of the intended use of Region 9
PRGs. In order to prevent misuse of PRGs, the following should be avoided:
•

Applying PRGs to a site without adequately developing a conceptual site
model that identifies relevant exposure pathways and exposure scenarios.

•

Not considering background concentrations when choosing PRGs as
cleanup goals.

•

Use of PRGs as cleanup levels without the nine-criteria analysis specified
in the National Contigency Plan (or comparable analysis for programs
outside of Superfund).

•

Use of antiquated PRG tables that have been superseded by more recent
publications.

•

Use of PRGs as cleanup levels without verifying numbers with a
toxicologist or regional risk assessor.

•

Not considering additive effects of multiple chemicals.
preliminary remediation goals, 1999
http://www.epa.gov/region09waste/sfund/prg/).

(Region 9

U.S. ENVIRONMENTAL PROTECTION AGENCY, REGION 5,
ECOLOGICAL DATA QUALITY LEVELS
The EPA developed ecological screening levels (data quality levels [DQLs]) for environmental
media (air, water, sediment, and soil) to be used as “default benchmarks” in site assessments for
the RCRA. (Note: These PRGs may not be appropriate as screening levels for dredge material disposal.)
The available literature on soil screening values was evaluated and found to have “...significant
variations and inconsistencies between the criteria…related to the development, applicability to
ecological receptors, and toxicological endpoints” (EPA 1999). Therefore, Region 5 EPA
developed soil ecological screening levels that were derived from toxicity reference values.
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Toxicity reference values (TRVs) are based on an actual dose of chemical to the receptor,
including ingestion, dermal adsorption, and inhalation. Soil screening concentrations are
derived from the TRV by calculating the quantities of exposure, based on certain assumptions
of the behavior and diet of a particular receptor. For example, the TRV dosage is based on a no
observable effect level (NOEL) measured in milligrams of chemical per kilograms of body
weight per day. To calculate the acceptable soil concentration, one must make assumptions on
the amount of soil ingested per day, the amount of chemical accumulated in plants, the amount
of plants ingested per day, the amount of invertebrates ingested per day, the amount of
chemical accumulated in the invertebrates, the amount of soil inhaled per day, the amount of
soil that is exposed to the receptor (dermal exposure), and the estimated body weight of the
receptor. Other uncertainty factors also are used to adjust the TRV because of differences
between laboratory and field conditions (for example, different species and different duration of
test).
For soil screening levels, the EPA evaluated the following ecological receptors: plants,
invertebrates, meadow vole (herbivore), and masked shrew (carnivore). In the calculations for
plant soil screening values, background concentrations of metals in Michigan soils were taken
into consideration, as well as plant toxicity to metals in the soil solution. Soluble metals that
may affect plant toxicity were determined based on a “conversion factor,” which assumed that a
certain proportion of the metal’s bulk metal concentrations would be found dissolved in the soil
pore water and thus available for plant uptake. Exposure to the meadow vole was based on
ingestion of plants that had accumulated the chemical, and ingestion of soil during feeding and
preening behavior. Exposure to the masked shrew included ingestion of invertebrates and
earthworms that may have accumulated the chemical, as well as ingestion of soil from the
earthworm gut, soil accidentally ingested during feeding, and preening behavior.
Disclaimer: Because some of the EPA ecological soil screening levels are based on background
soil concentrations in Michigan, they may not be appropriate for use in the Delta. Background
soil concentrations in the Delta (not sediment), particularly for naturally occurring constituents
such as metals, always should be taken into consideration when evaluating dredge material.
The EPA 1999 draft of “Ecological Screening Levels for RCRA Appendix IX Hazardous
Constituents” discusses the uncertainties as follows:
Numerous uncertainties were inherent in the methodology for the development
of chemical- and medium-specific [ecological screening levels] ESLs. Foremost
among these uncertainties are (1) extrapolations between results from the
laboratory test species and target ecological receptors, (2) use of data collected
using dissimilar testing and analytical methods, and (3) using simplified models
and target ecological receptors to represent complex food chain pathways. The
impact of specific uncertainties may be to increase or decrease the chemical- and
medium-specific ESLs that are developed.
However, in general, the
development of ESLs focused on being protective of the most sensitive species
and used conservative uncertainty factors in interspecies extrapolations, thereby
resulting in conservative (low) ESLs. In some cases, ESLs are below mediumspecific practical quantitation limits (PQL). Therefore, in terms of identifying
chemicals or media that may pose a potential risk to ecological receptors and
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which should be addressed carefully in a RCRA Facility Investigation and
quality assurance project plan (QAPP), use of the Region 5 default ESL for
screening values will result in a potentially large number of false positives, but
very few false negatives (EPA 1999).

REFERENCES
EPA. See U.S. Environmental Protection Agency.
U.S. Environmental Protection Agency. 1999. Ecological Screening Levels for RCRA.
Appendix IX, Hazardous Constituents.
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APPENDIX G.

DETAILED LEACHATE ANALYSIS OF HISTORICAL DELTA
SEDIMENT DATA FOR CONTAMINANTS OF CONCERN

This appendix includes the detailed analysis of historical Delta sediment data, summarized in
Table 4-11 in the main document. The appendix begins with a summary of the analysis,
followed by a constituent-by-constituent look at the current screening levels used by Regional
Board staff as compared to the levels reported in past monitoring efforts in Delta dredging
projects. This information was used to identify constituents of concern for dredging in the
Delta.

Table G-1. Summary of Analysis of Constituents
of Concern for Leachate Pathway
Constituent

Classification

Exceptions

Aluminum

Potential problem

Antimony

No problem

Arsenic

No problem

Sites with low attenuation for adjacent surface water

Barium

No problem

Sites with low attenuation for adjacent surface water

Beryllium

No problem

Cadmium

No problem

Chromium III

No problem

Chromium VI

Don’t know

Total chromium

No problem

Copper

No problem

Iron

No problem

Lead

Potential problem

Sites with low attenuation for adjacent surface water

Manganese

Potential problem

Mercury

Potential problem

Sites with no surface runoff or connection with surface
water

Molybdenum

Don’t know

Sites with dredge material volume less than 25,000 cubic
yards
Sacramento River and Deep Water Ship Channel

Nickel

No problem

Selenium

No problem

Silver

No problem

Sodium

No problem

Thallium

No problem

Vanadium

No problem

Zinc

No problem

Delta Dredging and Reuse Strategy

If placement site is in an area of lower salinity than the
waterbody being dredged

Sites with low attenuation for adjacent surface water

G-1

June 2002

Appendix G. Detailed Leachate Analysis of Historical
Delta Sediment Data for Contaminants of Concern
DETAILED ANALYSIS OF CONSTITUENTS

Aluminum
Criteria

•

OEHHA California public health goal for drinking water (narrative objective): 60
parts per billion (ppb)

•

U.S. Environmental Protection Agency (EPA) national ambient water quality criteria
for freshwater aquatic life, 4-day average concentration: 87 ppb

•

EPA secondary maximum contaminant level (MCL) for drinking water: 50 to 200
ppb

•

California Department of Health Service (DHS) secondary MCL for drinking water:
200 ppb

•

DHS primary MCL for drinking water: 1,000 ppb

Results

Aluminum from the deionized water waste extraction test (DIWET) has been tested in only two
studies: Del’s Harbor (2000) and Bethel Island (1994). All seven samples from Del’s Harbor
were below levels of concern. However, the two samples from Bethel Island were 4,700 and
5,200 ppb, which are both considerably above levels of concern. The Bethel Island site is in the
Sandmound and Piper Sloughs, adjacent to Bethel Island. There was no indication why this
particular site would have high levels of aluminum.

Table G-2. Number of Samples above Screening Values for Aluminum
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

Problem Sites

1

1

2

Bethel Island

60
__________
Notes:
ppb = Parts per billion.

The total number of aluminum samples = 9.
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Summary

Because only two sites have been tested, data are insufficient to determine overall trends in
leachable aluminum in the Delta. However, Bethel Island results indicate a potential for
hotspots of leachable aluminum in dredge material.
Conclusion

Require testing of leachable aluminum (using DEWIT). If the result is greater than 60 ppb, the
site should be assessed to determine whether it provides adequate attenuation and dilution in
order to prevent water quality impacts.

Antimony
Criteria

•

DHS primary MCL: 6 ppb

Results

While leachable antimony has been tested in dredge material at numerous locations, only one
site (New Bridge Marina) exhibited levels above concern. Furthermore, if a minimum
attenuation and dilution factor of 2 is assumed, no samples were above levels of concern.

Table G-3. Number of Samples above Screening Values for Antimony
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

Problem Sites
New Bridge Marina

6

1

1

5

12

2

2

0

__________
Notes:
ppb = Parts per billion.
The total number of antimony samples = 129.

Summary

With over 100 samples tested, only one site (New Bridge Marina) had levels above concern. The
levels at New Bridge Marina would not be of concern in a placement site with minimal
attenuation and dilution potential.
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Conclusion

Do not require testing of leachable antimony except in or near the vicinity of New Bridge
Marina.

Arsenic
Criteria

•

Basin Plan Objective (BPO) for surface water in the Delta: 10 ppb of dissolved
arsenic

•

MCL of dissolved arsenic for drinking water:
considering changing this level)

50 ppb (the EPA is currently

Results

The 10-ppb screening value for leachate is very conservative. Most sites within the Delta would
have an attenuation factor of 2–3 for adjacent surface water, considering available dilution from
groundwater and surface water, and attenuation provided by the vadose zone. Based on this,
only nine samples indicate potential hotspots for leachable arsenic (about 3.5% of all samples
taken). The highest value of arsenic is 130 ppb in the leachate, found in Lauritzen Yacht Harbor
in 1997. The other hotspot values of arsenic range from 32 to 55 ppb and are found at Staten
Island (three samples), Laurtizen Yacht Habor (two samples), Grantline Canal (one sample) and
the Stockton Deep Water Ship Channel (two samples).

Table G-4. Number of Samples above Screening Values for Arsenic
in Leachate from Historical Sediment Data
Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

10

1

1

22

20

2

1

9

30

3

1

9

Grant Line Canal

40

4

1

6

Stockton Deep Water Ship Channel

50

5

1

4

Staten Island

100

10

2

1

Lauritzen Marina

Screening
Value
(ppb)

Problem Sites
New Bridge Marina, Bethel Island,
Sacramento Deep Water Ship
Channel, and South Delta Project

__________
Notes:
ppb = Parts per billion.
The total number of arsenic samples = 254.
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Summary

Historical data indicate that leachable arsenic is a potential problem only in a few instances.
Over 90% of 254 samples indicate no problem with leachable arsenic—even in placement sites
with no attenuation. Another 6% of the samples indicate that leachable arsenic would not be a
problem if the site were characterized to have an attenuation factor of at least 3 (which would
probably be the case for most sites in the Delta). The remaining 4% are the hotspots described
above and would require more careful assessment of the disposal site to determine whether
adequate attenuation and dilution are available. The material from the hotspots may not be
appropriate for placement in all sites. However, many sites would provide adequate
attenuation even from these elevated levels.
Conclusion

Do not require testing of leachable arsenic unless the placement site has low attenuation for
adjacent surface water, or large quantities of dredge material will be placed in one site.

Barium
Criteria

•

BPO of dissolved barium for surface water in the Delta: 100 ppb

•

MCL of dissolved barium for drinking water: 1,000 ppb

Results

The 100-ppb screening value for leachate is very conservative. Most sites within the Delta
would have an attenuation factor of 2–3 for adjacent surface water, considering available
dilution from groundwater and surface water and attenuation provided by the vadose zone.
Based on this, only five samples indicate potential hotspots for leachable barium (about 4% of
all samples taken). The highest value of barium is 100,000 ppb in the leachate, found in Suisun
Bay (which is not in the Delta). The other hotspot values of barium, ranging from 470 to 760
ppb, are found at the Sacramento Deep Water Ship Channel (two samples) and the Stockton
Deep Water Ship Channel (one sample).
Recently, it was determined that the technique used by the laboratory to homogenize core
samples may elevate dissolved concentrations of barium in the waste extraction test using
deionized water. It was found that extended mechanical mixing of the sediment cores caused
the concentration of barium in the pore water to be nearly double that of cores that were mixed
by hand. It is possible that the identified hotspot results may have been affected by the
homogenization technique used.
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Table G-5. Number of Samples above Screening Values for Barium
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

1

1

20

Tyler Island, Lauritzen Marina, and
Del’s Harbor
McMullin Tract

100

Problem Sites

200

2

1

10

300

3

1

5

400

4

1

5

500

5

1

4

Sacramento and Stockton Deep
Water Ship Channels

1,000

10

1

1

Suisun Bay

__________
Notes:
ppb = Parts per billion.
The total number of barium samples = 127.

Summary

Historical data indicate that leachable barium is a potential problem in only a few instances.
Approximately 85% of samples indicate no problem with leachable barium, even in placement
sites with no attenuation. Another 11% of the samples indicate that leachable barium would not
be a problem if the site were characterized to have an attenuation factor of at least 3 (which
probably would be the case for most sites in the Delta). The remaining 4% are the hotspots
described above and would require more careful assessment of the disposal site to determine
whether adequate attenuation and dilution is available. The material from the hotspots may not
be appropriate for placement in all sites. However, there are many sites that would provide
adequate attenuation even from these elevated levels.
Conclusion

Do not require testing of leachable barium unless the placement site has low attenuation for
adjacent surface water, or large quantities of dredge material will be placed in one site.

Beryllium
Criteria

•

DHS primary MCL: 4 ppb
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Results

A total of 57 samples were analyzed for leachable beryllium. Although 11 of the samples had
detection limits higher than 4 ppb, none of the samples have had detectable concentrations of
beryllium.
Conclusion

Do not require testing of leachable beryllium on future dredge projects.

Cadmium
Criteria

•

OEHHA California public health goal: 0.07 ppb

•

EPA and DHS primary MCL: 5 ppb

•

California Toxics Rule (CTR) 4-day average to protect freshwater aquatic life: 2.2 ppb
(at 100 mg/l hardness, less for lower hardness)

•

CTR 1-hour average to protect freshwater aquatic life: 4.3 ppb (at 100 mg/l hardness,
less for lower hardness)

Results

Of 189 samples, only four samples contained detectable levels of cadmium. Of those four
samples, only one exhibited levels of concern for cadmium. One sample occurred at Korth’s
Pirates Lair (near Andrus Island) with leachable cadmium levels of 20 ppb, which is nearly 10
times the CTR criteria for aquatic life and 4 times the EPA MCL for drinking water. There is no
apparent explanation for the high cadmium level at this location. Korth’s Pirates Lair is located
at the confluence of the Mokelumne River and San Joaquin River. The dredging was needed to
remove sediments from the high flows that occurred in 1997.

Table G-6. Number of Samples above Screening Values for Cadmium
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

Problem Sites

1

1

1

Korth’s Pirates Lair (1997)

2.2
__________
Notes:
ppb = Parts per billion.

The total number of cadmium samples = 189.
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Summary

Based on nearly 200 samples, over 99% of the samples indicate no problem with leachable
cadmium. The one sample with higher levels of cadmium was taken after a major flood event.
Conclusion

Do not require testing of soluble cadmium except after major flood events, which may carry
higher levels of contaminants.

Chromium (VI)
Criteria

•

OEHHA California public health goal: 0.2 ppb (narrative)

•

EPA Integration Risk Information System (IRIS) reference dose: 21 ppb (narrative)

•

Agricultural water quality goal (WQG): 100 ppb (narrative)

•

CTR 4-day average to protect freshwater aquatic life: 11 ppb

•

CTR 1-hour average to protect freshwater aquatic life: 16 ppb

Summary

Because the database does not distinguish between Chromium VI and Chromium III, it is not
possible to analyze the historical data.
Conclusion

Require testing of leachable hexavalent chromium.

Chromium III
Criteria

•

OEHHA California public health goal: 200,000 ppb (narrative)

•

EPA IRIS 10-6 cancer risk: 10,500 ppb (narrative)

•

EPA national recommended water quality criteria 4-day average to protect
freshwater aquatic life (CCC): 74 ppb (100 mg/l hardness)
−

•

CCC Calculation: (e{0.8190[ln(hardness)] + 0.6848}) x (0.860)

EPA national recommended water quality criteria 1-hour average to protect
freshwater aquatic life (CCC): 570 ppb (100 mg/l hardness)
−

CCC Calculation: (e{0.8190[ln(hardness)] + 3.7256}) x (0.316)
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Summary

Because the database does not distinguish between Chromium VI and Chromium III, it is not
possible to analyze the historical data. However, total chromium has been tested extensively
(208 samples). The maximum level of total chromium detected is 300 ppb at one site, with most
total chromium samples well below levels of concern for trivalent chromium.
Conclusion

Do not require testing of leachable trivalent chromium.

Total Chromium
Criteria

•

DHS primary MCL: 50 ppb

•

EPA primary MCL: 100 ppb

•

California public health goal: 2.5 ppb (narrative)

Results

Of 208 samples listed in the database, only six results indicated levels of concern (primary
MCL). These six hotspot results may not be reliable because all were for the same site and
demonstrated an identical concentration. Although a sample was analyzed as a composite
sample, the report lists duplicate concentrations for each discrete sample that made up the
composite.

Table G-7. Number of Samples above Screening Values for Total Chromium
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

Problem Sites

1

1

6

Staten Island

50
__________
Notes:
ppb = Parts per billion.

The total number of chromium samples = 208.

Summary

Of 208 samples, only the results from one site were above levels of concern and may be
unreliable. Because testing is required for hexavalent chromium—the most toxic speciation—
additional testing for total chromium is unnecessary.
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Conclusion

Do not require testing of leachable total chromium.

Copper
Criteria

•

BPO for surface water in the Delta: 10 ppb

•

CTR 4-day average to protect freshwater aquatic life: 9.0 ppb (100 mg/l hardness,
less for lower hardness levels)

•

CTR 1-hour average to protect freshwater aquatic life: 13 ppb (100 mg/l hardness,
less for lower hardness levels)

•

OEHHA California public health goal: 170 ppb

•

EPA and DHS primary MCL: 1,300 ppb

•

EPA and DHS secondary MCL: 1,000 ppb

Results

Given that most sites in the Delta provide attenuation factors of at least 2 or 3, only eight
samples (3% of all samples) were above levels of concern. The highest results were from
samples from the Sacramento Deep Water Ship Channel (100 and 140 ppb) and near Bethel
Island (98 and 110 ppb). These levels are of concern only if the site provides little attenuation or
dilution for adjacent surface water, since the criterion to protect aquatic life is considerably
lower than that to protect isolated groundwater. If groundwater beneficial uses are considered
alone, then no samples were above levels of concern.
Summary

Copper may occur at levels of concern, if the disposal site provides little attenuation and
dilution for adjacent surface waters. Copper generally has been found to be less mobile in the
subsurface than other metals. Even if a disposal site had low attenuation and dilution capacity
for an adjacent surface waterbody (such as a ditch that supported aquatic life), only 3% of past
samples would exhibit levels of concern
Conclusion

Do not require testing of leachable copper, except in cases where the disposal site provides little
attenuation and dilution capacity for an adjacent surface waterbody that supports aquatic life,
or where large quantities of dredge material will be placed in one site.
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Table G-8. Number of Samples above Screening Values for Copper
in Leachate from Historical Sediment Data
Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

10

1

1

35

Staten Island, Grant Line Canal,
Kie-Con Barge Landing, and New
Bridge Marina

20

2

1

10

Sacramento Deep Water Ship
Channel and South Delta Project

40

4

1

Screening
Value
(ppb)

Problem Sites

8

60

8

Lauritzen Yacht Harbor and South
Delta Project
Sacramento Deep Water Ship
Channel and Bethel Island

100

10

1

3

170

17

1

0

__________
Notes:
ppb = Parts per billion.
The total number of copper samples = 254.

Iron
Criteria

•

EPA and DHS secondary MCL: 300 ppb

Results

Leachable iron has been tested only in sediments from two locations: Del’s Harbor (Old River)
and New Bridge Marina (San Joaquin River near Antioch). Of the six samples tested at New
Bridge Marina, only three were above the most conservative screening level, ranging from
610 to 900 ppb. If the placement site provides a minimum attenuation factor of 3, there are no
samples would be considered above levels of concern.
Only 13 samples have been taken for leachable iron; however, iron is not a significant threat to
human or aquatic life. The criteria listed above are based on taste and odor thresholds for
drinking water. Therefore, occasional exceedances of leachable iron present a low risk.
Summary

Few samples, representing only two sites, have been analyzed for leachable iron. However,
dissolved iron presents a low risk to human and ecological health. The main effect of leachable
iron is the potential to impart undesirable taste and color to groundwater.
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Table G-9. Number of Samples above Screening Values for Iron
in Leachate from Historical Sediment Data
Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

Problem Sites

300

1

1

3

New Bridge Marina

900

3

3

0

Screening
Value
(ppb)

__________
Notes:
ppb = Parts per billion.
The total number of iron samples = 13.

Conclusion

Do not require testing for leachable iron.

Lead
Criteria

•

OEHHA California public health goal (narrative): 2 ppb

•

CTR 4-day average to protect freshwater aquatic life: 2.5 ppb (100 mg/l hardness,
less for lower hardness)

•

BPO for groundwater: 15 ppb

•

EPA and DHS primary MCL: 15 ppb

Results

The public health goal of 2 ppb is a numeric interpretation of the narrative toxicity objective.
OEHHA developed the public health goal as a target number to protect human health without
consideration of economic impacts. The Regional Board has some discretion in using this
criterion in consideration of economics. The CTR criterion for surface waters is a promulgated
one (it is required by law to be implemented), although the criterion may be adjusted for the
hardness of the receiving water. The primary MCL and BPO also are promulgated criteria that
must be implemented for both groundwater and surface water. Therefore, at a minimum, sites
with good connectivity to surface water with little dilution need to use the CTR criterion to
judge the quality of the material. Sites without connectivity to surface water or without
adequate dilution need to use the BPO and primary MCL of 15 ppb to judge the quality of
dredge material.

Delta Dredging and Reuse Strategy

G-12

June 2002

Appendix G. Detailed Leachate Analysis of Historical
Delta Sediment Data for Contaminants of Concern
Leachable lead has been shown to have low mobility in the subsurface. Therefore, attenuation
factors may be higher for lead than for other metals at the same site. It is not unreasonable to
assume that sites in the Delta (particularly without adjacent ditches) could provide attenuation
factors of at least 12 for surface water and 2 for groundwater.
In this case, only 19 samples out of 254 exceed levels of concern. Of the 19 samples, 15 were
taken from Staten Island in 1996. The other three hotspots are 120 ppb at Lauritzen Yacht
Harbor, 120 ppb in the Sacramento Deep Water Ship Channel, and 39 ppb at the Sacramento
Deep Water Ship Channel. Dredge material that exhibited leachable lead concentrations of 120
ppb likely would require specialized disposal outside the Delta or in a classified waste
management unit. It was recently determined that mechanical mixing of sediment cores may
increase levels of dissolved lead found in the DIWET extraction.

Table G-10. Number of Samples above Screening Values for Lead
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

2 (narrative)

1

1

46

Problem Sites
New Bridge Marina and Tyler Island

2.5

1

1

46

15

6

1

23

South Delta Project

30

12

2

18

Staten Island

60

24

3

5

Lauritzen Yacht Harbor, Staten
Island, and Sacramento Deep Water
Ship Channel

__________
Notes:
ppb = Parts per billion.
The total number of lead samples = 254.

Summary

Less than 10% of 254 samples indicated leachable lead in levels of concern. However, several
samples would require special consideration in disposal.
Conclusion

Require testing for leachable lead. Ensure that core samples do not have prolonged mechanical
mixing for homogenization.

Manganese
Criteria

•

EPA and DHS secondary MCL: 50 ppb
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•

EPA IRIS reference dose for drinking water: 330 ppb

Results

Leachable manganese has been tested in only four samples, which were all from the Del’s
Harbor site in 2000. The results from the four samples range from 12 to 597 ppb. Two samples
had leachable manganese in concentrations close to 600 ppb, which is well above levels at risk
to human health. It is possible that manganese sources occur in the Delta because it is used as a
component in fertilizers (magnesium sulfate), pesticides (potassium permanganate), and feed
additives (magnesium carbonate and magnesium sulfate). Divalent manganese compounds are
relatively mobile and are likely to leach to groundwater.

Table G-11. Number of Samples above Screening Values for Manganese
in Leachate from Historical Sediment Data
Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

Problem Sites

50 (taste and odor)

1

1

3

Del’s Harbor

330 (human health)

1

1

2

Del’s Harbor

Screening Value
(ppb)

__________
Notes:
ppb = Parts per billion.
The total number of manganese samples = 4.

Summary

Insufficient data are available to determine whether manganese occurs in levels of concern, but
the limited number of samples indicate that manganese may be a potential health risk. There
are potential manganese sources in the Delta. The environmental fate of manganese indicates
that leachate is a potential pathway of exposure.
Conclusion

Require testing for leachable manganese.

Mercury (Inorganic)
Criteria

•

CTR to protect human health from drinking water and consumption of organisms:
0.05 ppb (surface water)

•

EPA and DHS primary MCL: 2 ppb (surface water and groundwater)
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Results

The CTR mercury criterion of 0.05 ppb is based predominantly on human exposure to
bioaccumulated mercury in fish tissue. This criterion applies only to surface water. The Delta
does have a significant mercury problem in fish tissue, but placement of the dredge material in
an upland environment would eliminate the direct exposure pathway for aquatic life. The main
concern with dredge material placed upland would be indirect pathways, such as leachate or
surface runoff that could affect adjacent surface waterbodies. The results indicate that, without
an adjacent surface waterbody, no health risk is likely from mercury in dredge material in the
upland environment (based on the drinking water MCL).
The solubility of mercury depends on which form is present. Inorganic mercury is generally
insoluble and has a strong tendency to sorb to soil, sediment, or suspended solids. However,
inorganic mercury can be converted by microbes into methyl mercury, which is more mobile
and more toxic. The conditions under which methyl mercury tends to form are not well
understood, but it is believed that organic content of the soil and redox conditions influence its
formation. Wetland environments may be particularly prone to accelerated formation of
methyl mercury. The leachability of mercury may be difficult to predict, depending on
conditions that affect the formation of methyl mercury. Therefore, dredge material with
elevated levels of total mercury or DIWET mercury should not be placed in environments
where leachate or surface runoff can affect adjacent surface waterbodies.
Approximately 90% of the historical samples analyzed for mercury from the DIWET did not use
detection limits low enough to determine whether the material is below the CTR criterion. In
the future, pre-dredge analysis will need to meet detection limits that are below the CTR
criterion of 0.05 ppb.

Table G-12. Number of Samples above Screening Values for Mercury
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

0.05

1

1

16

McMullin Tract, Staten Island, and
Sacramento Deep Water Ship Channel

0.5

10

1

7

Stockton Deep Water Ship Channel

1.0

20

1

1

McMullin Tract

2

40

1

0

Problem Sites

__________
Notes:
ppb = Parts per billion.
The total number of mercury samples = 250.
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Summary

Historical data indicate that dredge material may contain levels of mercury that are a threat to
adjacent surface water, although nearly 90% of the samples did not have detection limits below
the criterion. Historical data indicate that soluble mercury is not likely to be a threat to
groundwater quality if there is no connection with adjacent surface water.
Conclusion

Require testing of mercury only if the site has low attenuation and dilution for adjacent surface
water or potential for surface runoff to surface water.

Molybdenum
Criteria

•

Agricultural WQG: 10 ppb

Results

Of a limited number of samples (32) tested for molybdenum, about one-third had detection
limits above the agricultural WQG of 10 ppb. Three samples exceeded 10 ppb—two from New
Bridge Marina in Antioch (14 and 22 ppb) and one from Del’s Harbor near Old River (14 ppb).
These levels are not of concern if the placement site provides a minimum attenuation factor of 2
or 3. However, the criteria is based on effects to plants, and attenuation factors may not be
relevant to plants that grow directly in the dredge material. In addition, small dredging
projects (under 25,000 cubic yards) are not likely to have sufficient material to present a risk in
the upland environment.
It is unknown whether sources of molybdenum exist in the Delta, although it may be used in
agricultural chemicals and in some manufacturing and refining processes. The primary routes
of exposure appear to be from inhalation of high concentrations of molybdenum in fumes and
dust, as well as ingestion of plants that contain toxic amounts of molybdenum.
Summary

Insufficient samples have been analyzed to determine whether molybdenum is a potential
problem in dredge material. It is unknown whether sources exist in the Delta or if leachable
molybdenum could be a significant exposure pathway. There may be no attenuation for plants
growing directly in dredge material.
Conclusion

Require testing for leachable molybdenum in samples from dredging projects with larger
quantities of material, unless the material will be reused in an environment with no vegetation
(such as construction fill under a parking lot).
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Table G-13. Number of Samples above Screening Values for Molybdenum
in Leachate from Historical Sediment Data
Attenuation
Factor for
Surface Water

Screening
Value
(ppb)

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

Problem Sites

10

1

1

3

New Bridge Marina and Del’s Harbor

20

2

2

1

New Bridge Marina

__________
Notes:
ppb = Parts per billion.
The total number of molybdenum samples = 32.

Nickel
Criteria

•

DHS primary MCL: 100 ppb

•

CTR 4-day average to protect freshwater aquatic life (CCC 4-day average): 52 ppb
(100 mg/l hardness)
−

•

CCC based on hardness = (e{0.8460[ln(hardness)] + 0.0584}) x (0.997)

CTR 1-hour average to protect freshwater aquatic life (CMC 1-hour average):
470 ppb (100 mg/l hardness)
−

CMC based on hardness = (e{0.8460[ln(hardness)] + 2.255}) x (0.998)

Results

Of 219 samples, only two samples demonstrated levels of concern for leachable nickel and both
occurred in the Sacramento Deep Water Ship Channel in 1999. The main concern is the sample
that indicated 910 ppb of soluble nickel from the DIWET, which would require a high
attenuation site to prevent water quality impacts. Disposal or placement sites in the Delta may
not be able to provide adequate attenuation for this high value.
Summary

Nickel has been tested extensively, and less than 1% of the samples had levels of concern. The
only hotspot of soluble nickel occurred in 1999 in the Sacramento Deep Water Ship Channel.
Conclusion

Require testing for leachable nickel for dredging projects in the Sacramento River or Deep
Water Ship Channel.
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Table G-14. Number of Samples above Screening Values for Nickel
in Leachate from Historical Sediment Data
Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

52

1

1

2

1,000

20

10

0

Screening
Value
(ppb)

Problem Sites
Sacramento Deep Water Ship Channel
(1999)

__________
Notes:
ppb = Parts per billion.
The total number of nickel samples = 219.

Selenium
Criteria

•

DHS and EPA primary MCL: 50 ppb

•

CTR 4-day average to protect freshwater aquatic life (CCC 4-day average): 5 ppb

Results

About one-fourth (57 samples) of all leachable selenium values were non-detects with detection
limits above the 5-ppb surface water criterion. Only six samples (less than 3%) had levels above
concern, but the quality of the data is questionable. Four of the samples (all with 20-ppb
concentrations) were from the Staten Island report, which has no laboratory data associated
with it; therefore, it is unclear when the samples were taken and analyzed. Two samples had
high levels (523 and 118 ppb), both from unpublished raw data collected by the Department of
Water Resources on the South Delta Project. There is no documentation to support these
findings. The results are inconsistent with the other 212 samples, of which 204 had undetectable
levels of selenium.
Other than the hotspots mentioned above, all other detectable
concentrations of leachable selenium (eight samples) had an average concentration of 1.7 ppb.
Summary

Over 93% of the results had undetectable levels of selenium, although nearly 25% had detection
limits above the lowest criteria of 5 ppb. Only 14 samples had detectable levels of selenium,
eight with very low levels and six with higher levels. The data from the six hotspot samples
lack adequate documentation and are therefore questionable.
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Table G-15. Number of Samples above Screening Values for Selenium
in Leachate from Historical Sediment Data
Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

5

1

1

6

Staten Island

50

10

1

2

South Delta Project (1999)

Screening
Value
(ppb)

Problem Sites

__________
Notes:
ppb = Parts per billion.
The total number of selenium samples = 218.

Conclusion

Do not require testing of leachable selenium.

Silver
Criteria

•

DHS and EPA secondary MCL: 100 ppb

•

EPA IRIS reference dose as drinking water level: 35 ppb (narrative)

•

EPA drinking water health advisory: 100 ppb (narrative)

•

CTR instantaneous maximum concentration (IMC) to protect freshwater aquatic life:
3.4 ppb (100 mg/l hardness)
−

IMC based on hardness = (e{1.72[ln(hardness)] – 6.52}) x (0.85)

Results

Of 215 samples, no samples had detectable levels of leachable silver, although about 25% had
detection levels above the minimum screening value of 3.4 ppb. None of the samples had
detection limits above the 100-ppb screening values for groundwater beneficial uses.
Summary

Silver has been tested extensively and has never been found in detectable levels, although
nearly 25% of the samples had detection limits higher than the surface water criteria of 3.4 ppb.
Conclusion

Do not require testing for leachable silver.
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Table G-16. Number of Samples above Screening Values for Silver
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

1

1

0

3.4

Problem Sites

__________
Notes:
ppb = Parts per billion.
The total number of silver samples = 215.

Sodium
Criteria

•

EPA drinking water health advisory: 2,000 ppb (2 mg/l)

Results

Leachable sodium has been tested for only one project (the New Bridge Marina in Antioch). At
this location, sodium levels ranged from 26 to 58 mg/l, which is well above the drinking water
health advisory of 2 mg/l. Sodium is one of the predominant constituents that contribute to
salinity in seawater. Other constituents include chloride, bromide, sulfates, and carbonates.
Rather than measuring sodium levels, total dissolved solids (TDS) or electrical conductivity
(EC) are better measurements of overall salinity.
The waterways in the Delta estuary contain a salinity gradient of higher salinity toward the
western end of the Delta. Salinity also varies considerably depending on the tidal fluctuations
and the amount of flow from upstream sources. It is unavoidable that the salinity from the
overlying surface water will affect the amount of salinity in the dredge material. However,
most placement sites are hydrologically connected to adjacent surface waters, and the
groundwater generally reflects salinity levels that are comparable to the adjacent surface water.
The main concern is transporting dredge material from an area of higher salinity (western
Delta) to an area of lower salinity (eastern Delta), where the leachate may increase levels of
salinity in the groundwater and adjacent surface water. In these cases, it may be necessary to
test the leachate and groundwater at the placement site to ensure that no water quality
degradation will result from increased salinity.
Summary

Leachable sodium has been tested in only one project (the New Bridge Marina) that exhibited
levels of concern. Although sodium is a predominant constituent of salinity, measurements of
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TDS or EC are better indicators of the affects of salinity. High levels of salinity (above beneficial
use criteria) are naturally occurring, particularly in the western Delta. If the placement site is
adjacent to the waterbody being dredged, salinity in the leachate is not likely to exceed the
natural salinity of the groundwater. However, if the placement site is in a location with lower
salinity than the waterbody being dredged, investigation of salinity impacts would be required.

Table G-17. Number of Samples above Screening Values for Sodium
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

1

1

4

2,000

Problem SITES
New Bridge Marina (Antioch)

__________
Notes:
ppb = Parts per billion.
The total number of sodium samples = 6.

Conclusion

Do not test for leachable sodium. Require testing for TDS or EC if the placement site is in an
area of lower salinity than the waterbody being dredged. Groundwater investigations and
monitoring also may be required.

Thallium
Criteria

•

EPA and DHS primary MCL: 2 ppb

•

EPA primary MCL goal: 0.5 ppb (narrative)

•

OEHHA California public health goal: 0.1 ppb (narrative)

•

EPA IRIS reference dose: 0.6 ppb (narrative)

•

EPA drinking water health advisory: 0.5 ppb (narrative)

•

CTR drinking water source: 1.7 ppb (water and organisms)

•

CTR drinking water source: 6.3 ppb (organisms only)
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Results

Thallium has been tested extensively (212 samples). Although approximately one-third of the
samples had detection limits above the criteria, thallium has been detected only three times. Of
the three samples detected, none were above levels of concern, although one sample exceeded
the EPA primary MCL goal.

Table G-18. Number of Samples above Screening Values for Thallium
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

Problem sites

0.5
(narrative)

1

1

1

Sacramento Deep Water Ship Channel

1.7

1

1

0

__________
Notes:
ppb = Parts per billion.
The total number of thallium samples = 212.

Summary

Thallium has been tested extensively and has been detected rarely. Only three samples have
exhibited detectable levels of thallium, and none were above levels of concern.
Conclusion

Do not test for leachable thallium.

Vanadium
Criteria

•

EPA IRIS reference dose: 63 ppb (narrative)

•

Agricultural WQG: 100 ppb (narrative)

Results

Vanadium has been analyzed 56 times in pre-dredge analyses. Only one sample (Lauritzen
Yacht Harbor, with a concentration of 290 ppb) exhibited vanadium above levels of concern.
This hotspot sample would require an attenuation factor of at least 3 to prevent exceedances of
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water quality objectives. Five samples were non-detects but had detection levels above the
criteria.

Table G-19. Number of Samples above Screening Values for Vanadium
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

63
(narrative)

1

1

1

Lauritzen Yacht Harbor

100

1

1

1

Lauritzen Yacht Harbor

Problem Sites

_________
Notes:
ppb = Parts per billion.
The total number of vanadium samples = 56.

Summary

Vanadium has been tested in 56 samples but was mostly undetectable or in low concentrations.
One hotspot was found in Lauritzen Yacht Harbor, but even that concentration would be
acceptable if the placement site had an attenuation factor of 3 or more.
Conclusion

Do not test for leachable vanadium.

Zinc
Criteria

•

DHS and EPA secondary MCL: 5,000 ppb

•

EPA drinking water advisory: 2,000 ppb (narrative)

•

Agricultural WQG: 2,000 ppb (narrative)

•

CTR 4-day average to protect freshwater aquatic life (CCC): 120 ppb (100 mg/l
hardness)
−

•

CCC Calculation: (e{0.8473[ln(hardness)] + 0.884}) x (0.986)

CTR 1-hour average to protect freshwater aquatic life (CMC): 120 ppb (100 mg/l
hardness)
−

CCC Calculation: (e{0.8473[ln(hardness)] + 0.884}) x (0.978)
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•

Basin Plan Water Quality Objective: 100 ppb

Results

Zinc has been analyzed in 280 different dredge material samples; only 15 samples exhibited
concentrations above the most conservative criteria (Basin Plan Water Quality Objective for
Delta surface waters). The highest observed concentration in the DIWET was 500 ppb in the
Stockton Deep Water Ship Channel. If only groundwater criteria are used and there is no
adjacent surface water, none of the samples would be considered to exhibit concentrations of
concern.

Table G-20. Number of Samples above Screening Values for Zinc
in Leachate from Historical Sediment Data
Screening
Value
(ppb)

Attenuation
Factor for
Surface Water

Attenuation
Factor for
Groundwater

Number of Samples
Exceeding
Screening Value

Problem Sites

100

1

1

15

Stockton Deep Water Ship Channel

200

2

1

11

Staten Island, Sacramento Deep Water
Ship Channel, and South Delta Project

400

4

1

1

Stockton Deep Water Ship Channel

2,000

20

1

0

__________
Notes:
ppb = Parts per billion.
The total number of zinc samples = 280.

Summary

The surface water criteria are much lower than the groundwater criteria for zinc, because of its
toxicity to aquatic life. Zinc has been tested extensively, and about 5% of the samples had levels
of concern for surface water or sites with very low attenuation for adjacent surface waters.
None of the samples had levels of concern for high attenuation sites.
Conclusion

Do not test for leachable zinc unless the placement site has low attenuation capacity for adjacent
surface waterbodies.
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(November 20, 2001)

NOTE: THE TECHNICAL ANALYSIS IN THE MAIN DOCUMENT WAS CONDUCTED
USING THE SCREENING VALUES INDICATED IN TABLE 4-9 (IN CHAPTER 4). IN
NOVEMBER 2001, SOME OF THE VALUES FOR METALS WERE UPDATED—AFTER
COMPLETION OF THE TECHNICAL ANALYSIS. THE FOLLOWING TABLE INCLUDES
THE UPDATED VALUES.

APPENDIX H.

UPDATED WATER QUALITY GOALS (NOVEMBER 20, 2001)

Table H-1. Updated Screening Values for Mobile Constituents in Dredge Material
Page 1 of 5
Constituent

Surface Water

Groundwater

Metals
Aluminum

87 ppb, FW CCC, EPA NAWQC

200 ppb, DHS secondary MCL

Antimony

6 ppb, DHS and EPA primary MCL

6 ppb, DHS and EPA primary MCL

Arsenic

10 ppb, BPO

2.1 ppb, (or background groundwater if
higher), EPA IRIS reference dose
(narrative objective)

Barium

100 ppb, BPO

490 ppb, EPA IRIS reference dose
(narrative objective)

Beryllium

4 ppb, DHS and EPA primary MCL

4 ppb, DHS and EPA primary MCL

Boron

630 ppb, EPA IRIS reference dose
(narrative objective)

630 ppb, EPA IRIS reference dose
(narrative objective)

Chromium III

50 ppb, DHS primary MCL for total
chromium

50 ppb, DHS primary MCL for total
chromium

Chromium VI

11 ppb, (dissolved), FW CCC, CTR

21 ppb, EPA IRIS reference dose
(narrative objective)

Total chromium

50 ppb, DHS primary MCL

50 ppb, DHS primary MCL

Copper

9.0 ppb, (75 mg/L hardness), FW CCC,
CTR

170 ppb, California public health goal

Iron

300 ppb, BPO

300 ppb, taste and odor (narrative
objective)

Lead

2 ppb, (lower if hardness is below 80
mg/L), California public health goal
(narrative objective)

2 ppb, California public health goal
(narrative objective)

Manganese

50 ppb, BPO

50 ppb, DHS and EPA secondary MCL

Mercury

0.050 ppb, CTR

1.2 ppb, California public health goal
(narrative objective)

Molybdenum

10 ppb, agricultural WQO (narrative
objective)

10 ppb, agricultural WQO (narrative
objective)

Nickel

52 ppb, (100 mg/l hardness), FW CCC,
CTR

12 ppb, California public health goal
(narrative objective)

Selenium

5 ppb, FW CCC, CTR

20 ppb, agricultural WQO (narrative
objective)

Silver

3.4 ppb, (100 mg/l hardness), FW CMC,
CTR

35 ppb, EPA IRIS reference dose,
(narrative objective)

Sodium

2,000 ppb, EPA DW health advisory
(narrative objective)

2,000 ppb, EPA DW health advisory
(narrative objective)

Thallium

1.7 ppb, human health, DW and
organisms, CTR

0.1 ppb, California public health goal
(narrative objective),

Vanadium

50 ppb, DHS DW action level (narrative
objective)

50 ppb, DHS DW action level (narrative
objective)

Zinc

100 ppb, (lower if hardness below
85 mg/L), BPO

2,000 ppb, agricultural WQO (narrative
objective)
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Table H-1. Continued
Page 2 of 5
Constituent

Surface Water

Groundwater

Metals (continued)
Total dissolved solids

450 ppm, agricultural WQO (narrative
objective)

450 ppm, agricultural WQO (narrative
objective)

Organochloride pesticides
Aldrin

0.00013 ppb, DW and organisms, CTR

0.002 ppb, EPA DW health advisory
(narrative objective)

Alpha BHC

0.0039 ppb, DW and organisms, CTR

0.006 ppb, EPA IRIS (narrative objective)

Beta BHC

0.014 ppb, DW and organisms, CTR

0.02 ppb, EPA IRIS (narrative objective)

Gamma BHC(lindane)

0.019 ppb, DW and organisms, CTR

0.2 ppb, DHS AND EPA primary MCL

Chlordane – other

0.00057 ppb, DW and organisms, CTR

0.1 ppb, DHS primary MCL

4,4 – DDD

0.00083 ppb, DW and organisms, CTR

0.1 ppb, EPA IRIS (narrative objective)

4,4 – DDE

0.00059 ppb, DW and organisms, CTR

0.1 ppb, EPA IRIS (narrative objective)

4,4 – DDT

0.00059 ppb, DW and organisms, CTR

0.1 ppb, EPA IRIS (narrative objective)

Dieldrin

0.00014 ppb, DW and organisms, CTR

0.002 ppb, EPA IRIS (narrative objective)

Endosulfan I

0.056 ppb, 4-day CCC for FW aquatic life,
CTR

42 ppb, EPA IRIS (narrative objective)

Endosulfan II

110 ppb, DW and organisms, CTR

---

Endosulfan sulfate

110 ppb, DW and organisms, CTR

---

Endrin

0.036 ppb, 4-day CCC for FW aquatic life,
CTR

2 ppb, DHS AND EPA primary MCL

Endrin aldehyde

0.76 ppb, DW and organisms, CTR

---

Heptachlor

0.00021 ppb, DW and organisms, CTR

0.01 ppb, DHS primary MCL

Heptachlor epoxide

0.0001 ppb, DW and organisms, CTR

0.01 ppb, DHS primary MCL

Hexachlorocyclopentadienne

5.2 ppb, chronic LOEL for FW aquatic life
EPA NAWQC (narrative objective)

7.7 ppb, taste and odor threshold (narrative
objective)

Methoxychlor

0.03 ppb, instantaneous maximum conc for
FW aquatic life, EPA NAWQC

30 ppb, DHS primary MCL

Toxaphene

0.00073 ppb, DW and organisms, CTR

3 ppb, DHS AND EPA primary MCL

Dioxins & furans (2,3,7,8- 0.000000013 ppb, DW and organisms, CTR 0.00003 ppb, DHS AND EPA primary MCL
TCDD, terachlorodibenzon-p-dioxin)
Chlorpyrifos

0.014 ppb, 4-day CCC for FW aquatic life,
EPA NAWQC (narrative objective)

20 ppb, EPA DW health advisory
(narrative objective)

Diazinon

0.05 ppb, 4-day CCC for FW aquatic life,
EPA NAWQC (narrative objective)

0.6 ppb, EPA DW health advisory
(narrative objective)

Dimethoate

1 ppb, DHS state action level for toxicity
(narrative objective)

1 ppb, DHS state action level for toxicity
(narrative objective)

Ethion

0.02 ppb, instantaneous maximum for FW
aquatic life, EPA NAWQC (narrative
objective)

3.5 ppb, EPA IRIS (narrative objective)

Famphur

---

-----

Malathion

0.1 ppb, instantaneous maximum for FW
aquatic life, EPA NAWQC (narrative
objective)

100 ppb, EPA DW health advisory
(narrative objective)
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Table H-1. Continued
Page 3 of 5
Constituent

Surface Water

Groundwater

Organochloride pesticides (continued)
Parathion

0.013 ppb, 4-day average CCC for FW
aquatic life, EPA NAWQC (narrative
objective)

4.2 ppb, EPA IRIS (narrative objective)

Phorate

0.7 ppb, NAS DW health advisory
(narrative objective)

0.7 ppb, NAS DW health advisory
(narrative objective)

Polycyclic aromatic hydrocarbons
Acenaphthene

1200 ppb, DW and organisms, CTR

20 ppb, taste and odor Welfare (narrative
objective)

Acenaphthylene

---

---

Anthracene

9600 ppb, DW and organisms, CTR

2,100 ppb, EPA IRIS (narrative objective)

Benzo(a)anthracene

0.0044 ppb, DW and organisms, CTR

0.1 ppb, EPA primary MCL

Benzo(b)fluoranthene

0.0044 ppb, DW and organisms, CTR

0.029 ppb, Cal EPA Cancer Potency
Factor as DW Level

Benzo(k)fluoranthene

0.0044 ppb, DW and organisms, CTR

0.029 ppb, Cal EPA Cancer Potency
Factor as DW Level (narrative objective)

Benzo(g,h,I)perylene

---

---

Benzo(a)pyrene

0.0044 ppb, DW and organisms, CTR

0.2 ppb, DHS AND EPA primary MCL

Chrysene

0.0044 ppb, DW and organisms, CTR

0.29 ppb, CalEPA Cancer Potency Factor
as a DW Level (narrative objective)

Dibenz(a,h)anthracene

0.0044 ppb, DW and organisms, CTR

0.0085 ppb, CalEPA Cancer Potency
Factor as a DW Level (narrative objective)

Fluoranthene

300 ppb, DW and organisms, CTR

280 ppb, EPA IRIS (narrative objective)

Fluorene

1300 ppb, DW and organisms, CTR

280 ppb, EPA IRIS (narrative objective)

Indeno (1,2,3-cd)pyrene

0.0044 ppb, DW and organisms, CTR

0.029 ppb, CalEPA Cancer Potency Factor
as a DW Level (narrative objective)

Naphthalene

14 ppb, EPA IRIS (narrative objective)

14 ppb, EPA IRIS (narrative objective)

Phenanthrene

---

---

Pyrene

960 ppb, DW and organisms, CTR

210 ppb, EPA IRIS (narrative objective)

Polychlorinated biphenyls (PCBs)
Aroclor 1016

Sum of all PCBs: 0.00017 ppb, DW and
organisms, CTR

Sum of all PCBs: 0.5 ppb, DHS AND EPA
primary MCL

Aroclor 1221

See Aroclor 1016 values

See Aroclor 1016 values

Ariclor 1232

See Aroclor 1016 values

See Aroclor 1016 values

Aroclor 1242

See Aroclor 1016 values

See Aroclor 1016 values

Aroclor 1248

See Aroclor 1016 values

See Aroclor 1016 values

Aroclor 1254

See Aroclor 1016 values

See Aroclor 1016 values

Aroclor 1260

See Aroclor 1016 values

See Aroclor 1016 values

2,3-Dichlorobiphenyl

See Aroclor 1016 values

See Aroclor 1016 values

2,2',5-Trichlorobiphenyl

See Aroclor 1016 values

See Aroclor 1016 values

2,4',5-Trichlorobiphenyl

See Aroclor 1016 values

See Aroclor 1016 values

2,2'3,5'Tetrachlorobiphenyl

See Aroclor 1016 values

See Aroclor 1016 values
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Table H-1. Continued
Page 4 of 5
Constituent

Surface Water

Groundwater

Polychlorinated biphenyls (PCBs) (continued)
2,2'5,5'Tetrachlorobiphenyl

See Aroclor 1016 values

See Aroclor 1016 values

2,3'4,4'Tetrachlorobiphenyl

See Aroclor 1016 values

See Aroclor 1016 values

Ammonia

***Depends on pH and temperature***
See page 13 of Water Quality Goals

500 ppb, taste and odor threshold

Bifenthrin

100 ppb, EPA IRIS (narrative objective)

100 ppb, EPA IRIS (narrative objective)

Bromadiolone

---

---

Copper Sulfate

See copper values

See copper values

Other constituents

Cycocel

---

---

Cyfluthrin

---

---

Cyhalothrin

35 ppb, EPA IRIS (narrative objective)

35 ppb, EPA IRIS (narrative objective)

Disodium octaborate
tetrahydrate

---

---

Diuron

10 ppb, EPA DW health advisory

10 ppb, EPA DW health advisory

Glyphosate

700 ppb, DHS AND EPA primary MCL

700 ppb, DHS AND EPA primary MCL

Imidacloprid

---

---

Omite (propargite)

140 ppb, EPA IRIS (narrative objective)

140 ppb, EPA IRIS (narrative objective)

Oxyethylene Glycol

---

---

Paraquat

30 ppb, EPA DW health advisory (narrative
objective)

30 ppb, EPA DW health advisory (narrative
objective)

Permethrin

350 ppb, EPA IRIS (narrative objective)

350 ppb, EPA IRIS (narrative objective)

Propetamphos

---

---

Propylene oxide

0.1 ppb, EPA IRIS (narrative objective)

0.1 ppb, EPA IRIS (narrative objective)

Pyrethrin II

---

---

Thiobencarb

1 ppb, DHS secondary MCL

1 ppb, DHS secondary MCL

Thiophanate-methyl

560 ppb, EPA IRIS (narrative objective)

560 ppb, EPA IRIS (narrative objective)

Tributyltin

0.063 ppb, 4-day average CCC for FW
aquatic life EPA NAWQC (narrative
objective)

2 ppb, EPA IRIS (narrative objective)

Ziram

87.5 NAS DW health advisory (narrative
objective)

87.5 NAS DW health advisory (narrative
objective)

__________
Notes:
--BPO
CCC
CMC
CTR

=
=
=
=
=

No current screening value.
Basin Plan objective.
Criteria continuous concentration.
Criteria maximum concentration.
California Toxics Rule.
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Table H-1. Continued
Page 5 of 5
DHS
DW
EPA
FW
GW
IRIS
LOEL
MCL
NAS
NAWQC
SW
WQO

=
=
=
=
=
=
=
=
=
=
=
=

California Department of Health Services.
Drinking water.
U.S. Environmental Protection Agency.
Fresh water (non-saline).
Groundwater.
Integrated risk information system.
Lowest observable effect level.
Maximum contaminant level (for DW systems).
National Academy of Sciences.
National ambient water quality criteria.
Surface water.
Water quality objective.

Information is taken from November 20, 2001, update memo for water quality goals, Regional Water Quality Control Board,
Central Valley Region. Changes for metal are indicated in bold, italicized type.
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DREDGE DATABASE STRUCTURE
The DREDGE database consists of a series of 12 related data tables:
•
•
•
•
•
•
•
•
•
•
•
•

SITE,
STUDY,
STATION,
SAMPLE,
CHEM,
ELUCHEM,
CHEMDICT,
BIOELU,
BIOSED,
SPECIES,
TESTDICT, and
QUALIFY.

Each of the data tables is discussed individually below. The relationships between each of the data
tables are shown in Figure I-1. In the majority of the data tables, ROWID fields are used for database
housekeeping and to act as linking fields among the various data tables (these fields are not
discussed).
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SITE Data Table
The data table SITE contains information about each of the areas in the Delta where sediments were
sampled and analyzed for the presence of various metals and organic compounds. Some of these
sites may cover large areas, such as the Sacramento Deep Water Ship Channel, or they may be
localized, such as the Lauritzen Yacht Harbor. The SITE table contains the following fields:

Field

Description

SITEID

An assigned identification number that is then associated with all records entered for the
site.

SITENAME

The name given to the site (for example, ASacramento Deep Water Ship Channel@).

COUNTY

The county in which the site is located. If the site encompasses an area that overlaps into
more than one county, the county with the largest area is used.

SITE_LATITUDE

The course latitude, in degrees, where the site is located.

SITE_LONGITUDE

The course longitude, in degrees where the site is located.

WATERSHED

This field lists the watershed in the Delta where the site is located (for example, the
Mokelumne or Sacramento River).

CHEMTOX

This field indicates that records have been entered for the site with sediment chemistry
data or toxicity data.

Delta Dredging and Reuse Strategy

I-3

June 2002

Appendix I. Description of DREDGE Database

STUDY Data Table
Many of the sites cover large areas and have been sampled at different times in various parts of the
site, or multiple studies have been conducted over several years during the course of planning and
completing a dredging project. Data for each specific study for a given site are contained as a
separate record in the STUDY table. There may be multiple records in the STUDY table that relate to
each record in the SITE table. The STUDY table contains information on the investigators and
authors of a study, the year the study was conducted, and any information on waste discharge
numbers assigned by the Regional Water Quality Control Board (Regional Board) or identification
numbers assigned by other investigating agencies such as the U.S. Army Corps of Engineers
(Corps). Information also is recorded on the type of data included in each study, such as bulk
sediment chemical analyses, chemical analyses of various elutriates, and aquatic toxicity tests using
various test species. The STUDY table contains the following fields:

Field

Description

STUDYID

When multiple studies have been identified for a site, the individual studies are
numbered here.

WDRNO

The Waste Discharge Number issued by the Regional Board.

STUDYNAME

The subject of the study is given a name here (for example, Del=s Harbor, as part of the
South Delta Improvement Project site). This name typically is shorter than the title of
the study.

INVESTIGATE

The names of the principle investigators for a study.

SEDCHEM

Indicates whether the study contains data on bulk sediment analyses.

SEDTOX

Indicates whether sediment toxicity data are included as part of the study.

SUBSURF

Indicates whether the study contains data on subsurface sediment samples.

LABACCU

Indicates whether data on tissue bioaccumulation tests are included in the study.

TISSCHEM

Indicates whether data on tissue chemical analyses are included in the study.

ELUCHEM

Indicates whether the study contains data on chemical analyses of elutriates made from
the sediment samples.

ENVICHEM

Indicates whether the study contains data chemical analyses from environmental
samples collected during field monitoring at sampling stations.

STUDCOMM

Comments made by staff reviewing the published study.

YEAR

The year the study was published.

AUTHORS

The names of the authors of the study.

TITLE

The actual title of the report.

LIBLOC

Information on the physical location of the original written study.

SOURCE

Information on the source or publisher of the study.

RWQCBNO

The Regional Board library or catalog number.

DWRNO

The Department of Water Resources (DWR) library number for the study.

COENO

The Corps library reference number.
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STATION Data Table
The STATION data table contains information on each of the sample collection stations identified for
each study. Most studies contain samples collected from more than one location (station). As a
result, there are typically multiple records in the STATION table that relate to each record in the
STUDY table. The STATION table contains information on the individual sampling stations, including
specific latitude and longitude in degrees, minutes, and seconds and a description of the sampling
station. The STATION table contains the following fields:

Field

Description

STATIONID

The station identifier code assigned from the study.

LATDD

The latitude of the sampling station in decimal degrees for use in plotting with a
geographic information system (GIS).

LONDD

The longitude of the sampling station in decimal degrees for use in plotting with GIS.

LATD

The latitude degrees for the location of the sampling station.

LATM

The latitude minutes for the location of the sampling station.

LATS

The latitude seconds for the location of the sampling station.

LOND

The longitude degrees for the location of the sampling station.

LONM

The longitude minutes for the location of the sampling station.

LONS

The longitude seconds for the location of the sampling station.

NORTHING

The Northing measurement in the State Plane Measurement System for the location of
the sampling station (typically used by the Corps).

EASTING

The Easting measurement in the State Plane Measurement System for the location of
the sampling station (typically used by the Corps).

LOCDESC

Descriptors for the location of the sampling station.

EST_STN

The location for the sampling station was reported in the study (?), derived from a plot
on a map (?) or assigned based on a physical description of the station location (?).
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SAMPLE Data Table
The SAMPLE data table contains information about each of the samples collected at a station such as
identification numbers assigned by the investigator, the date and time that the sample was
collected, the identification number for any laboratory replicate or field replicate sample generated,
and the upper and lower depths of the sample. If a sample core was collected from a station and
then split into segments, with each segment analyzed separately, the SAMPLE table contains separate
records for each of the segments. The table also contains information such as the total organic
carbon, percent fines, percent hydrogen sulfide in the pore water, and percent un-ionized ammonia
in the pore water. The SAMPLE data table contains the following fields:

Field

Description

SAMPLEID

The unique identifier number for each sample as it is reported in the study.

FIELDREP

The sample identifier assigned in the field if the sample is split for duplicate analysis as
reported in the study.

LABREP

The sample identifier assigned by the analytical laboratory if the sample is split for
duplicate analysis in the laboratory.

SEDDEPTH

The depth of the sediment sample if it is reported in the study. Typically, this field was
used to report the size of the sample in feet.

UDEPTH

The upper depth of the sample. If a sediment core was split into separate samples
based on depth, with each segment being analyzed separately, the upper depth for
each consecutive sample was assigned as the depth that segment was from the top of
the sediment core. For example, for a sample core 15 feet long, the top 5 feet of the
core is designated as one sample and the remaining 10 feet is designated as a separate
sample. The upper depth for the top segment would be 0 feet and the lower depth
would be 5 feet. The upper depth for the remaining segment would be 5 feet and the
lower depth would be 15 feet.

LDEPTH

The depth of the bottom of sample. (See the discussion for the field UDEPTH.)

SAMPDATE

The date for collection of the sediment sample.

SAMPTIME

The time the sample was collected.

TOC

The total organic carbon (milligrams per kilogram [mg/kg]).

PCTFINES

The percent fines (combined percent clay and percent silt).

UAN_PW

The percent of un-ionized ammonia present in the pore water.

H2SPW

The percent of hydrogen sulfide present in the pore water.

EXSAMIP

The sample identifier originally assigned by the investigator in the field if it is different
from the final sample identifier.
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CHEM Data Table
The CHEM data table contains the results of the chemical analyses on the bulk sediment samples.
This table contains separate records for each compound that was analyzed (for example, separate
records for copper, zinc, and ppΝ-DDT). Data tracked for each compound includes the numeric
value, the concentration units (parts per million [ppm], parts per billion [ppb], or parts per trillion
[ppt]), the basis of weight (wet or dry), and whether the value reported is below the detection limit.
When a specific chemical was less than the detection limit, it is reported as one-half of the detection
limit. The number of records in the CHEM data table depends on the number of chemicals analyzed.
The CHEM table contains the following fields:
Field

Description

CHEMCODE

The name or abbreviation of a chemical reported. Only one chemical is reported for
each record. This field links to the CHEM data table and the CHEMDICT data table.

CONCENTRATION

The reported concentration of the chemical. If the chemical was reported as not
detected or as having a value below the given detection limit, a concentration of onehalf of the detection limit is entered.

REPT_UNITS

The units of concentration (ppm, ppb, or ppt).

MEASBASIS

The basis of the concentration (wet weight or dry weight).

NON_DETECT

Indicates whether the concentration reported is below the detection limit.

MISSINGVAL

Indicates whether any data for this record were missing from the study.
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ELUCHEM Data Table
The ELUCHEM table contains analytical results for sediment elutriates, which may include one or
more of the following elutriates:
•
•
•

Waste extraction test (WET),
Deionized water waste extraction test (DIWET), and
Modified elutriate test (MET).

Like the CHEM data table, there are separate records for each chemical analyzed, for each type of
elutriate (for example, the table may contain three values for copper if all three elutriates were
analyzed). The table also includes numeric value for the chemical, the units of concentration, the
elutriate method (WET, DIWET, or MET), the analytical method used (if reported), and a notation
as to whether the chemical is below the detection limit. When a specific chemical was less than the
detection limit, it is reported as on-half of the detection limit. The number of records in the
ELUCHEM data table depends on the number of chemicals analyzed. The ELUCHEM table contains the
following fields:

Field

Description

PERCENTH20

The percent moisture for the sample.

ELUMETHOD

Information on the analytical method used for the chemical listed in the CHEMCODE field.

CHEMCODE

The name or abbreviation of a chemical. Only one chemical is reported for each record.
This field also links with the ELUCHEM table and the CHEMDICT table.

CONCENTRATION

Concentration of the chemical listed in the CHEMCODE field. If the chemical was reported
as not detected or as having a value below the given detection limit, a concentration of
one-half of the detection limit is entered.

REPT_UNITS

The units of concentration (ppm, ppb, or ppt).

NON_DETECT

Indicates whether the concentration reported is below the detection limit.

MISSINGVAL

Indicates whether any data for this record were missing from the study.

ELUTYPE

The type of elutriate (WET, DIWET, ot MET).

ELUCOMM

Comments on the reported analysis.
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CHEMDICT Data Table
The CHEMDICT table contains information on the various chemicals listed in the CHEM and ELUCHEM
data tables. The full name for each chemical, CAS number, molecular weight, category (for
example, metal or nonmetal, or polyaromatic hydrocarbons [PAHs]), and the usual concentration
units reported for each compound are included. The CHEMDICT table contains the following fields:

Field

Description

CHEMCODE

The name or abbreviation for the chemical in the analysis of a bulk sediment or the
elutriate. This field also links with the CHEMDICT, CHEM, and ELUCHEM data tables.

CHEMNAME

The complete name for each chemical and corresponds to the abbreviation listed in the
CHEMCODE field.

CHEMCLASS

The chemical classification for the CHEMNAME field (for example, 4,4-DDT is classified as a
pesticide and Benzo[a]pyrene is classified as a PAH).

CATEGORY

An alternative classification scheme for the chemical given in the CHEMNAME field.

SUBCATGY

Information on the classification used in the CATEGORY field (for example, 4,4-DDT is
identified as an organochlorine (OC) pesticide, and malathion is identified as an
organophosphate (OP) pesticide while both are identified as semi-volatile organic
compounds [SVOCs] in the CATEGORY field).

CHEMTOTAL

This field will be used to total groups of compounds by their classification. Data have not
been entered into the field for any records at this point.

MOLWT

Information on the molecular weight of the chemical identified in the CHEMNAME field.

CASNUM

The Chemical Abstract Service (CAS) number for the chemical identified in the CHEMNAME
field.

UNITS

The concentration units routinely used for reporting the chemical identified in the
CHEMNAME field.
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BIOELU Data Table
The BIOELU data table contains the results of aquatic toxicity tests performed on sediment elutriates.
Information on the species used in the test, the observed effects, the percent concentration of the
elutriate tested, and the notations of significance are included. This table may contain multiple
records, depending on the number of tests conducted and the species used. The BIOELU table
contains the following fields:

Field

Description

TESTID

Links the test results in the BIOELU data table to the TESTDICT data table that contains
specific information on the type of toxicity test performed.

SERIES

The bioassay test series number.

EFFECTVAL

The measured effect value of the reported bioassay test.

PERELU

The percent elutriate used in the reported bioassay test.

SIGEFFECT

A logical field as to whether the test results were significant.

NEG

A logical field as to whether a negative control bioassay was used.

REF

A logical field as to whether a reference sample was used.

STAT

A logical field as to whether the results were used in a comparison.

CTRLADJ

The effect value after it was adjusted based on the control test results.

TOXCODE

The sample was T (toxic) or N (non-toxic).
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BIOSED Data Table
The BIOSED table contains the results of aquatic toxicity tests performed on bulk sediment samples.
As with the BIOELU data table, information on the type of toxicity test, the species used in the test,
the observed effects, and the significance of observed effects are included. This table may contain
multiple records, depending on the number of tests conducted and species used. The BIOSED data
table contains the following fields:

Field

Description

TESTID

Links the test results in the BIOSED data table to the TESTDICT data table that contains
specific information on the type of toxicity test performed.

SERIES

The bioassay test series number.

EFFECTVAL

The measured effect value of the reported bioassay test.

PERELU

The percent elutriate used in the reported bioassay test.

SIGEFFECT

A logical field as to whether the test results were significant.

NEG

A logical field as to whether a negative control bioassay was used.

REF

A logical field as to whether a reference sample was used.

STAT

A logical field as to whether the results were used in a comparison.

CTRLADJ

The effect value after it was adjusted based on the control test results.

TOXCODE

The sample was T (toxic) or N (non-toxic).

Delta Dredging and Reuse Strategy

I-11

June 2002

Appendix I. Description of DREDGE Database

SPECIES Data Table
The SPECIES data table contains information on the common and scientific names, and groupings
for each of the species used in the aquatic toxicity tests performed on the sediments and sediment
elutriates. The SPECIES table contains the following fields:

Field

Description

SSPCODE

The abbreviated code name for each of the test species. This field also links the
TESTDICT data table to the SPECIES data table.

COMMONNAME

The common name of the test species.

SCIENTIFICNAME

The scientific name of the test species.

GROUP

The classification grouping for the test species.

ALTGROUP

An alternative grouping classification for the test species if one has been identified.

HABITAT

The habitat of the identified test organism.
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TESTDICT Data Table
The TESTDICT data table contains records for bioassays of sediment samples and sediment
elutriates. This includes the species used, the life history stage for the test organism(s), the type of
test (for example, chronic or acute), the endpoint for the individual test, and the test duration. The
data table TESTDICT contains the following fields:

Field

Description

TESTID

Links the TESTDICT data table to the BIOELU and BIOSED data tables.

MEDIUM

The type of medium being tested by the specific test.

ASSAY_GROUP

Information on the grouping of the type of bioassay test.

SSPCODE

The code for the bioassay test species. This field also links the TESTDICT data table to
the SPECIES data table.

LHS

Information on the life history stage of the test organisms.

ENDPOINT

Information on the analytical endpoint for the specific type of bioassay test, (for example,
reproductive impacts, growth rate, or lethality).

DURATION

Information on the duration of the bioassay test.

OLDID

Information on former test codes used for this bioassay test.
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QUALIFY Data Table
The QUALIFY data table includes a separate record for each study entered into the DREDGE
database. These records contain the quality assurance review scores assigned to each report by the
California Department of Fish and Game laboratory staff who have reviewed the studies and
associated quality assurance and quality control (QA/QC) documentation. The QUALIFY data table
contains the following fields:

Field

Description

QUALCODE

The overall grade or score for basic data quality review.

PMSCORE

The score for the protocol/method review for the study.

QASCORE

The score for the review of the quality assurance and quality control procedures as
specified in the study.

RDSCORE

The score for the review of the raw data support as reported in the study.

CCSCORE

The review score for clarity and completeness as presented in the study.

QUALCOMM

Comments on the study as provided by the reviewing staff.
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DESCRIPTION OF SEDIMENT QUALITY ASSESSMENT
GUIDELINES FOR AQUATIC DISPOSAL
SEDIMENT BACKGROUND APPROACH

The sediment background approach (SBA) compares sediment contaminant concentrations at
the site to the concentrations of the same contaminants at sites that are considered
representative of background (natural) concentrations. Historical records for a specific site or
data from sediment core profiles are used to define background levels of specific contaminants.
Usually, if a contaminant exceeds the mean background concentration by a significant margin
(one standard deviation of the mean), the sample is considered to be contaminated.
Advantages of this approach include its simplicity and that it does not require extensive data or
toxicity testing. Because no direct biological effects or bioavailability data are required;
however, it is not clear whether the SBA guidelines would protect aquatic biota. The SBA
approach assumes that all anthropogenically derived (caused by human sources) contaminants
would be zero and that natural background concentrations of trace elements can be identified
from core samples. The U.S. Environmental Protection Agency (EPA) has used this approach in
the Great Lakes to develop a classification system for harbors and to assess the applicability of
sediment quality assessment guidelines (SQAGs) for open water disposal (SAIC 1991; Persaud
and Wilkins 1976; Mudroch et al. 1986, 1988).

SPIKED-SEDIMENT BIOASSAY APPROACH
The spiked-sediment bioassay approach (SSBA) relies on empirically generated information on
the responses of test organisms to specific contaminants under laboratory conditions. In this
procedure, clean sediments are spiked with known concentrations of contaminants to establish
definitive cause-and-effect relationships. Chemicals are tested alone or in combination, and
numerical SQAGs are derived. The major advantage of this method is that it is suitable for all
classes of chemicals and types of sediments. The disadvantages are that bioassays have been
conducted on a few species with only a limited number of chemicals. Uncertainties also are
associated with the spiking procedures, equilibration periods, and factors controlling the
bioavailability of the chemicals that limit the interpretation of the results. This procedure has
been used with various types of sediments. A formal protocol for developing SQAGs from
bioassays has been used by Environment Canada (MacDonald and Smith 1991).

EQUILIBRIUM PARTITIONING APPROACH
The water-sediment equilibrium partitioning approach (EqPA) is one off the most studied
approaches for developing SQAGs (Di Toro et al. 1991). This approach assumes that the
bioavailability of contaminants in the sediment matrix is predictable based on the physical and
chemical properties and that there is continuous equilibrium exchange between sediment and
interstitial water. The approach is supported by the results of sediment toxicity tests that
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indicate positive correlations between the biological effects and concentrations of contaminants
measured in interstitial water. In the EqPA, the final chronic value (FCV) (EPA 1985) water
quality criterion for the protection of aquatic organisms is used as the basis for the SQAG. The
calculation for the non-ionic organic contaminants is:
SQAG
SQAGS

=
=

Kp

=

FCV

=

Kp * FCV where,
sediment quality assessment guideline (in
micrograms [ug] per kg)
partition coefficient for the chemical (in liters [l]
per kg)
final chronic value.

EPA (1991) considers this procedure appropriate for deriving SQAGs for non-ionic substances;
total organic carbon (TOC) normalization is used to provide a reliable basis for predicting
toxicity to aquatic organisms (Swartz et al. 1990). The role of acid volatile sulfides (AVS) is
under investigation for determining its utility in deriving SQAGs for metals (Di Toro et al.
1992). The advantages of this approach are its applicability to a wide variety of sediments and
its consideration of site-specific environmental variables that control the bioavailability of
contaminants (for example, TOC and AVS). The theory is well developed, it has been used in
various regulatory applications, and it provides a consistent basis for assessing sediment
contamination. (EPA 1989a.) The disadvantages of the EqPA include that it is restricted to
those contaminants with water quality criteria (WQC); it does not consider synergistic, additive,
or antagonistic effects of contaminants, there is uncertainty in the estimates of partition
coefficients for certain substances, and sediments are seldom, if ever, at equilibrium.
Nonetheless, the EPA has selected the EqPA as a primary basis for deriving sediment quality
assessment values.

TISSUE RESIDUE APPROACH
Like the EqPA, the tissue residue approach (TRA) uses chemical partitioning as a basis for the
SQAGs. This approach involves the establishment of safe contaminant concentrations by
determining the concentrations in sediments that are predicted to result in acceptable tissue
residues. Relationships between contaminant residues in aquatic biota and adverse effects on
consumers of these species must be established. Several methods are available to derive
guidelines for levels of contaminants in the edible tissue of aquatic biota (MacDonald 1991).
SQAGs can be derived from tissue residues for protection of human health and wildlife if
acceptable bioaccumulation factors (BCFs) are available. The disadvantage of this approach,
apart from those for the EqPA, is that tissue residue guidelines for the protection of wildlife
have not been developed and residue-based dose-response relationships have not been
established for most contaminants (EPA 1989a). This approach has been used to develop water
quality guidelines for protection of human health. The applicability of this approach to the
derivation of SQAGs is supported by data demonstrating that declines in DDT residues in fish
and birds are strongly correlated with declining concentrations of DDT in surficial sediments in
the Great Lakes and Southern California Bight.

Delta Dredging and Reuse Strategy

J-2

June 2002

Appendix J. Description of Sediment Quality Assessment
Guidelines for Aquatic Disposal

SCREENING LEVEL CONCENTRATIONS APPROACH
The screening level concentrations approach (SLCA) is based on biological effects and is
applicable to the protection of benthic organisms. This approach uses matching biological and
chemical data collected in field surveys to calculate a screening level concentration (SLC). The
SLC is an estimate of the highest concentration of a contaminant that can be tolerated by a
defined set of benthic infaunal species. This approach relies on a database that contains
information on the concentration of specific contaminants in sediments and on the cooccurrence of benthic organisms. The species screening level concentration (SSLC) for all the
species are compiled as a frequency distribution to determine the concentration that 95% of the
species can tolerate; this concentration is termed the SLC for that contaminant. The advantage
of this approach is that these data are generally available, but the disadvantage is that this
approach involves a large number of assumptions—foremost that the contaminant is limiting
the distribution of the species. The effects of other factors, including unmeasured contaminants,
habitat requirements, sampling biases, and interspecific interactions, are not considered. The
SCLA also assumes that the available database includes the full range of tolerance of the
species.

SEDIMENT QUALITY TRIAD APPROACH
The sediment quality triad approach (SQTA) originally was developed as a tool to support sitespecific assessments of sediment quality (Long 1989). However, the information collected in
support of the SQTA also has been used as a basis for the development of SQAGs (Chapman
1986). The approach is based on co-occurrence of three measures of sediment chemistry,
sediment bioassays, and in situ biological effects (infaunal community structure and
histopathological abnormalities in benthic fish). The integration of these three components
provides comprehensive information, which can be used to formulate site-specific sediment
quality objectives. The major advantage is that the approach integrates the data generated from
three separate measurements and facilitates the differentiation of the natural variability in biotic
characteristics from the variability due to toxic effects of contaminants. This method provides a
weight-of-evidence approach to development of SQAGs. Limitations include the lack of
statistical criteria for development of data in the triad, and a large database is generally needed.
Sample collection, analysis, and interpretation is labor intensive and costly, and it is difficult to
choose a reference site. The SQTA generally is used as a means to identify priority areas for
remedial action, determine the size of the areas that require remedial action, verify the quality
of reference sites, determine the contaminant concentrations that are always associated with
effects, and describe ecological relationships between the characteristics of bottom sediments
and biota that are at risk (EPA 1989a).

APPARENT EFFECTS THRESHOLD APPROACH
The apparent effects threshold approach (AETA) was developed by Tera Tech, Inc. (1986) for
deriving SQAGs for the Puget Sound area of Washington State. The approach is based on
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relationships between contaminant concentrations and biological effects observed in sediment.
The effects include toxicity as measured in sediment bioassays, changes in abundance of
various species, and changes in benthic community structure. The AETA is based on dry
weight normalized contaminant concentrations for metals and either dry weight or TOC
normalized concentrations for organic substances (Washington Department of Ecology 1990a).
The AETA uses a wide variety of biological effects data from field surveys and bioassays
performed in the laboratory. In Puget Sound, apparent effects thresholds have been
demonstrated to provide good tools for predicting biological effects associated with
contaminants in the sediment. The AETA does not provide definitive cause-and-effect
relationships, thus this approach would result in some uncertainty in the SQAGs developed.
There is also a risk that the AETA would result in under-protection of biological resources as it
defines the concentration of a contaminant above which biological effects are always observed.
Conversely, the AETA also may be over-protective when a contaminant co-varies with another
contaminant that is producing the biological effect. This approach has been used in Washington
State to establish marine sediment standards, but should not be used to develop general,
nationally applicable SQAGs.

NATIONAL STATUS AND TRENDS PROGRAM APPROACH
The national status and trends program approach (NSTPA) to derive SQAGs (Long and Morgan
1990) was developed to assess the potential for biological effects of sediment-associated
contaminants tested in the National Status Trends Program. The approach uses a database
containing information generated by three groups of data: the EqPA, the SSBA, and various
approaches that rely on matching (co-occurrence) sediment chemistry and biological effects
data (AETA, SLCA, and SQTA). All information is weighted equally. The screening procedure
assesses the matching sediment chemistry and biological effects data, methods used, type and
magnitude of end-point, and degree of concordance between chemical and biological data.
Data from non-toxic or unaffected samples are assumed to be representative of background
conditions. Data points are identified for which a biological effect was observed in association
with contaminant concentrations. The data points are sorted in ascending order for each
contaminant in order to determine the lower 10th and 50th percentile concentrations for each
contaminant were determined. The effects range-low (ER-L; 10th percentile value) is considered
to represent a lower threshold value, above which adverse effects on sensitive life stages and
species begin. The effects range-median (ER-M; 50th percentile value) is considered to represent
a second threshold value, above which adverse effects on most species are frequently or always
observed. The ER-L and ER-M are used as informal SQAGs. The major advantage of the
NSTPA approach is that it provides a weight-of-evidence approach and a relationship of
concentrations of contaminants to specific biological effects. The approach facilitates the
identification of ranges of contaminant concentrations, which provide a means of determining
the probability of observing adverse effects at specific contaminant concentrations. Limitations
include the uncertain quality and compatibility of the data, and the lack of available effects
range guidelines for all contaminants. This amalgamation of data may have resulted in the
interpretation of responses as being attributable to a contaminant when synergistic, additive, or
antagonistic effects actually were occurring.
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DESCRIPTION OF SEDIMENT QUALITY ASSESSMENT
GUIDELINES FOR UPLAND DISPOSAL
OAK RIDGE NATIONAL LABORATORIES
TOXICOLOGICAL BENCHMARKS

The U.S. Department of Energy (DOE) Oak Ridge National Laboratories (ORNL) prepared a
series of assessments for use in screening soil contaminants, exclusive of pesticides, as part of
their risk assessment for contaminated DOE facilities. Assessments have been produced with
“benchmark” values for plants (Efroymson et al. 1997a), soil invertebrates and microbial
processes (Efroymson et al. 1997b), and wildlife (Sample et al. 1996). Benchmark values were
derived from rigorous review of published field and laboratory studies. Efroymson et al.
(1997a) states that, wherever possible, no observable effect concentration (NOEC) values were
used for plants. NOEC values were identified as concentrations that resulted in a 20% or less
reduction in productivity. The data for wildlife use benchmark concentrations derived for food
or water, rather than concentrations based on soil concentrations. Because ORNL does not use
soil concentrations that are directly applicable to terrestrial wildlife, soil concentrations for
plants and soil invertebrates that are directly applicable were chosen for this study. Where
benchmark values were given for plants and soil invertebrates, the lowest concentration was
listed as the most conservative for protection of the widest number of ecological receptors.

U.S. ENVIRONMENTAL PROTECTION AGENCY
ECOLOGICAL SOIL SCREENING LEVELS
The EPA (2000) has identified 24 contaminants that appear frequently at hazardous waste
Superfund sites around the country. Eight different ecological receptors were identified for
development of soil screening level (SSL) values, including:
•

Plants,

•

Soil invertebrates (typically earthworms),

•

Three trophic levels of avian species (herbivorous, insectivorous, and carnivorous),
and

•

Three trophic levels of mammalian species (herbivorous, insectivorous, and
carnivorous).

Receptors were identified based on extensive and rigorous reviews of published toxicity data.
Values are currently not available for all 8 receptors, for all 24 identified contaminants. Values
have been determined for multiple receptors for some contaminants. For some contaminants,
data are simply not available to develop an SSL. As new values are determined and made
available, they can be incorporated into the evaluation process for reuse of dredged sediments.
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If more than one SSL value was available for a contaminant, the lowest value was chosen as
protective of the widest number of ecological receptors.

CANADIAN COUNCIL OF MINISTERS
OF THE ENVIRONMENT
The current Canadian Council of Ministers of the Environment (CCME) recommended
Canadian soil quality guidelines (SQGs) (CCME 1997) are intended to provide scientifically
defensible, compound specific protection for ecological receptors (SQGE) or human health
(SQGH). Protection levels are individually associated with four different land use scenarios:
agricultural, residential/parkland, commercial, and industrial. The environmental guidelines
were derived following extensive review of current toxicological data and are based on
exposure through direct soil contact for the residential/parkland, commercial, and industrial
land scenarios. The SQGE for agricultural land use is based on exposure through soil contact
and food ingestion. A separate set of SQG values were developed for human health for each of
the four land uses. The SQGE and the SQGH values then were compared for each of the four
land uses. The lower of the two values was chosen for that specific land use. The lowest SQG
value of the four uses was chosen (Table 5-4 in the main document) as being protective of the
greatest number of ecological receptors. (Note: The term “SQG” is the same as the term “SQAG” in
the main document.)

U.S. ENVIRONMENTAL PROTECTION AGENCY HUMAN PRELIMINARY
REMEDIATION GOALS AND SOIL SCREENING LEVELS
To assist in screening and clean-up activities at contaminated sites, the EPA Region 9 developed
a table of preliminary remediation goals (PRGs) to estimate concentrations of specific
contaminants in soils that would be considered to protective of humans over the course of a
lifetime. In addition to PRGs, Region 9 also has developed 100 human SSL values that take into
account the possible migration of a specific contaminant to groundwater. All of the human
PRG and SSL values are based on residential soil conditions as the most conservative and,
therefore, the most protective.

LONG ET AL. (1995)
Long et al. (1995) used the National Oceanographic and Atmospheric Administration (NOAA)
database on sediment chemistry and associated toxicity to statistically derive concentrations for
select contaminants below which biological effects are unlikely (Effects Range-Low [ER-L]) and
above which biological effects are likely to occur (Effects Range-Median [ER-M]). The
SFBRWQCB (2000) used these values to assess the reuse of sediments, including upland
disposal. The ER-L and the ER-M values can be used as screening concentrations in the same
manner as the EPA SSL or the ORNL benchmark values. Long et al. values, however, are for
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marine and estuarine sediments. Data from freshwater studies were specifically excluded from
the evaluations.

DEPARTMENT OF ENVIRONMENTAL PROTECTION
FOR THE STATE OF FLORIDA
The Department of Environmental Protection for the State of Florida (FDEP) (1994) developed
sediment chemistry guideline concentrations for use in screening coastal sediments for potential
biological effects. Like Long et al. (1995), two values were developed for a series of
contaminants in sediments. The threshold effects level (TEL) indicates the concentration below
which any observable biological effect from a contaminant would be unlikely. The probable
effects level (PEL) indicates the concentration for a contaminant above which it is likely that a
biological effect would be observed. These values are for use with marine and estuarine
sediments rather than freshwater sediments, and both values are for aquatic and wetland
disposal rather than upland disposal. Both Long et al. (1995) and the FDEP (1994) guideline
concentrations may have limited usefulness in assessing upland disposal of contaminated
sediments.

AMBIENT SOIL CONCENTRATIONS
Ambient, or background, concentrations for specific natural and anthropogenic compounds in
the Sacramento-San Joaquin River Delta (Delta) can be determined statistically from an analysis
of analytical results. The resulting values then can be assumed to represent the concentrations
of these compounds in Delta soils. Some chemicals, for example nickel and selenium, may
naturally occur at elevated concentrations in Delta soils. For anthropogenic (human-caused)
compounds found in elevated concentrations in Delta soils, appropriate toxicity tests for plants
or soil invertebrates may show that the ambient concentrations do not pose a significant risk for
ecological receptors.
The purpose of the soil screening values or guideline concentrations is to assist in the
elimination of specific contaminants from further consideration as COPCs. Ambient soil
concentrations also may be used in this review process. If guideline concentrations have not
been derived from the literature for a contaminant, an alternative for evaluating contaminants
in sediments may be the use of ambient soil concentrations as the screening value.
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NUMBER OF ANALYSES FOR BULK SEDIMENTS

Contaminant

Number of
Analyses

Contaminant

Number of
Analyses

1,1,1-trichloroethane

1

4-Chlorophenyl phenyl ether

7

1,1,2,2-tetrachloroethane

1

4-methyl-2-pentanone

1

1,1,2-trichloro-1,2,2-trifluoroethane

8

4-methylphenol

7

1,1,2-trichloroethane

1

4-nitroaniline

7

1,1-dichloroethane

1

4-nitrophenol

15

1,1-dichloroethylene

1

Acenaphthene

118

1,2,4-trichlorobenzene

7

Acenaphthylene

118

1,2-dibromoethane

8

Acetone

1,2-dichlorobenzene

16

Aldrin

223

1,2-dichloroethane

8

Alpha hexachlorocyclohaexane

223

1,2-diphenylhydrazine

1

Alpha-chlordane

33

1,3-dichlorobenzene

15

Aluminum

4

1,4-dichlorobenzene

21

Aniline

8

2,4,5-triclorophenol

7

Anthracene

118

2,4,6-trichlorophenol

15

Antimony

116

2,4-dichlorophenol

15

Aroclor 1016

217

2,4-dimethylphenol

15

Aroclor 1221

217

2,4-dinitrophenol

15

Aroclor 1232

217

2,4-dinitrotoluene

7

Aroclor 1242

236

2,6-dintrotoluene

7

Aroclor 1248

236

2-butanone

1

Aroclor 1254

237

2-chloronaphthalene

22

Aroclor 1260

237

2-chlorophenol

15

Arsenic

372

2-hexanone

1

Barium

111

2-methyl-4,6-dinitrophenol

15

Benzene

17

2-methylnaphthalene

30

Benzidine

7

2-methylphenol

7

Benzo(a) anthracene

118

2-nitroaniline

7

Benzo(a) pyrene

118

2-nitrophenol

15

Benzo(b) fluoranthene

118

3,3'-dichlorobenzidine

7

Benzo(e)pyrene

3-nitroaniline

1

4

7

Benzo(g,h,i) perylene

118

4,4-ddd

224

Benzo(k) fluoranthene

118

4,4-dde

225

Benzoic acid

7

4,4-ddt

223

Benzyl alcohol

14

4-bromophenyl phenyl ether

7

Benzyl butylphthalate

99

4-chloro-3-methylphenol

15

Beryllium

91

4-chloroaniline

7

Beta hexachlorocyclohexane

224
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Appendix L. Number of Analyses for Bulk Sediments

Contaminant

Number of
Analyses

Contaminant

Number of
Analyses

Bis (2-Chloroethoxy)methane

7

Endosulfan sulfate

Bis (2-chloroethyl) ether

14

Endrin

227

Bis (2-chloroisopropyl) ether

7

Endrin aldehyde

220

Bis (2-ethylhexyl)phthalate

99

Endrin ketone

12

Bromide

1

Ethylbenzene

17

Bromine

18

Fluoranthene

102

Bromodichloromethane

1

Fluoranthrene

16

Bromoethane

7

Fluorene

118

Bromoform

8

Gamma-chlordane

33

Bromomethane

8

Gasoline

68

Heptachlor

228

1

Heptachlor epoxide

228

8

Hexachlorobenzene

7

Hexachlorobutadiene

7
7

Cadmium
Carbon disulfide
Carbon tetrachloride
Chlordane

285

195

224

Chloride

1

Hexachlorocyclopentadiene

Chlorine

18

Hexachloroethane

Chlorobenzene

8

Indeno(1,2,3-cd) pyrene

Chloroethane

8

Iodide

1

Chloroform

8

Iron

6

Chloromethane

8

Isophorone

7

Chlorotoluene

1

Kerosene

3

7
118

Chromium

279

Lead

374

Chrysene

118

Lindane

228

Cis-1,2-dichloroethene

7

Mercury

350

Cis-1,3-dichloropropene

1

Methoxychlor

204

Cobalt

33

Methylene chloride

8

Copper

391

Methyl-tert-butylether

3

Delta hexachlorocyclohexane

224

Mirex

3

Dibenzo(a,h) anthracene

87

Molybdenum

41

Dibenzofuran

7

Monobutyltin

90

Dibromochloromethane

1

Naphthalene

118

Dibutyltin

90

Nickel

285

Dichlorofluoromethane

7

Nitrobenzene

6

Dieldrin

224

N-nitrosodimethylamine

8

Diesel

66

N-nitrosodi-n-propylamine

7

Diethylphthalate

99

N-nitrosodiphenylamine

7

Dimethylphthalate

99

Oil and grease

Di-n-Butylphthalate

99

Pentachlorophenol

15

Di-n-octylphthalate

99

Phenanthrene

118

Endosulfan I

224

Phenol

15

Endosulfan II

225

Pyrene

118

Delta Dredging and Reuse Strategy

L-2

120

June 2002

Appendix L. Number of Analyses for Bulk Sediments

Contaminant

Number of
Analyses

Selenium

275

Silver

283

Sodium

6

Styrene

1

Tetrabutyltin

72

Tetrachloroethane

1

Tetrachloroethene

6

Tetrachloroethylene

1

Tetrahydrofuran

1

Thallium

247

Toluene

17

Total dioxins

1

Total furans

1

Toxaphene

224

Trans-1,2-dichloroethene
Trans-1,3-dichloropropene
Tributyltin

7
1
149

Tributyltin chloride

6

Trichloroethene

6

Trichloroethylene

2

Trichlorofluoromethane

8

Vanadium

41

Vinyl acetate

1

Vinyl chloride

8

Xylene

17

Zinc

375
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Number of Analyses for Sediment Elutriates

APPENDIX M.

NUMBER OF ANALYSES FOR SEDIMENT ELUTRIATES

Number of Analyses
Contaminant

MET

1,1,1-trichloroethane

3

1,1,2,2-tetrachloroethane

3

1,1,2-trichloroethane

3

1,1-dichloroethane

3

1,1-dichloroethylene

3

1,2,4-trichlorobenzene

3

1,2-dichlorobenzene

6

1,2-dichloroethane

3

1,2-dichloropropane

3

1,3-dichlorobenzene

6

1,4-dichlorobenzene

6

2,4,5-T

16

2,4,5-TP

16

2,4,6-trichlorophenol

10

2,4-DB

16

DIWET

WET

2,4-DDD

5

2,4-DDE

5

2,4-DDT

5

2,4-dichlorophenol

10

2,4-dichlorophenoxyacetic acid

16

2,4-dimethylphenol

10

2,4-dinitrophenol

10

2,4-dinitrotoluene

3

2,6-dintrotoluene

3

2-chloroethyl vinyl ether

3

2-chloronaphthalene

3

2-chlorophenol

10

2-methyl-4,6-dinitrophenol

10

2-nitrophenol

10

3,3'-dichlorobenzidine

3

4,4-ddd

30

4,4-dde

29

4

30

4,4-ddt

30

4

29

4-bromophenyl phenyl ether

3

4-chloro-3-methylphenol

10

4-Chlorophenyl phenyl ether

3
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Appendix M. Number of Analyses for Sediment Elutriates
Number of Analyses
Contaminant

MET

4-nitrophenol

10

Acenaphthene

10

DIWET

WET

Acenaphthylene

10

Aldrin

31

4

30

Alpha hexachlorocyclohaexane

30

4

30

Alpha-chlordane

4

4
34

26

Aluminum

3

Ametryn

16

Anthracene

10

Antimony

30

132

25

Aroclor 1016

30

4

30

Aroclor 1221

30

4

30

Aroclor 1232

30

4

30

Aroclor 1242

30

4

30

Aroclor 1248

30

4

30

Aroclor 1254

30

4

30

Aroclor 1260

30

4

30

Arsenic

61

282

201

Atrazine

16

Atrazon

16
155

40

Azinphos methyl

16

Barium

19

Benzene

3

Benzidine

3

Benzo(a) anthracene

10

Benzo(a) pyrene

10

Benzo(b) fluoranthene

10

Benzo(g,h,i) perylene

10

Benzo(k) fluoranthene

10

Benzyl butylphthalate

3

Beryllium

10

85

58

Beta hexachlorocyclohexane

30

4

30

Bis (2-Chloroethoxy) methane

3

Bis (2-chloroethyl) ether

3

Bis (2-chloroisopropyl) ether

3

Bis (2-ethylhexyl) phthalate

3
25

25

217

195

Bromine
Bromodichloromethane

3

Bromoform

3

Bromomethane

3

Cadmium

54
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Appendix M. Number of Analyses for Sediment Elutriates
Number of Analyses
Contaminant

MET

Calcium

DIWET

WET

1

Carbaryl

16

Carbon tetrachloride

3

Chlordane

26

Chlorine
Chlorobenzene

3

Chloroethane

3

Chloroform

3

Chloromethane

3

30
25

25

208

195

Chromium

40

Chrysene

10

Cis-1,3-dichloropropene

3

Cobalt

1

55

32

Copper

63

282

202

Cyclohexane

3

Delta hexachlorocyclohexane

30

4

30

Demeton-O

16

Demeton-S

16

Diazinon

16

Dibenzo(a,h) anthracene

10

Dibromochloromethane

3

Dibutyltin

7

Dicamba

16

Dieldrin

30

Diethylphthalate

3

Dimethylphthalate

3

Di-n-Butylphthalate

3

5
4

30

Di-n-octylphthalate

3

Disulfoton

16

Diuron

16

Endosulfan I

30

4

29

Endosulfan II

30

4

30

Endosulfan sulfate

30

4

30

Endrin

30

4

30

Endrin aldehyde

30

4

25

Endrin ketone

5

Ethyl parathion

16

Ethylbenzene

3

Fluometuron

16

Fluoranthene

10

Fluorene

10
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Number of Analyses
Contaminant

MET

Fluoride

DIWET

WET

3

Gamma-chlordane

4

4

Heptachlor

30

4

30

Heptachlor epoxide

30

4

30

Hexachlorobenzene

3

Hexachlorobutadiene

3

Hexachlorocyclopentadiene

3

Hexachloroethane

3

Hexavalent chromium

8

Indeno(1,2,3-cd) pyrene

10

Iron

11
38

25

Isophorone

3

Lead

64

282

200

Lindane

30

4

30

Linuron

16
32

25

Lithium
Magnesium

1

Malathion

16

Manganese
Mercury

61

Methomyl

16

Methoxychlor

7

Methyl parathion

16

Methylene chloride

3

Molybdenum
Monobutyltin

7

Naphthalene

10

Nickel

51

Nitrobenzene

3

N-nitrosodimethylamine

3

N-nitrosodi-n-propylamine

3

N-nitrosodiphenylamine

3

Oil and grease

7

Oxamyl

16

Pentachlorophenol

10

Phenanthrene

10

Phenol

10

Prometon

16

Prometryn

16

Propachlor

16

Propazine

16
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Appendix M. Number of Analyses for Sediment Elutriates
Number of Analyses
Contaminant

MET

Propoxur

16

Pyrene

10

DIWET

WET

Secbumeton

16

Selenium

48

218

193

Silver

51

215

193

Simatryne

16

Simazine

15

Sodium

6

Strontium

32

25

211

89

4

30

4

5

56

34

279

201

Terbuthylazine

16

Terbutryn

16

Tetrachloroethane

3

Thallium

30

Toluene

3

Total dioxins

3

Toxaphene

30

Trans-1,2-dichloroethene

3

Trans-1,3-dichloropropene

3

Tributyltin

16

Trichloroethene

3

Trichlorofluoromethane

3

Vanadium
Vinyl acetate

3

Vinyl chloride

3

Xylene

3

Zinc

64

__________
Notes:
DIWET = Deionized water waste extraction test.
MET = Modified elutriate test.
WET = Waste extraction test.
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Appendix A. Notice of Preparation: Environmental Impact Report for General Order
Waste Discharge Requirements for Small-Scale Dredging Projects
in the Sacramento-San Joaquin Delta

Appendix N
A Process for Setting, Managing, and Monitoring
Environmental Windows for Dredging Projects
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