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EXECUTIVE SUMMARY

There are numerous approaches for integrating phellines of evidence (MLOE) data

in a sediment quality triad assessment, but mbgtatdeast partially on best professional
judgment, which can be problematic in applicatiotarge data sets or in a regulatory
setting where the assessment protocol needs tafsparent and consistently
reproducible. Here we present an approach fodstalizing triad-based assessments and
evaluate the extent to which it captures and rapres the assessments of experts
employing BPJ on the same data. The frameworksgd on integrating answers to two
guestions: 1) Is there biological degradation atdite, and 2) Is chemical exposure at the
site high enough to potentially result in a biot@diresponse? The efficacy of the
framework was assessed by applying it to data 26mites and comparing the site
classifications to that of six experts that werevpated the same data. The framework
produced an answer that better matched the meldiasifeication of the experts than did
five of the six experts. Moreover, there wasdittias in response, as the errors were
relatively evenly divided between sites classiisdmore impacted or less impacted than
the median expert classification. The framework a0 applied and found to
distinguish well sites from known degraded andnegiee areas within California. While
the framework suggested here is not the only ossiple and should be supplemented
with BPJ when additional data beyond that inclutheithe framework are available, the
framework provides a validated means for usinggaal tnrased approach in large-scale
assessments, such as those for 305b programsubaitaey decisions, where
transparency in the decision process is critical.
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INTRODUCTION

Sediment quality is frequently assessed usingad tf chemical concentration, sediment
toxicity, and benthic infaunal community conditifrong and Chapman 1985). These
are used in combination because sediments are pleomatrix and chemical
concentration data alone fails to differentiaten®sin the fraction that is tightly bound to
sediment and that which is biologically availableoxicity tests improve on chemical
measurements because they integrate the effeatslople contaminants, but toxicity
tests are typically conducted under laboratory @@ using species that may not occur
naturally at the test site, making it difficultitderpret ecological significance of the
results when used alone. Benthic community comdis a good indicator because these
are resources at risk from sediment contaminabiohtheir use alone is problematic
because they are potentially affected by otheofacsuch as physical disturbance or
hypoxia.

Multiple approaches for integrating these multiples of evidence (MLOE) data have
been developed (Chapmanal.2002). These integration approaches mostly nelgt o
similar suite of indicators for each LOE, but diffe how the LOEs are combined into a
single assessment. Some are based on combinafibimsary responses for each LOE,
while others use a more complex statistical sumratidn. Additionally, some
approaches weight the three LOEs equally, whilemstiplace differing weight among
them. Even within an integration framework, thi@dls need to be determined for each
LOE. Consensus thresholds for these LOEs don’eyist and these threshold decisions
are particularly important when the integratioth@sed on a binary decision for each
LOE.

As a result, most triad applications rely on soregrde of best professional judgment
(BPJ) (Burtoret al. 2002, Chapman and Anderson 2005). Despite timg mhacisions
inherent in integration of LOES, BPJ has been faenoe reasonably repeatable for
interpretation of triad data (Bat al.in press). Thus, BPJ can be an acceptable méans o
integration for site-specific assessments, bt itat easily applicable to large-scale
assessments where many sites are involved. [gkogpaoblematic in a regulatory setting,
where the assessment protocol needs to be transpaue consistently reproducible over
time and space (Forbes and Calow 2004). The St&talifornia is developing a
framework for standardizing such triad-based assests as part of establishing
sediment quality objectives. Here we describe fitsamework and evaluate the extent to
which it captures and reproduces the assessmeaipefts employing BPJ on the same
data.
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METHODS

Integration Framework

The framework for integrating the three lines oidewnce (LOE) to create a station
assessment involves a three-step process (Figureirs), the response for each LOE is
assigned into one of four response categorieso Hjfference from background
conditions, 2) a small response that might nottagssically distinguishable from
background conditions, 3) a response that is glestinguishable from background, and
4) a large response indicative of extreme condstion

Second, the individual LOEs are combined to addm@ekey elements of a risk
assessment paradigm: 1) Is there biological degjoadat the site and 2) Is chemical
exposure at the site high enough to potentiallyltes a biological response? To answer
the first question, the benthos and toxicity LOE imtegrated to assess the severity of
effect (Table 1). Benthos is given greater weighhis assessment, as it is the ultimate
endpoint of interest (Chapman 2007). The secordtoqun arises because the biological
response may be attributable to factors other th@mical contaminants. The potential
that effects are chemically mediated is assessad tie sediment chemistry and toxicity
LOE (Table 2). Chemistry is the more direct meagshut toxicity is given equal weight
because of the potential that unmeasured chendoalgresent and because of
uncertainties in thresholds used to interpret chehdata (Ingersokt al 2005).

The final data integration step combines the sgvefieffect and potential for
chemically-mediated effects to assign a site imte of six impact categories:

Unimpacted. Confident that sediment contamination is not gapsignificant
adverse impacts to aquatic life living in the seglirinat the site.

Likely unimpacted. Sediment contamination at the site is not exqubtd cause
adverse impacts to aquatic life, but some disages¢mong the LOE reduces
certainty in classifying the site as unimpacted.

Possibly impacted. Sediment contamination at the site may be causilvgrse
impacts to aquatic life, but these impacts areseiimall or uncertain because of
disagreement among LOE.

Likely impacted. Evidence for a contaminant-related impact to &quiée at the
site is persuasive, even if there is some disageaeamong LOE.

Clearly impacted. Sediment contamination at the site is causingr@ed severe
adverse impacts to aquatic life.

Inconclusive. Disagreement among the LOE suggests that eltleeddta are
suspect or that additional information is needddigea classification can be
made.

The decision process for determining the stati@essment category is based on a
foundation that there must be some evidence obgichl effect in order to classify a
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station as impacted (Table 3). Additionally, therest be some evidence of elevated
chemical exposure in order to classify a stationresnically-impacted.

Application of the framework

Application of the framework requires measuringisesht chemistry, toxicity, and
benthic community condition at each site usingddadized methods. The response of
each measurement is compared to thresholds toareteg@ach of the individual LOEs
into one of the four possible response categories.

Chemistry

A combination of two sediment chemistry indices waed to determine the magnitude
of chemical exposure at each site: the CA LRM (Bigl. 2007) and the CSI (Rittext

al. 2007). The CA LRM was developed using the logistigression modeling approach
that estimates the probability of toxicity basedlo@ chemical concentration (Fiedtial
2002, USEPA 2005). The CSI uses the chemistrytdgteedict the occurrence and
severity of benthic community disturbance. Indprefic thresholds were applied to
each index to classify the result into one of fouemical exposure categories. The
resulting exposure categories were then combingdawide an overall chemistry LOE
category.

Toxicity

The 10-day amphipod survival test uslghaustorius estuariusas used to determine
the magnitude of sediment toxicity at each siteEBA& 1994). Thresholds based on
percentage survival and statistical significanceevapplied to classify the test result into
one of four toxicity categories (Bat al. 2007Db).

Benthos

A combination of four benthic community conditiardices was used to determine the
magnitude of disturbance to the benthos at eael{Ranasinghet al.2007). The
indices include approaches based on community eseand abundance of individual
species. The benthic indices are:

Benthic Response IndeXBRI), which was originally developed for the Soern
California mainland shelf and extended into Cahfats bays and estuaries
(Smithet al.2001, Smitret al.2003). The BRI is the abundance-weighted
average pollution tolerance score of organisms micguin a sample.

Index of Benthic Biotic Integrity (IBI), which was developed for freshwater
streams and adapted for California’s bays and gesufrhompson and Lowe
2004). The IBI identifies community measures theate values outside a
reference range.

Relative Benthic Index(RBI), which was originally developed for Califoars
Bay Protection and Toxic Cleanup Program (Heiral.2001). The RBI is the
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weighted sum of: (a) several community metricktifle abundances of three
positive indicator species, and (c) the presendeofnegative indicator species.

River Invertebrate Prediction and Classification Sytem (RIVPACS), which
was originally developed for British freshwaterestms (Wrighet al. 1993, Van
Sickle et al.2006) and adapted for California’s bays and essarThe

RIVPACS index calculates the number of referenga taesent in the test sample
and compares it to the number expected to be grasameference sample from
the same habitat.

Thresholds specific to regional assemblages wepkeajto the results in order to
classify each benthic index result into one of fdisturbance categories. The resulting
disturbance categories were then combined to pecandoverall benthos LOE category.

The response category results for each LOE werm tosgetermine the assessment
category for each station, based on the relatipssstiown in Tables 1-3. The station
category corresponding to each of the 64 possitntgbmations of the LOE results is
shown in Table 4.

Evaluation of the framework

The efficacy of the framework was assessed in tagsw The first was by applying it to
data from 25 sites and comparing the site clasgiios to that of six experts that were
provided the same data. The experts were selextegresent a diverse range of sectors
(industry, academia, government), with each hawirigast 15 years of experience in
conducting sediment quality assessments and agwisitional, state, and local agencies
with regards to sediment management and remedidéoisions (Bat al. in press).

The experts were asked to classify the sites intoaj the six categories of absolute
condition described above.

The 25 sites were selected from a California da@lgy rank ordering them according to
overall chemical concentrations based on the miaate range median quotient
(ERMq; Longet al 2006) and then randomly selecting from quartiteugs, so that a
range of exposure conditions were represented.nfiia@ne of the sites were located in
euryhaline coastal bays in southern Californiafe@ssvere located in polyhaline areas of
the San Francisco Bay.

The data provided to the experts included deptitgmt sediment fines, percent total
organic carbon, chemical concentrations, toxiatyd benthic infaunal condition. The
chemical concentration data were for 11 metalgdgcyclic aromatic hydrocarbons
(PAHS), chlorinated pesticides (DDTs and chlordgreesd total PCBs (sum of
congeners). The toxicity data were from a ten{8algaustorius estuariusortality test
conducted according to standard methods (USEPA)19dcause not all of the MLOE
experts had familiarity with California benthosnli@c infauna data were provided as a
four-category condition assessment developed bgermus of benthic experts (Weisberg
et al in press); the benthic species abundance da@alsy made available on request.
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Agreement between the experts and the frameworlgwastified in two ways. First, the
number of impact categories for which the framewsoslite assessment differed from the
median categorical assessment of the experts Wadatad for each site and then
summed across sites to indicate the overall ratksalgreement. Second, the bias of the
framework was quantified as the net of positive aedative differences from the median
expert, calculated by incorporating a sign intoghen of the category differences from
the median. For perspective, the framework agreénesults were compared to the
agreement of each of the individual experts withrtiedian of the other experts.

The second evaluation approach involved applyiegriiimework to geographic regions
that have previously been designated as toxic btadyy the State of California and
comparing that with results when applying the frauoek to reference areas. The hotspot
regions were identified by the State’s Bay Protatand Toxic Cleanup Program
(BPTCP) as the worst in the state based on a Biedsment of sediment chemistry,
toxicity and benthic community condition (Andersetral. 2001, Faireet al 1998,
Phillipset al. 1998). The reference sites were selected fraasathat were distant from
known sources of contamination (e.g., outer portibambayments) and for which
previous surveys had consistently shown low toxiiefined as >80 % amphipod
survival) and low chemistry (defined as a mean Edidtient <0.5). The data sets used
for evaluating the framework were independent efdhta sets used to identify either the
hot spot or reference areas.
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RESULTS

The framework evaluation results for the 25 statiproduced an answer that differed
from that of the median expert for only 5 of thenpées (Table 5). There was only one
sample where the framework and median expert asgess differed by more than a
single category. This compares favorably with agrent among the experts (Table 6).
Only one of the six experts had a lesser numbédisaigreements with the median than
did the framework, although a second expert haohaparable error rate. The remaining
experts disagreed with the median at approximaidgle the error rate of the framework.

The framework also had little bias, with threelt# samples rated as less impacted
compared to the expert median and two more impaciéeé overall net bias, which
incorporated both the number and sign of the cajedjiferences, was —2. Only two of
the experts had a lesser bias, while three ofxperés had 5x greater bias and more than
80% of these errors in a single direction.

The framework also did a good job of differentigtihe BPTCP hot spots from reference
areas. Almost 90% of the samples from predictézteace areas were classified as
Unimpacted or Likely Unimpacted and none of thesa@es were classified as Clearly
Impacted (Figure 2). In contrast, more than 80f% e samples from predicted hot spot
areas were classified into one of the impactedyoates, with more than 50 % of the
samples classified as Likely or Clearly Impacted.
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DISCUSSION

There are potential shortcomings of a formulaicrapph to data integration, as there will
occasionally be additional information about a it would be factored in by experts
but which are not included in a more structureegsssient. However, the formulaic
approach also offers some advantages. It is temasp so that all parties will reach the
same conclusion using the same data. Moreowvsrniit prone to the individual biases
associated with use of BPJ. Such biases, or the foe employing a large team of
experts to average out individual biases, woulgroblematic for large-scale
assessments.

The selected framework employs unequal weightingragr OEs, which differs from
that of the earliest triad integration framewor&hépman 1990). We also attempted a
framework based on equal weighting and found itrsitiperform as well in reproducing
results from the experts. Subsequent discussitdhghe experts revealed that few of
them placed equal weighting in their assessmévitsst of them placed greatest
emphasis on the benthos because it is the ultieratpoint of interest and weighted
chemistry the least because of potential exposare tinmeasured chemicals. The two-
phased assessment approach and its inherent wejglati the different LOEs effectively
mimicked the expert’s thought process.

The framework ranks each LOE on a four-categoriesaacontrast to the binary
framework that was prevalent in the initial trisadiegration approaches (Long and
Chapman 1985). A multi-category scale improvesnupe binary approach because it
lessens the all-or-none nature of thresholds tteaéstablished, and often measured, with
great uncertainty (Batlest al. 2002). The use of five categories for such apghas is
prevalent in Europe, but ultimately the numberategories becomes a tradeoff between
placing great importance on a small number of tholes and having more thresholds
than there are philosophical bases on which tdbksitethem. We chose four categories
because we could identify a unifying concept foegiold selection across LOEs. The
first threshold is one at which differences fronchkground initially become apparent.
The second threshold is where the differences besuhstantial enough that they can be
detected with statistical certainty. The last shid is one where the difference from
background is severe. The last threshold is th&t subjective and establishing
additional thresholds beyond that seemed increbsantificial.

Our application of the framework involved using tiple indices to summarize the
complex benthic infauna and chemical data. Theémork is not dependent on use of
multiple indicators within an LOE, but it provedIptil in reducing variability associated
with individual indices and eliminated some incatsncies with the experts that would
have resulted from extreme values associated wathgde index. We did not use a
multiple indicator approach for the toxicity LOEdaeise the data sets contained only a
single toxicity test. However that integrating tple toxicity tests is also advisable in
order to reduce uncertainty in the evaluation o line of evidence (Burtoat al. 1996).
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The framework is structured to yield six categonépossible answer. This differs from
Chapman'’s original integration framework, whichyaded a separate interpretation for
each combination of LOEs. There is an advantadgraving a large array of answers that
incorporate a causality explanation, but the catiegaised here were selected in
consultation with managers from the regulatoryutaged and public advocacy sectors.
Their input was that information should be redut®d linear scale that ranks sites, at
least categorically, from best to worst. Lineatimais scientifically challenging because
it confounds several factors: confidence that tiesn effect, magnitude of the effect,
and likelihood that the effect is chemically-medtht The two-phased assessment
approach provides the management community withirlkear response they needed for
large scale assessments while retaining the sieemtiderpinnings for interpreting data
from an individual site.

The framework suggested here is not the only ossiple. There have been numerous
other suggested MLOE integration approaches, imatuthose based on multivariate,
statistical summarization, logic models and scogystems (Burtoet al. 2002,

Chapmaret al. 2002). It is also clear that when other dataafsite are available, such as
toxicity identification evaluations or bioaccumudat testing, they should be incorporated
into the assessment process (Chapman and Hollés) 2GHowever, California’s
proposed framework was shown to reproduce the sreseds of experts provided with
the same data and provides a means for usingdaldaised approach in large-scale
assessments, such as 305b programs, or in a regyutaintext where transparency in the
decision process is critical.
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Table 1. Severity of effect classifications, deriv.  ed from the benthos and toxicity LOEs.

Toxicity LOE Category
High
. - Moderate o
Nontoxic Low toxicity Toxicity Toxicity
Low
Reference Unaffected Unaffected Unaffected
Effect*
Low Unaffected Low Effect Low Effect Low
Disturbance Effect
Benthos
LOE
Category Moderate Moderate Moderate Moderate Moderate
Disturbance Effect Effect Effect Effect
High Moderate High High High
Disturbance Effect* Effect Effect Effect

* Extreme disagreement between LOE is present that may indicate atypical conditions or suspect
data. Review of additional information about the site before making an assessment is
recommended.

Table 2. Potential that effects are chemically med iated classifications, derived from
chemistry and toxicity LOE.

Toxicity LOE Category
. . Moderate . -
Nontoxic Low Toxicity Toxicity High Toxicity
Minimal Minimal Minimal Low Potential Moderate
exposure Potential Potential Potential*
LoW exposure Minimal Low Moderate Moderate
Chemistry P Potential Potential Potential Potential
LOE
Category Moderate . Moderate Moderate Moderate
Low Potential ! : .
exposure Potential Potential Potential
: Moderate Moderate . : High
High exposure Potential* Potential High Potential Potential

* Extreme disagreement between LOE is presentiagtindicate atypical conditions or
suspect data. Review of additional informationwtibe site before making an
assessment is recommended.
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Table 3. Multiple lines of evidence station classi
classifications described in Tables 1 and 2.

fications, derived from intermediate

Severity of Effect

Unaffected Low Effect | Moderate Effect | High Effect
Minimal . Likely Likely :
potential Unimpacted Unimpacted Unimpacted Inconclusive
Potential : . Likely Possibly Possibly
That Effects Low Potential Unimpacted Unimpacted Impacted Impacted
Are Possibl
Chemically- Moderate Likely Im c;jlscst:edyor Likely Impacted Likely
Mediated Potential Unimpacted | | P L yimp Impacted
nconclusive
. . . Likely Clearly Clearly
High Potential Inconclusive Impacted Impacted Impacted

" Inconclusive category applies when chemistry = maliexposure, benthos = reference, and toxicity=
high. Other LOE combinations represented by thikare classified as Possibly Impacted.

10
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Table 4. Relationship of individual LOE categories to chemical exposure, biological effects, and fina | MLOE station assessment
categories. Arrows indicate the sequence of classi fication.

Chemically
Toxicity | Chemistry Mediated Effects Station Assessment Biological Effects Benthos Toxicity

11
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Table 4. Continued

Chemically
Mediated Effects Station Assessment Benthos
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted
Possibly Impacted

Possibly Impacted

Toxicity | Chemistry Biological Effects Toxicity

12
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Table 4. Continued

Chemically

Toxicity | Chemistry Mediated Effects Station Assessment Biological Effects Benthos Toxicity

Inconclusive
Inconclusive

Inconclusive

13
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Table 5. Individual station results for expert and MLOE framework assessments.

Station Expert Median MLOE Framework

1 Unimpacted Unimpacted

2 Possibly Impacted Possibly Impacted
3 Likely Unimpacted Possibly Impacted
4 Likely Unimpacted Unimpacted

5 Likely Impacted Likely Impacted

6 Unimpacted Unimpacted

7 Likely Unimpacted Likely Unimpacted
8 Likely Impacted Likely Impacted

9 Possibly Impacted Possibly Impacted
10 Likely Impacted Likely Impacted
11 Clearly Impacted Clearly Impacted
12 Possibly Impacted Likely Unimpacted
13 Possibly Impacted Possibly Impacted
14 Likely Impacted Clearly Impacted
15 Likely Impacted Likely Impacted
16 Possibly Impacted Unimpacted

17 Possibly Impacted Possibly Impacted
18 Unimpacted Unimpacted

19 Clearly Impacted Clearly Impacted
20 Clearly Impacted Clearly Impacted
21 Clearly Impacted Clearly Impacted
22 Clearly Impacted Clearly Impacted
23 Unimpacted Unimpacted

24 Unimpacted Unimpacted

25 Unimpacted Unimpacted

14
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Table 6. Summary of categorical assessments for ex  perts and MLOE framework.
Differences in the number of sites are due to the e xclusion of sites classified as
inconclusive. Disagreement values for experts repr esent the total number of category
differences between the expert’'s assessment and the median of all other experts’
assessments. Framework disagreement is the number of category differences between
the framework and median of all experts. Bias valu es reflect the net of positive or negative
assessment differences, with positive numbers indic ating a bias toward rating the site as
more impacted.

Expertl Expert2 Expert3 Expert4 Expert5 Expert6 Framework

# Sites 25 22 25 19 25 22 25
Disagreement 7 16 13 10 15 5 6
Bias 1 -12 11 4 -15 -1 -2

15
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Level of Potential for
Biological Chemically
Effect Mediated Effect

N/

Site Condition

Figure 1. Conceptual model for the integration of multiple lines of evidence (MLOE) in the
assessment framework.

16



Draft Report for Review Purposes Only

100 1 Stations Predicted as Unimpacted
80
7]
(]
S
€ 60~
©
[72)
©
c
G 40 -
2
]
o
20
O T T T T T
3 3 3 3 3
e 5€ 3 e 3
o @ e e e
\;\‘(3\ o s© Ve \eo
60 Stations Predicted as Impacted
50
3
- 40 +
£
©
)
% 30 -
=
(]
[8)
5 20 -
o
10 -
o T T T T T
3 3 3 3 3
i e e e e
e e e ed®
\;\\(\e\‘l S0 e \e?

Figure 2. Distribution of MLOE assessment categori
either unimpacted or impacted embayment locations.
n=39 for the impacted samples.

17

es for California stations located in
n=38 for the unimpacted samples;



Draft Report for Review Purposes Only

LITERATURE CITED

Anderson, B.S., J.W. Hunt, B.M. Phillips, R. Fair€/A. Roberts, J.M. Oakden, H.M.
Puckett, M. Stephenson, R.S. Tjeerdema, E.R. LGnY,Wilson and J.M. Lyons. 2001.
Sediment quality in Los Angeles Harbor, USA: A drassessmen&nvironmental
Toxicology and Chemistr30:359-370.

Batley, G.E., G.A. Burton and P.M. Chapman. 2002certainties in sediment quality
weight of evidence (WOE) assessments. Human aalb@ical Risk Assessment
8:1517-1548.

Bay S.M., K.J. Ritter, D.E. Vidal-Dorsch, L.J. Flel2007a. Comparison of national and
regional sediment quality guidelines for predictsggliment toxicity in California.
Southern California Coastal Water Research Proj€osta Mesa, CA.

Bay S, Greenstein D, Young D. 2007b. Evaluatiomethods for measuring sediment
toxicity in California bays and estuaries. TeclahiReport 503. Southern California
Coastal Water Research Project, Costa Mesa, CA.

Bay, S., W. Berry, P. Chapman, R. Fairey, T. GiieR. Long, D. McDonald and S.B.
Weisberg. In press. Evaluating consistency of pesfessional judgment in the
application of a multiple lines of evidence seditnguality triad. Integrated
Environmental Assessment and Management.

Burton Jr. G.A., C.G. Ingersoll, L.C. Burnett, Mehty, M.L. Hinman, S.J. Klaine, P.F.
Landrum, P. Ross and M. Tuchman. 1996. A compars sediment toxicity test
methods at three Great Lake areas of concéf@reat Lake Re82:495-511.

Burton Jr, G.A., P.M. Chapman and E.P. Smith. 208&ight of evidence approaches
for assessing ecosystem impairmeadtiman and Ecological Risk Assessnt&a657-73.

Chapman, P.M. 1990. The sediment quality triad@ggh to determining pollution
induced degradation. Science of the Total Envirenin®7:815-825.

Chapman, P.M. 2007. Do not disregard the benthesdiment quality assessment!
Marine Pollution Bulletin54:633-635.

Chapman P.M. and J. Anderson. 2005. A decisiokimgadramework for sediment
contamination.Integrated Environmental Assessment and Managein&68-173.

Chapman, P.M. and H. Hollert. 2006. Should tliérsent quality triad become a tetrad,
a pentad or possibly even a hexattiurnal of Soil and Sedimeris 4-8.

Chapman P.M., B.G. McDonald and G.S. Lawrence.2200eight-of-evidence issues

and frameworks for sediment quality (and otherkassientsHuman and Ecological
Risk Assessmef@it1489-515.

18



Draft Report for Review Purposes Only

Fairey, R., C. Roberts, M. Jacobi, S. LamerdinCRrk, J. Downing, E. Long, J. Hunt,
B. Anderson, J. Newman, R. Tjeerdema, M. StepheasdrC. Wilson. 1998.
Assessment of sediment toxicity and chemical comagans in the San Diego Bay
region, California, USA.Environmental Toxicology and Chemisfry:1570-1581.

Field L.J., D.D. MacDonald, S.B. Norton, C.G. Ing@t, C.G. Severn, D. Smorong and
R. Lindskoog. 2002. Predicting amphipod toxi¢itym sediments using Logistic
Regression ModelsEnviron Toxicol Cher:1993-2005.

Forbes V.E. and P. Calow. 2004. Systematic agproaweight of evidence in sediment
guality assessment: Challenges and opportunifiegiatic Ecosystem Health and
Managemen?:339-350.

Hunt, J.W., B.S. Anderson, B.M. Phillips, R.S. Tpmma, K.M. Taberski, C.J. Wilson,
H.M. Puckett, M. Stephenson, R. Fairey and J.M.deak2001. A large-scale
categorization of sites in San Francisco Bay, Usa#sed on the sediment quality triad,
toxicity identification evaluations, and gradietudies.Environmental Toxicology and
Chemistry20:1252-1265.

Ingersoll C.G., S.M. Bay, J.L. Crane, L.J. Field{{TGries, J.L. Hyland, E.R. Long, D.D.
MacDonald, and T.P. O’Connor. 2005. Ability of S®to estimate effects of sediment-
associated contaminants in laboratory toxicityst@stin benthic community assessments.
Pp. 497-556 in: R.J. Wenning, G.E. Batley, C.Gehsgll and D.W. Moore (eds.) Use of
sediment quality guidelines (SQGs) and relatedstémi the assessment of contaminated
sediments. Society of Environmental Toxicology &femistry, Pensacola, FL.

Long E.R. and P.M. Chapman. 1985. A sediment tyumiad - measures of sediment
contamination, toxicity and infaunal community camsftion in Puget Soundvarine
Pollution Bulletin16:405-415.

Long E.R., C.G. Ingersoll and D.D. MacDonald. 20@alculation and uses of mean
sediment quality guideline quotients: A criticaViev. Environmental Science and
Technology40:1726-1736.

Phillips, B.M., B.S. Anderson, J.W. Hunt, J. NewmRrS. Tjeerdema, C.J. Wilson, E.R.
Long, M. Stephenson, H.M. Puckett, R. Fairey, Jdkden, S. Dawson and H. Smythe.
1998. Sediment chemistry, toxicity and benthic oamity conditions in selected water
bodies of the Santa Ana region. California StasgéfVResources Control Board.
Sacramento, CA.

Ranasinghe, J.A., S.B. Weisberg, R.W. Smith, D.Bntdgne, B. Thompson, J.M.
Oakden, D.D. Huff, D.B. Cadien and R.G. Velard®02 Evaluation of five indicators
of benthic community condition in two Californiaypand estuary habitats. Technical
Report 524. Southern California Coastal Water Rebefaroject, Costa Mesa, CA.

19



Draft Report for Review Purposes Only

Ritter, K.J., S.M. Bay, R.W. Smith, D.E. Vidal-Dalsand L.J. Field. 2007
Development and evaluation of sediment quality glings based on benthic macrofauna
responses. Southern California Coastal water Refs€aoject. Costa Mesa.

Smith, R.W., M. Bergen, S.B. Weisberg, D.B. CadienDalkey, D.E. Montagne, J.K.
Stull and R.G. Velarde. 2001. Benthic responsexrideassessing infaunal communities
on the southern California mainland sheicological Applicationd1:1073-1087.

Smith, R.W., J.A. Ranasinghe, S.B. Weisberg, D.Bntdgne, D.B. Cadien, T.K. Mikel,
R.G. Velarde and A. Dalkey. 2003. Extending tbet8ern California Benthic
Response Index to Assess Benthic Condition in Baysthnical Report 410. Southern
California Coastal Water Research Program. West@inCA.

Thompson, B. and S. Lowe. 2004. Assessment ofaghanthos response to sediment
contamination in the San Francisco Estuary, CalilgrUSA. Environmental Toxicology
and Chemistry23:2178-2187.

[USEPA] U.S. Environmental Protection Agency. 19%ethods for assessing the
toxicity of sediment-associated contaminants wituarine and marine amphipods.
Washington DC: Office of Research and DevelopmeR#A 600-R94-025.

[USEPA] U.S. Environmental Protection Agency. 20@&edicting Toxicity to
Amphipods from Sediment Chemistry (Final Repojashington, DC, ORD National
Center for Environmental Assessment. EPA/600/R3d/

Van Sickle, J., D.D. Huff and C.P. Hawkins. 20(&electing discriminant function
models for predicting the expected richness of aquaacroinvertebrates-reshwater
Biol. 51:359-372.

Weisberg S.B., B.E. Thompson, J.A. Ranasinghe, Mdhtagne and D.B. Cadien. In
Press. The level of agreement among experts aqgphast professional judgment to
assess the condition of benthic infaunal commumittecological Indicators.

Wright, J.F., M.T. Furse and P.D. Armitage. 1983VPACS: a technique for

evaluating the biological water quality of riversthe UK. European Water Pollution
Control 3:15-25.

20



