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Executive summary

The goal of this project is to developreethodology for derivation of pesticide sediment
quality criteria (SQC) for the protection of aquatic life in the Sacramento and San Joaquin River
basinsof California The project will be accomplished in three phases. Phase | was an extensive
review, comprison and evaluation of existing sediment criteria derivation methodologies used
worldwide (Fojutet al 2011). This is a report of the results of Phase II, which is the
development of a new sediment criteria derivation methodology, based on the fofdimgs
Phase | review. The new methodology, termed the University of California Davis Sediment
Methodlogy (UCDSM), incorporates the latest available reseanchampolar organic
contaminant bioavailability, aquatic ecotoxicology and environmental riglss®®ent. As part of
Phase Il, the UCDSM was used to derive sediment criteria for bifenthrin, esi@cicludedin
this report as an illustration of the method. Phase Il will Hertherapply theUCDSM by
deriving criteria for additional pesticides obncern in the Sacramento and San Joaquin River
basins that are the cause of listings ur@smtion 303(d) of the Clean Water Act (CRWQCB
CVR 2010).

The goal of this methodology is tonsidetbioavailability in both deriving SQC and
determining complianct® the greatest extent possible. It is imperative to incorporate
bioavailability into the derivation of SQC to produce criteria that can be used across sediments
which we have termekioavailable sediment quality criteria (BSQ®8)oavailable
concentrations may be measured or estimated in several Aapgptablecurrent methods
include 1)normalizing the measured sediment concentration to the organic carbon content, and
2) normalizing the measured whole interstitial water conagatr to the dissolved organic
carbon content, 3stimating the freely dissolved concentration in interstitial water via-solid
phase microextraction or other ndapleting equilibriurrbased techniqueand 4 estimating
t he fAbi oacces s iallénax® extraction e other depletion techviques. BSQC
can be expressed as both sediment and aqueous interstitial water concentrations. It is possible to
calculate the aqueous interstitial water concentration from the sediment concentration and vice
versa using a partitioning coefficient.

The UCDSM is based on the University of California Davis methoddlo@DM) for
deriving waterquality criteria (TenBrooket al 2010), in that both an acute and chrddB®QC
are derived using either an assessmenbfgdéF; less than 5 taxa) approach or a species
sensitivity distribution (SSD; more than 5 taxa), depending on the number of taxa represented in
the acute and chronic SSTT da#ds. TheesticidespecificAFs derived in the UCDMre
recalculatedor the UICDSMto includenewly availabledatg including for pyrethroid
insecticides, and to be more relevant to benthic organisms by requiring benthic crustacean data
instead of a Daphnid for criteria calculation via Alke default acutego-chronicratio (ACR)
derived in the UCDMis also updated with pyrethroid data and recalculated for inclusion in the
UCDSM. Guidance on the collection, evaluatiandprioritization of physicochemicahnd



ecotoxicity datas adapted from the UCDM (TenBroekal 2010), as mangrocedures are
applicable to both water column and sedindata The derivedSQC are compared to

exposure effects data for sensitive species, ecosystaemhshreatened and endangered species to
determine if the derivedriteriaare protectivdbased onlaavailable dataBoth the UCDSM and

the UCDM (TenBroolet al 2010) provide guidance to assess the bioaccumulatipesticides

that may affect terrestrial wildlife or humarss in the UCDM, the UCDSM also provides
guidance to determine if water qugl{e.g.,pH, temperature) and mixture effects on toxicity can
be incorporated into criteria compliance.

For compliance monitoringdpioavailability should also be accounted for by measuring or
estimating concentrations using one of the techniques reconsthabdve for use in toxicity
tests.Total sediment or totahterstitial waterconcentrations are npteferred fo compliance
monitoring for nofonic hydrophobic compounds (Id§ow> 3) because sorption total or
dissolvedorganic carbon W likely confound results. At this time, there are very fgmked
sediment toxicity studiegnd even fewehatreportfreely dissolved concentratism interstitial
wateror use it to calculate an effect level. Until such datsavailable, the use @SDs will be
limited for sedimentriteria derivation

As an illustration of the UCDSM, the method is used to deatugte and chroniBSQC
for bifenthrin, a pyrethroid insecticidAcceptable acut®xicity values were available féwo
of the fivetaxarequirementstHyalella aztecaandChironomus dilutusThe available acute SSTT
data were all reported as @©rmalized sediment concentrations, and as such an acute BSQC of
27 ng/g OC was derived using an assessment faB&mause o chronic data weriglertified, the
default ACR was used to derive the chronic BSQ6 d/g OC.None of the availabloxicity
values were lower than the derived acute and chronic BSQC, but it should be noted that no
relevant or reliable chronic SSTT data were identified ftarivhrin. In accordance with the
bifenthrin WQC, mixtures with other pyrethroids should be incorporated into criteria compliance
by assuming additivity for the BSQC.
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1 Introduction

The goal of this project is to develop a methodology for derivation of pesticide
sediment quality criteria (SQC) for the protection of aquatic lifeashwater
ecosystems, particularly ftme Sacramento and San Joaquin River bagi@zlifornia
The suface waters of these basins receive pesticide inputs in runoff and drainage from
agriculture, silviculture, and residential and industrial storm water (CRWQUZRB
2011). The term pesticide is defined by tBaliforniaRegional Water Quality Control
Board Central Valley RegioflCRWQCBCVR) asii(1) any substance, or mixture of
substances which is intended to be used for defoliating plants, regulating plant growth, or
for preventing, destroying, repelling, or mitigating any pest, which may infest or be
detrimental to vegetation, man, animals, or households, or be present in any agricultural
or nonagricultural environment whatsoever, or (2) any spray adjuvant, or (3) any
breakdown products of these materials that threaten beneficial(@®¢/QCBCVR
20117).

The project will be accomplished in three phases. Phase | was an extensive
review, comparison and evaluation of existing criteria derivation methodologies used
worldwide (Fojut et al. 2011, 2013Yhisdocumenis a report of the results of Phase II,
which is the development of a new sediment criteria derivation methodology, based in
part on the findings of the Phase | review. The new methodology, termed the University
of California Davis Sediment Method (UCDSM), is based on a bioavailability approach
that incorporates the latest available research into nonpolar organic contaminant
bioavailability, aquatic ecotoxicologgnd environmental risk assessment. As part of
Phase Il, the UCDSM is used to derhieavailable sediment qualityriteria (BSQC)for
bifenthrin andthe derivationis includedin this report as an illustration of the method.
Phase Il is to apply the new methodology and derive criteriadditionalpesticides of
concern in the Sacramento and San Joaquin River bhsinardistedunderSecton
303(d) of the Clean Water Act (CRWQEBVR 2010).

The mission of Californiads nine Regional
(RWQCBs) is Ato develop and enforce water qu
which will best protect the beneficial useglud State's waters, recognizing local
di fferences in climate, topography, geol ogy
Toward that mission, each RWQCB is responsi b

its hydrol ogic ar ea.Plai(Basin BlaNafdr the Sac@amantoi t y Cont
River and San Joaquin River Basinso contains
substances in general, and pesticides in particular(CRWQB 201 1):

"...waters shall be maintained free of toxic substances in concentrations that produce

13



detrimental physiological responses in human, plant, animal, or aquatic life."

"No individual pesticide or combinations of pesticides shall be present in concentrations
that adversely affect beneficial uses."

ADi scharges shall not result in pesticide

c

|l ife that adversely affect beneficial uses.

"Pesticide concentrations shall not exceed the lowest levels technically avoanécally
achievable."

1.1 Summary of Phase |

In Phase IFojut et al. (2011, 2013) identifigdree main approaches for
development of sediment quality guidelif€QGs) empirical, mechanistic and spiked
sediment toxicity testing (SSTTyhe term sedimentuglity guideline is used in most
other jurisdictions, rather than sediment quality criteria, because these types of values are
typically only used as triggers in risk assessment, rather than for regulatory compliance.
In general, the empirical approachesngrate concentration ranges that are very likely,
likely, or not likely to cause adverse effects, but they do not establish aeféecte
relationship for a single chemical. The mechanistic approach uses the equilibrium
partitioning model to generate gie concentrations not to be exceeded that are based on
the existence of a water quality criterion for the compound of interest. The third approach
usesSSTTdata to derive criteria with statistical distributions or by applying an
assessment factohlF; sametimes called safety factors). Several of the methodologies
incorporate multiple approaches and recommend deriving criteriaS®HT data ifthey
areavailable, or comparing the derived criteria tesddata ifthey ardimited. In the
conclusions of te Phase | report the viability of each approach was assessed. An
empirical approach could not provide an acceptable level of certaiSt@because the
majority of data used in these approaches do not demonstratectfmeseelationships
between chemal concentrations and adverse effects. A mechanistic approach could be
used for pesticides with existing water quality crit§#QC), but some of the underlying
assumptions of this approach have not been completely validated, leading to higher
uncertaintyin the values. Finally, the SSTT approach was recommended because it has a
strong technical foundation as the data clearly link cause and effect, however, it was
noted that there are very few SSTT data available for pesticides and experimental
uncertaintes may hinder the use of what little data there are.

The most significant conclusion of Phase | was that bioavailability of
contaminants must be incorporated to generate reliable SQC. It is an important factor to
consider when establishing any type of muimvalueand is particularly relevant for

14
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hydrophobic pesticidesyhich are the most likely to be sediment contaminants
Sediments are very heterogeneous and when they are contaminated this leads to varied
uptake and toxicity of those contaminants toaguorganisms. Within sediments,
chemicals carither be bound to the particles or freely dissolved in the interstitial water
and they can change from one phase to the other depending on conditions. Interstitial
water, sometimes also referred to as potewas the water that saturates sediments and
is found in the interstices between individual sediment parti€les bioavailable fraction

of a contaminant refers to the fraction of a chemical that is available for uptake by
organismsvia all exposure roies which for sediment contaminants includgdake of
freely dissolved chemicalfrom interstitial water (either internally or externally through a
dermal membrane) andgestionof anddirect contactvith bound contaminants
Sediments are so varied thlaé concentration that causes acute lethality for a given
species in one sediment sample may be completely nontoxic in a different sediment
sample. This is why accounting for bioavailability in SQC was identified as the most
significant factor in the Phad review.

1.2 Use of the UCDSM

The UCDSM is considered a companion method to the University of California
Davis methodologyUCDM) for deriving waterquality criteria (TenBrooket al 2010),
and as such, many procedures used to generate sediment cetsimaikar to those used
to generate water quality criteridisk assessment procedures, such asvhkiationof
ecotoxicity data, datprioritization, andcriteria calculation techniques (species
sensitivity distributions, assessment factors, and aouthronic ratiosyare applicable to
bothwaterandsedimentata The essential approaches in the UCDSM are the same as
those used in the UCDM, with appropriate adjustments made to focus on organisms with
sedimentdwelling life stages.

To use the UCDSM, &ining or expertise in toxicity testing, ecotoxicology,
environmental toxicology, environmental chemistry or other related disciplines is
required. The goal is to provide a systematic process for evaluating data and calculating
criteria, but knowledge ohese disciplines and the ability to exercise best professional
judgment based on experience are required to arrive at appropriately protective criteria.

It is recommended that the resulting criteria are used for risk assessment purposes
or that they are copared to environmental monitoring data as a line of evidence for
determining pesticides that may cause or contribute to toxicity. The BSQC generated
using the UCDSM have a high degree of uncertainty and thus may not be appropriate to
use as strict regulaty values. The main reason for the high degree of uncertainty is that
there are very few SSTT data available to use in the method. Because there are few
toxicity values or alternative criteria that can be compared to the resulting criteria, the
BSQC cannbbewellc al i br at edr orhéddo ouoadensure that
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reasonable and protective. This is one of the main differences between the water quality
criteria UCDM and the sediment quality criteria UCD$here were many available

agueous toxiity data and water quality criteria to compare to during the development of
the UCDM. Due to the high degree of uncertainty and inability to test the method with
large data sets, the criteria generated with the UCDSM are referred to as interim BSQC,
with the idea that as more data are generated, the method can be fully tested and updated
to produce unqualified BSQC.

1.2.1 Goal of UCDSM

Like the UCDM, the goal of the UCDSM is to extrapolate from available
pesticide toxicity data for a limited number of speciea tmncentration (criteria) that
should not produce detrimental physiological effects in aquatic ecosystems. These criteria
aim to protect all species in an ecosystem, but particularly focus on benthic species or
those species with part of their lifecyatethe benthic zone. The UCDSM was designed
for the Sacramento and San Joaquin River watersheds, but is generally applicable to
freshwater ecosystems in North America. Simple modifications could be made to adapt
this method for estuarine or saltwater erdger other geographic areas.

1.2.2 Overviewof the UCDSMapproach

This section provides a highvel overview of the UCDSM approach to orient the
readerto the documentThis section is a narrative of the sequence of procedures to derive
criteria, and the process is also illustrated in two flow charts: Figure 1 illustrates data
collection, organization, and prioritization, and Figure 2 illustrates the criteria calculation
process.

The methodology begins with collection of both physicochemicakpied
sediment toxicity test (SSTEcotoxicity datgsection2.1). Acceptable ecotagity data
must incorporateraestimate of bioavailability, which is further described in section
1.2.3 Once the data is collected, it is evaluated to ensuretiyahigh quality data are
used directly in criteria calculatiofisection2.3). Ecotoxicity data are evaluated based on
numeric scoring of the study design amdtuimentation and acceptability of study
parametergsection2.3.2). After ecotoxicity data are scored, they aeparated intowo
categories: 1) the acceptablaalaetthat rats as relevant and reliable and damused in
criteria calculation an@l) the supplemental data set that rates as less relevant and/or less
reliable. The acceptable data set is separated into acute and chrosedada?.4), and
they are prioritized so that there is a single toxicity value for each sjjsec®n2.5).
These data sets can then be used to calculate criteria.

A statistical approach, utilizing species sensitivity distributions (SSDs) is
recommended in the UCDS[ection3.4), but there are minimum data requirements that
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must be met to use a S$&ection3.4.1.). The minmum five taxa requirements have

not been met for any pesticides thus far because there are only two taxa for which
standard test methods are available. The SSD procedure is described in this report
(section3.4.2, but it is unlikely that is will be used until more SSTT data are available
for more diverse taxa. Because SSDs are not practical at this time, and may never be
unless standard methods are developeddditianal taxa, an assessment factor (AF)
procedure is used f@cutecriteria calculation. The goal of the AF procedure is to
approximate the'5percentile of the species sensitivity distribution, without actually
fitting a statistical distribution to éhdata set. To calculate criteria with an assessment
factor, the lowest toxicity value in the data set is divided by areA# the result ian
estimate of the®percentile of thelistribution. The rationale for assessment factors is
given in sectior8.5.1and the straightforward procedure is in secBdn2 To calculate
chronic criteria for data sets that do not meet the minimum five taxa requirements, an
acuteto-chronic ratio (ACR) is applied to thd'percentile of the distribution estimated
using the AF procedure (secti8r). If paired acute and chronic data are available, the
ACR can be calculated from experimental data (se®i6riand3.6.2), or if paired data

is not available, a default ACR is used (sec8dh 3. Once criteria are calculated based
on single species SSTT data, the final criteria statements include an averaging period and
an allowable exceedance frequency (secidh

Before finalizing the criteria, any data indicating mixture toxicity effects or water
guality effects on toxicity (e.g., temperatidependence) are reviewed. If there are
sufficient data, these effects are quantified for mixtures (se¢t®mr water quality
effects (sectiod.3) and incorporated into the final criteria statement. The criteria are also
compared to any available data for sensitive species (séclipthreatened or
endangered species (sectmf), or from multispecies ecosystem studies to ensure they
are protective of these populations. The aatemay be adjusted if these studies indicate
that the criteria may not be protective of these taxa (se€stpnFinally, the criteria are
examined to check th#tthey are met, they will not cause adverse effects from transfer
to other environmental compartments (secadl) or due to bioaccumulation up the food
chain (®ction6.2).

The final criteria are referred to as interim bioavailable sediment quality criteria
(interim BSQC) and are summarized in a final criteria statemeati¢a7.1) including a
list of the assumptions and limitations of the calculation (secti®n

1.2.3 Accountingfor Bioavailability

The essential premise tife UCDSMis to account for bioavailability in both
deriving criteria and determining compliant@ethe UCDSM, the definition of
bioavailability follows that from the National Research Council (NRC 2003), which
given as fAthe individual physical, c¢hemi
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amount of chemical actually absorbed or adsorbed (bioavailability) and available to cause
a biological response in plants and animals exposed to chemicals &skwodiatsoils

and sedi ments. o0 Stated another way, bioavail
the environment actually interacts with organisms. Once a chemical is taken up by an
organism, either internally or on the surface, it may accumulateatsormed, be

excreted or cause adverse effects (toxicity) in the orgafismbioavailable fraction of a
contaminant refers to the fractiontbe totalchemicalpoolthat is available for uptake by
organisns viaall exposure routes. Bioavailabilignd subsequent toxiciig dependent

on many factors, including sediment characteristics (e.g., particle size, sotypeof

organic matter), organism characteristics (e.g., behavior, feeding), chemical properties,
contact time, environmental conditiofesg., temperature, pH), biological activity in the
ecosystem (e.g., biotic transformation, cycling, and buaijl potentially other®avies

et al. 1999Diaz and Rosenberg 19960u et al. 2011).

Directly measuring bioavailability would involve measg chemical residues in
organisms or interactions of chemicals with organism membranes; any measurement that
does not involve an organism is an estimate of bioavailability (McLaughlin and Lanno
2014). Many studies have suggested thiaavailability ofcontaminants in sediments is
accurately predicted by tlo®ncentratiorthat is freely dissolved imterstitial watey
which has beeastimaéd with passive sampling devicésafwood et al. 2012; Hunter et
al. 2008; Youwet al. 2A1). Interstitial water iglescribed as the water in the interstices
between individual sediment particles; this is also referred to as pore water in some of the
literature.The estimatedréely dissolvednterstitial water concentratiamay not beequal
to the true bioavailable fcdion because itnay overlook the ingesticend direct contact
exposure routg and any measurement that does not include measuring the chemical in
an organism will always be an estimate of what organisms may expetiawever,
recent studiebave demorisated thathecorrelations between theeely dissolved
concentratioranduptakeor toxicity have much less variation compared to correlation
with whole sediment concentrations.

Bioavailability of sediment contaminants is closely related to the birating
uptake of contaminants to sediments, which is also referred to as sdtgiesbeen
demonstrated that noniondcganiccompoundssuch as many pesticidggimarily sorb
to organic matter (OM) contained in sedimentsoadissolved organic matteddOM) in
interstitial water $chwarzenbach et al. 2003he abundance of OM is usually expressed
as theorganic carbon@C) content or the dissolved organic carbon (D@@)tent of a
sorbentbecause organic carbon is what is typically measured as a surrogate for organic
matter The amount of a chemical that will sorb to solids is described as a ratio called a
solid-water partition coefficienty, also called a distribution coefficient). Thelid-
water partition coefficient is the ratio of the mass of the chemical sorbed to sq)itis (C
the mass dissolved in water,{)ICBecause OM primarily controlgptake §orptior) and
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release desorptiof of these compounds or from sedimenissolidwater partition

coefficients are often normalized to the OC content to reduce variability of théopartit
coefficients across different sedimerRartition coefficients are O@ormalized by

dividing them by the OC content (fraction of sediment that is @@ &ssfoc).

However, even when contaminant concentrations in sediments ane@flized,

biological uptake and toxicity are not accurately predicted in many cases. This is because
naturallyoccurring organic matter found in sediments and soils comesvanied

sources and has gone through varied processes, making it an extremely heterogeneous
matrix (Schwarzenbach et al. 2003).

Some researchers have tried to better characterize organic matter and determine
the different components that may exhibit sgger or weaker sorption of HOCs, but this
has proven to be very complex (summarized in Schwarzenbach et al. 2003). However,
one part of organic matter that has been-wietiracterized is black carbon, also called
soot or charcoal, which is a product ofangplete combustion. It has been observed that
sorption of most HOCs to black carbon (BC) is stronger than sorption to natural (non
combusted) organic carbon. Most studies on sorption to black carbon have measured
polychlorinated biphenyls (PCBs) and polyaratic hydrocarbons (PAHSs) and less is
known about sorption of pesticides to black carbon. One study measured sorption of
pyrethroids to black carbon and reported only modest increased sorption to black carbon
compared to natural OC (Yang et al. 2009).cBRlaarbon may be more or less important
depending on the types of sites that are monitored (some sites are highly enriched with
BC) and on the physicochemical properties of the pesticides of interest (e.g., pyrethroids
have a high molecular weight that magpder sorption to BC; Yang et al. 2009). The
importance of accounting for BC as well as OC has been recognized by the US EPA and
they have incorporated BC into their guidance on equilibrium partitioning sediment
benchmarks for the protection of benthiganisms (USEPA 2012). In typical SSTTs and
environmental monitoring, the black carbon content of sediment is not measured, thus, it
is unlikely that this parameter will be available to be incorporated in the UCDSM. In
addition, a black carbewater partiton coefficient would be needed for the pesticide of
interest, and these values are not widely available.

Because the unique characteristics of organic matter affect how contaminants bind
to it, attempts at predicting sorption or bioavailability acrosgedasediments can give
mixed results. O€ormalized sediment concentrations and D@@malized interstitial
water concentrations reduce some of the variation across sediments, but sometimes have
poor correlations with biological uptake and toxicity. Treefy dissolved concentration
(Cy) is not equivalent to the bioavailable concentration, but it is directly related to a
contaminant s chemical activity. Chemical

ac

biological uptake and to cause toxicity because cheerhic act i vi ty Aquanti fie

for spontaneous physicochemical processes, such as diffusion, sorption, and
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partitioning, o0 including diffusive uptake
2006). Chemical activity is a somewhat abstract cantep it can be described as the
relative energetic level of a chemical at equilibrium. The chemical activity of a particular
contaminant will determine its concentration in an organism at equilibrium. When a
contaminant is adsorbed to sediment partitleschemical activity of the contaminant
decreases with increasing sorption, and subsequently both the concentration in biota and
the freely dissolved concentration would also decrease with increasing sorption
(Reichenberg and Mayer 2006). The concemhamical activity is important in the

scientific rationale underpinning the relationship between chemical uptake by a passive
sampling device to the freely dissolved concentration, discussed more below in section
1.2.3.3

Other researchers have worked on analytical methods that estimate the
Abi oaccessibled concentration, rather than
contamnants. Bioaccessibility is also called extractability or simply accessibility, and can
be defined as the amount of chemical that has the potential to become available by
desorbing from sediment or dissolved organic matter (Semple et al. 2004, You et al.
2011). Unlike the freely dissolved concentration, the bioaccessible concentration is not
directly related to chemical activity, but extractiadhat characterize or estimate the
fraction that rapidly desorbs from sediméate been shown to have good catiehs
with biota uptake or toxicity (Harwood et al. 2@18ydy et al. 2007, You et al. 2006).
These types of methods are included in the UCDSM, with the caveat that further method
development and standardization is needed before they should be useslian cr
derivation.

A study that clearly illustrates how bioavailability and sorption are related was
performed by Xu et al. (2007). The researchers measured pesticide concentrations lethal
to 50% of exposed organismJs) in three differensedimeng usingChironomus
dilutus formerly C. tentang They measured concentrations in whole sediment and
interstitial water and estimated the freely dissolved concentrations in interstitial water and
expressed the Lggs in five different waystotal sedimentoncentrationdased on dry
weight OC-normalized sediment concentrations, tatérstitial waterconcentrations
DOC-normalizednterstitial waterconcentrationsandfreely dissolvednterstitial water
concentrationsThey demonstrated that the 4¢€for the three different sediments were
highly variable when they were expressed as whole sediment or whole interstitial water
concentrations (% coefficient of variation [%CV]: 3&.3.9%) and they were less
variable when expressed as @@rmalized sedimerdr DOGnormalized interstitial
water concentrations (%CV: 34/1.0%). Variation was greatly reducetienLCss were
expressed dseely dissolvednterstitial waterconcentration$%CV: 0.913.0%). This
study and others have demonstrated that the freedpldied interstitial water
concentration is a better predictor of bioavailability compared to other available measures
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(Hunter et al. 2008, Muir et al. 1985, You et al. 2009). Howestandard methods for

directly measuring or estimating freely dissolwetérstitial water concentratiorsse not

widely availableor practiced in commercial laboratoriéormalizing sediment

concentrations to OC content or interstitial water concentrations to DOC content have

also been demonstrated to be good predictorgakhilability (Amweg et al. 2005,

2006 Trimble et al. 2008Westonet al.2004, 2005, 2008Xu et al. 200Y. Techniques

that estimate the fAbioaccessibleo fraction,
potentially be released from sedimentspatorrelate bioavailability and may be useful in

deriving BSQC (You et al. 2009, 2011).

In the UCDSM, the most robust and certain criteria will be generated from SSTT
data, with measured effects concentrations that incorporate bioavail&wlitthese
criteria to be protective of aquatic ecosystems, compliance monitoring must also
incorporate bioavailability, so that criteria and monitoring results are comparable. In the
UCDSM, bioavailable concentrations may tneasured or estimatedseveral
acceptald ways:1) the whole sediment concentration can be measured and normalized to
the organic carbon contefand black carbon content if information is availaj®the
wholeinterstitial waterconcentration can be measured and normalized to the dissolved
organic carbon content, 8 the freely dissolved concentrationimerstitial watercan be
estimatedvia passive sampling techniqudse interimBSQC can be expressed as
sediment or agueousterstitial waterconcentrationsdepending on the types déta
available In general, it is not recommended that toxicity values reported in one phase
(e.g., OGnormalizedsediment concentratishare converted to other phases (e.g., freely
dissolvednterstitial waterconcentratios) because partition coefficiesnare highly
variable and add uncertainty. If s#pecific partition coefficients are available,
conversion between phases can be appropriate and is described irsk&c8dand
1.2.3.2 Including multiple methods for incorporating bioavailability allows for flexibility
and using the maximum amount of acceptable toxddta.

1.2.3.1Bulk sediment: Organic carbon normalization

The most common way to account for bioavailability is-@fmalization of
sediment concentrations. To calculate the@@mnalized sediment concentratic@y 6g
typically ng/g OC) from the dry weight (DYWhole sediment concentratioBs(
typically ng/g DW omg/kg DW), the OC content of the sediment must be known. If the
OC content is reported as the percentage of OC in sediment (%0OC), it can be divided by
100% to convert it to the fraction of OC in seént (oc; unitless). Then the OC
normalized concentration can be calculated as follows:

Eql:



The advantage of using Gtrmalized sediment concentrations is that bulk
sediments and their organic carbon emniare routinely measured in both SSTTs and
environmental monitoring. This approach is limited by the high variability of
bioavailability across sediments due to the unique characteristics of organic matter,
meaning that the O@ormalized BSQC may not laegood predictor of ambient toxicity.

OC-normalized sediment concentratiar@ beconverted to freely dissolved
interstitial water concentrations usiagartition coefficient,butthe partition coefficient
likely introduces a high degree of uncertaintyess sitespecific partition coefficients
are available. &tition coefficients have high variability across sorbents and can be
difficult to measure accurately for highly hydrophobic compousdsh as pyrethroid
pesticidegMayer et al. 2014, Schwarzeasch et al. 2003}However, there is utility in
this conversion for combining toxicity values reported in different phd$esequation
to calculate the freely dissolved concentration from thenOfnalized sediment
concentration using the G@ater partiion coefficient Koc) is given here:

Eq2:

If information on sorption to black carbon is also available, this can be
incorporated into the calculation of the freely dissolved concentration. The USEPA
(2012) givesghe following equation:

Eq3:

where:

fecis the fraction of black carbon by weight in sediment (g BC/g dry weight)
Kgc is the black carbemwater partition coefficient (L/kg BC)
nis the Freundlich exponent (dimensionless)

Freundlich exponents ardkcs are chemicadpecific and are available for some
pyrethroidpesticides (Yang et al. 2009)o solve forCgy, an iterative approach must be
used because it appears on both sidéiseoéquationstatistical functions in spreadsheet
or statistical programs can be used for this purpose (USEPA 2012).
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1.2.3.2Interstitial waterDissolved organic carbon normalization

In this approach, interstitial water is isolated from bulk sediment by fregitrg
to separate the solids from the water. Then, interstitial water can be extracted and
analyzed following typical agueous analytical methods. The advantage of this approach is
that the analysis is available from commercial laboratories and follossnexi
standardized methods for sample handling and angdlySEEPA 2001) One limitation of
this approacts that centrifuging the sediment may disturb equilibrium between the
solids, dissolved organic matter, and the aqueous p{aS&$A 2001) Thus, the
measured concentration may not be an accurate representation of the freely dissolved
concentration.

Binding of contaminants$o dissolved organic carbon can be significanfor the
interstitial water concentration to be used in the UCDSM, it must breaiized to the
DOC content of the interstitial watérhis is not a common practice because the DOC
concentration is not measured in most monitoring data, but it is a standard measurement
that many commercial laboratories can perform if requebtdds data is availablehe
whole interstitial water concentratio@;(; typically ng/L) can benormalized to DOC by
dividing by the concentration of DOCO{C]; typically kg/L) as follows

Eq4:

where:
Ciw,poc Is the DOCGnormalized interstitial water concentrati@ng.,mg/kg, mg/kg)

In order to convert from either thhole interstitial water odOC-normalized
interstitial water concentration to a freely dissolved concentrai@®QGwaterpartition
coefficient(Kpoc; typically L/kg) is neededSite-specificpartition coefficiens are
preferred lecausddOC binding affinities varywidely. If site-specific values are
unavailable, as is likely to be the cad® geometric mean of acceptable partition
coefficients can be use@hefirst expression belowefinesKpoc:

Eq5:

0 h o] 6 TO0 6
0 0

To calculate the freely dissolved concentraifoGi,, poc is not knownor to calculate it
from Ci,, a substitution foCi, poc is made in the latter expressionkxf 5 based orCi,
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being thesum of the freely dissolved chemical and chemical bound to Dle
interditial water, as follows

Eqé6: Ciw = Cg + Ciw,00c[DOC]

To solve forCy, the latter expression &g 5 is rearrangedwhich results in the following
expression:
Eq7:
5
0 oL o6 p

1.2.3.3Interstitial water: Feely dissolved concentratiofia passive
sampling

Passive samplers provide a way to measure the freely dissolved conceirtration
interstitial water. As discussed above (secfich3, the freely dissolved conceation
is directly related to chemical activity, and thus offers a more direct assessment of
potential toxicity to benthic organisms (Mayer et al. 20T#)s section is intended to
serve as a brief overview of the current state of science and avadelitequedhat are
based on the concept of equilibrium partitionifis section is not intended as technical
guidance on how to choose the appropriate passive sampling method or operate passive
sampling devices. Readers are directed to the literfdutiee most updated methodsd
practicesThis review relies heavily on a recent series of articles that resulted from a
technical workshop entitled AGuidance on

Management of Contaminat e of EBvecchmemalnt so hel

Toxicology and Chemistry in 2012 (Ghosh et al. 2014, Greenberg et al. 2014, Lydy et al.
2014, Mayer et al. 2014, Parkert&rMaruya2014). This series of articles provides an
excellent foundation to understand these methods and how tlydyenagoplied in the

future.

Passive sampling devices consist of a polymer that acts as a sorbent for
hydrophobic organic chemicaBassive sampling methods based on equilibrium
partitioning are sometime called ndepletion techniques because in ordentontain
equilibrium, the passive sampler cannot significantly deplete the contaminants from the
sediment or interstitial water matrices (Mayer et al. 2083)asic description afion
depletionpassive sampling devices is tlia¢ polymer device is plackin or on sediment
andHOCs sorb to it and eventually reach equilibrium betwbersedimentnterstitial
water, and the polymefMayer et al. 2014)The goal is to choose a polymer
configuration that sobonly a small percentage of the HOCs so édgailibrium is not
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disturbed, otherwise dneasured by the passive sampler may not be equalinatia
interstitial water before equilibrium was disturbed, leading to an inaccurate measurement
of C4 (Lydy et al.2014)Once equilibrium is attainedhe devie is removed, extracted,

and the extract concentration is measured with typical analytical meffteelextract
concentration can then be related back to the freely dissolved concentration in interstitial
water based on a known polym&ater partition codicient. The most common of these
technique for passive sampling is matsdid-phase microextraction (matr&PME)

which is configured as a thfiber coated with a polymeMatrix-SPMEhas been used to
assess uptake and toxicity of sedirAeotind pestiides to aquatic organisms in several
studies (Ding et al. 2012a, Ding et al. 2012b, Ding et al. 2013, Harwood et al. 2013a, Xu
et al. 2007).

To determine which type of neshepletive technique to use, one must choose the
polymer type and device configui@t and decide whether it will be applied in the
laboratory (ex situ) or in the field (in situ). The choice of polymer and configuration will
depend on the physicochemical properties of the target analytes, the time to equilibrium,
and the analytical detgan limits of the analytes. In the ex situ approach, field sediments
are taken to the laboratory or sediments are spiked in the laboratory (e.g., ina SSTT) and
then the passive sampler is placed in the sample. This approach allows the conditions of
the mssive sampler to be controlled and recorded and may be more acceptable for use in
SSTTs or compliance monitoring because the methods can be standardized and
controlled. In the in situ approach, the passive sampler is placed in the field for a period
long enough to reach equilibrium or to estimatgb€cause it is difficult to ensure that
equilibrium has been attained in the field. The in situ approach may be preferred for
characterizing field conditions that are difficult to recreate in the lab, suchiasores in
interstitial water concentrations with depth (Ghosh et al. 2014). Based on the current state
of science, ex sit(laboratory)measurements are recommended for use in SSTTs and
compliance monitoring of £in sediment samples for the UCDSM.

Various polymers have been employed in different devices, such as
polydimethylsiloxane, polyethylene, and polyoxymethylene. These polymers can be
configured in various ways in the passive sampling device, such as coated fibers, sheets,
or vials containinghin films (Lydy et al. 2014)There are two main types of passive
sampler techniques, those that operate at equilibrium conditions, and those incorporate
uptake kinetics, meaning a chemical concentration is measured at a specific time, which
is then correted to the equilibrium concentration based on knowledge of the uptake
kinetics (Lydy et al. 2014)o determine which type of passive sampling technique to
employ, the main considerations are available exposure time compared to time to
equilibrium and thenalytical detection limits of the target compounds (Lydy et al.

2014). The available exposure time and time to equilibrium will determine whether an
equilibrium or kinetic technique should be used. The detection limits of target
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compounds will determintne volume of the sampléra larger volume is able to sorb

more mass, which will increase the ability to detect it. However, the larger the sampler
volume, the longer it takes to attain equilibriim derive G from the concentration in

the passive sampig device (G) at equilibrium, the equilibrium partition coefficient
between the polymer and the analytg)kmust be experimentally deriveltlis difficult

to define the uptake kinetics into passive samplers because there may be many processes
involvedthe mass transfer kinetics of a contaminant, and these processes are difficult to
isolate and quantify (Mayer et al. 201Atcurately determining Ky can be challenging,

so published partition coefficients for commonly used polymers and analytes cadbe us
when availableHowever, it should be noted that variation between suppliers and batches
of materials may affect partitioning, and thus estimates;oF @ this reason, Ghosh et

al. (2014) recommend purchasing large batches of polymers,sioks nowary, and

when a new batch is purchaseglshould be reconfirmed, although the differences are
expected to be small. When @nd K, are known, then gean be calculated as/&py.

The advantage of equilibrium techniques is that equilibrium partitiotain
passive samplers is well understood and defined, which allows for accurate and precise
measurements, and results that can be replicated (Mayer et al. 2014). In addition, these
techniques have great flexibility because the polymer and configuratidreagtimized
for the analytes, and they can be used either in the field or the laboratory, and can be
exposed simultaneously with organisms (You et al. 2011). Reported freely dissolved
interstitial water concentrations in toxicity tests are easily ingatpd into the UCDSM
because there is no need to normalize the concentrations to other parameters. One major
limitation of passive sampling methods is that widatppted standardized methods are
not yet available. However, this field of research is dgueprapidly, and standard
methods may be available in the near future. Until standard guidance on passive sampling
methods is available, the use of these techniques for regulatory monitoring or performing
toxicity tests may not proliferaté&nother disadantage of equilibrium techniques is that
they can be timéntensive and labeintensive because it can take weeks to months for
the passive sampler to reach equilibrium with sediments (You et al. 2011). In addition,
because these passive sampling methatds h low capacity for sorption in order to
avoid depleting the contaminant and disturbing equilibrium, they are not always able to
sorb a large enough amount of contaminant to be detected by analytical methods, which
can be a problem for compounds tha txic at very low trace levels (e.g., pyrethroids).

1.2.3.4Bioaccessibity: Rapidly desorbing fraction

The bioaccessibliaction is the fraction of contaminant that rapidly desorbs from
sedimentwhich is an estimate of contaminants that will potentiallg\yeglable to
organisms (You et al. 2011)Ynlike the equilibriurrbased passive sampling methods,
techniques to measure bioaccessibility rely on disturbing the equilibrium so that the
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sediment sample is mildly extracted. Thesesarmmetimedermed @pletiontechniques
because they deplete a fraction of the contaminant from the sediment matrix, in contrast
to the nordepleting technique3.heonly depletion techniquthat is commonly useid

Tenax® extractionTenax is a polymer configured as a powolebead thatis placed in
awaters edi ment sampl e and,0omeaningHOCssontmsouslyn #fAi nf i ni
desorb from sediment asdrbto Tenax(Pignatello 199Q)The assumption for a Tenax
extraction is that equilibrium is not attainedring the extractigrandinstead desorption
kinetics are characterize@he extractiortime andconditions(e.g.,temperaturemixing)
affectthe extent of contaminant sorption to the Tenax; for precise results, the extraction
conditions and duration nstibe well controlled. After the Tenax sorbs the

contaminant(s) for the specified duration, the Tenax is removed from the sample jar and
solvent extracted, and then standard analytical methods can be used to quantify the
contaminant concentration or mgggically reported agg/g sediment, ong/g OC)

Sequential extractions can be performed by removing the Tenax at certain time
intervals and replacing it with fresh Tenax to characterize the desorption kinetics of the
contaminant. The fraction that rapidlesorbs has been correlated to contaminant
accumulation in biota (Mehler et @011, You et al. 2007)A simplified sngle time
point extraction(e.g., 6 hours or 24 hoyrsas alsobeen useds an estimate of the
rapidly desorbing fractioand correlionswith accumulation and toxicitgf pesticides
in biota have been observasding this techniquéHarwood et al2012,2013a,2013).

Like equilibriumbased passive sampling methods, the main disadvantage of
Tenax extraction is that widely availablerslard methods are not available, and uses for
regulatory monitoring or toxicity testing will likely not become more prevalent until such
methods are available. However, a single time point Tenax extraction could provide a
quick, inexpensive estimate of thmaccessible concentratidor environmental
monitoring or SSTTsTenax has the advantage of extracting a larger fraction of the
contaminant compared to equilibridbased techniques, which increases detection of
trace level contaminants (You et al. 20X@pmpounds that rapidly degrade nasobe
more easily detected using Tenax than equilibrhased techniques because a single
time point Tenax extraction can be as short-24 éours, compared to the weakenths
it may take to reach equilibrium (Yot &. 2011).

1.2.4 Relevant compounds

The UCDSM is intended for deriving sediment quality criteria for pesticides. In
this method, pesticides are defined as (1) any substance or mixture of substances that is
intended to be used for defoliating plamegulating plants growth, or for preventing,
destroying, repelling, or mitigating any pest, which may infest or be detrimental to
vegetation, man, animals, or households, or be present in any agricultural or non
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agricultural environment whatsoever, or 2y spray adjuvant, or (3) any breakdown
products of these materials that threaten beneficial uses. While this method is appropriate
for both legacy and currenise pesticides, we focus the examples on cutusat

pesticides throughout the method.

Therecanmendedechniquedo account for bioavailabilitydescribedabove
were madédased oralarge review othe literature that focuses monionic hydrophobic
organiccompoundsThus, the UCDSM is only intended to be used for organic pesticides
that are botmonionic and hydrophobic. The pesticides must be organic because metals or
other inorganic compounds have significantly different physicochemical properties and
are not likely to behave according to the assumptions inherent in the techniques for
accountiig for bioavailability. In addition, certain procedures were derived using only
data on organic pesticides and have not been validated for metals or other inorganic
compounds (noted in AF secti@b and the default ACR sectidh6.3. Relevant
pesticides mst be nonionic, that is, they do not form ions in waters with pH ranges
typically found in the environment (p#10); nonionic compounds are neutral, that is,
they do not form charged ions (cations and anidRelevant pesticideshould alsdave
a logKow> 3, which isa common way to defingydrophobic, although exceptioosuld
be made if the compound has been demonstrated to be a sediment contaminant of
concern.

2 Data

In order to derive scientifically defensible BSQC, high quality ecotoxicity data
must be collected and evaluated for relevance and reliability. The UCDSAdgso
guidance on where to locate ecotoxicity and physical chemical property data as well as
how to determine the quality of data collected. This guidance is based on that provided by
TenBrook et al. (2010) for the derivation of W@€d @meof thatinformation has been
repeated here for completeness. A flow chart to guide users through the process of data
collection, compilation, and organization has been incluBaglie 1).

2.1 Data collection

Dataarethe basis for any approach to deriving critefiais section thoroughly
describes what types of data to collect, where to search for data, and how to evaluate the
data to ensure that only reliable data are used to calculate criteria. A detailed protocol for
the collectionand evaluatiof bothphysicoclemicaland ecotoxicity data ensurésat
criteria will be derived from ghorough completeand high qualitydataset.
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2.1.1 Data sources and literature searches

Locations and sources of quality ecotoxicity gmysicochemicatiata have been
detailed previouslyTenBrook et al. 201(0~ojut et al.2013. These sources have been
reviewed for their applicability to sediment toxicity data and the relevant sources have
been identifiedTablel). Original datasources should always be evaluated if da¢a
reported incompilations handbooks or review articles, etc. In terms of a literature search,
all available literature should be evaluateddahemical of concern, tracing back to the
initial synthesis or identification of the chemic@knBrook et al. (2010) compilediat
of electronic resources including web site addresHais listhas been reviewed and
updated for the purposes of dengiBSQC(Table2).

2.1.2 Physicochemical data

A list of thephysicochemicaproperties to be collected provided inTable3,
whichis identical tothat of the UCDMTerBrook et al. 2010). Since many jurisdictions
worldwide incorporate sediment quality guidelines into an aquatic assessment
framework, similar docunrgs were evaluated to collect and gather quality data for use in
the development of sediment and water quality criteria (CCMB; 1R M 2001). The
efforts by TenBrook et al. (2009, 2010) represent a comprehensive and robust protocol
based on internationglidance for collecting and evaluatipfgysicochemicatiata that is
applicable to both aquatic and sediment criteria derivation. As a result, the UBDSM
based on the same data collection and evaluation proceduhesl#6SDM The collected
physicochemial data should be placed in a table and presented as part of tha criteri
report. If multiple similar and acceptable values for a parameter are available, the
geanetricmean of these values should be reported and used in any subsequent
calculations involvng the specific parametarq., Koc, Kpoc).

2.1.3 Ecotoxicity data

A list of the types of ecotoxicity studies to be colledmdBSQC derivation is
provided inTable4 (based oTenBrook et al. 2010As the UCDSM aims tbe
applicable to sediment ecosystems of the United Stéesnethod focuses on collection
of freshwater ecotoxicity data representing species found in North America. Sections
2.1.3.1through2.1.3.4discuss the types of ecotoxicity dafiainterest, which are also
listedin Table4.

2.1.3.1Singlespecies SSTTs

SinglespeciesSSTTsestablish a direct relationship between test chemical
concentrations and the observed effects. These typesaotaad be used to directly

29



calculate thd8SQCif ample dataareavailable. Tests that fit in this category expose a
single species in a laboratory system containing spiked sediment and overlying water.
Tests that spike the overlying water instead ofsédiment should be collected as
supplemental data, batenot used to derivBSQC MultispeciesSSTTsare considered
separately irbection2.1.3.2 More detailedlescriptions of the durations, endpoints and
resulting toxicity values associated with SSTTs are given in the subsequent sections.

2.1.3.1.1Definitions of acute and chronic exposure tests

Both acute and chronic data should be collected. In general, chronic tests expose
organisms in early life stages for partial or full life cycles, while acute tests expose
organisms for short periods not constituting a substantial portion of the life cycle.
Definitions of acute and chronic toxicity data for sediment exposures are proeided

Acute:

1. Invertebrate tests with exposures lasting4@aysincluding survival and growth
endpoints ASTM 2013; MacDonald and Ingersal002)

2. Amphibian tes with exposures lasting Hays(ASTM 2007).

Chronic:

Partial or full lifecycles

1. Invertebrate tests with exposures lastingg@@hys preferaby early lifestage,
including survival, growth, and possibly reproduction and emerg&®€EN] 2013,;
MacDondd and Ingersoll 2002RIVM 2001),

2. Any test with algae, protozoa, or plants (RIVM 2001)

Standard methods are not currently available for all taxa, so for species not
included in these lists, the reader should check for new methods and if not eyasabl
best professional judgment to determine which category a particular test fits into.
Standard SSTT methods for algae and macrophytes are not currently available, although
tests are being developed by researchers that may be standardized in th{gHatgyeet
al. 2012). Although standard method guidance is not available, the limited algal and plant
SSTT data available for freshwater species may provide valuable information for
assessment of herbicides or other pesticides for which algae and péatihis @rost
sensitive species.

2.1.3.1.2Toxicity values (regression analysis vs. hypothesis tests)

Toxicity values from regression analydistlal concentration and effects
concentration 0x% of exposed organismkC,/EC,) are recommended in the UCDSM.
However, lecausdypothesis test$10 observed and lowest observed effect
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concentrationNOEC/LOEC)have historically been used, particularly for longgm

chronic teststhesedata may also besel. Point estimates that result from regression
analysis shouldlways be interpolated values, meaning the effect concentration is within
the range of tested concentrations. Extrapolated point estimates that are outside of the
range of tested concentrations have the potential to be model dependent, rather than
dependenon observed effects (Moore and Caux 1997).

Acute toxicity valuesrom shortterm testsare typically reported asomt
estimates (i.e LC/ECsg), which arederived from a regression equation that ralate
observed effects ta particular concentration. b estimatest a 50% effect
concentration from acute testsould baused to calculate species mean acute toxicity
values.

Chronic toxicity valuegrom longer tests may be reported as point estimates,
typically ranging from EGEC,. For the UCDSM, eceptable chronic point estimates
(EC)) must be foo effectslevels of 10< x < 20, i.e.,ECoT ECy values.The 10%
effect level was choserabed orananalysis o8 pesticide toxicity data sets Moore
and Caux (1997who found thapoint estimates mayecome model dependent at less
than 10% effecand confidence intervals become excessively large at 5% effects and
below. However, if low effects levels are based on interpolation rather than extrapolation,
the modeldependence and large confidence intervals are less important (Stephan and
Rogers 1985)The upper range of 20% effect level is based on guidance from Warne and
van Dam (2008pn what is considered the rangda#& percent effect point estimates
(i.e., 520%). Only low percent effect levels are included for chreffectsbecause an
(almost) no effect level is intended (van der Hoeseal.1997). EGo values ag the most
commonly reported sublethal point estimates, but effect levels betwezdpd @re
acceptable for the UCDSM to include as much useful data as possible.

Chronic toxicity values are moddten reported aga NOEC and LOEG@om a
hypothesis test. @asionallychronic toxicity values are reported themaximum
acceptable toxicant concentratiMATC), which is calculated ate geometric mean of
the LOEC and NOE@nd is presumed to approximate the trueefiect concentration
MATCs are acceptablr calculaing species mean chronic toxicity valugsen point
estimates are not availabla the analysis of pesticide data sets by Moore and Caux
(21997), they demonstrated that NOECSs represented a reduction in control response
between 10 and 30%, and mb&ECs represented reductions greater than 3096.
study and others have indicated that hypothesis test results likely underestimate sublethal
toxicity and are highly variable and dependent on experimental design, which is why they
are not the preferrechronic toxicity values in the UCDSM
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2.1.3.1.Endpoints

Appropriate endpoints fdSQCderivation include those that measure survival,
growth, or reproductive effectStandard endpoints are preferred over-samdard
endpoints in criteria derivation because $S&are still in a developmental state, even for
species with a longer history of testing (i.e., midges and amphipods). Standard endpoints
measured in acute tests for midge (Chironomidae) and ampthiyate(la aztech
include survival and growth measuresiaachange in biomass. Growth measured as a
change in biomass is measured by pooling individuals in a replicate and this is the
preferred method because it provides more robust statistical anBigsisss should be
measured on a dry weight basis for sirfree dry mass basis, depending on the organism
(ASTM 2013).Growth measured as a change in weight is measured in individuals and is
not preferred because the method has more varialgyending on the organism, other
measures of growth are also calesed standard, such as head capsule width, length
(ASTM 2013).Standard reproduction endpoimisyincludenumber of young per
female, number of egg cases oviposited, number of eggs produced, number of hatched
eggs, and others depending on organism atatrd guidance (ASTM 2013)ther
acceptable endpoints recommended in standard guidance may include emergence of
adults, molting frequency, behavior, and others depending on the standard guidance for
the test organism (ASTM 201 on-standard endpoints that would be acceptable if data
for standard endpoints are not availabldude measures of immobilitinstantaneous
growth rateas well as population level endpoints, such as r (intrinsic rate of population
growth) ande-(factorby which a population increases in a given tintgher exdpoints
may be used in criteria derivation if those endpoints have been linked to effects on
survival, growth, or reproduction. Reproductive effects can include histopathological
effects on reproditive organs, spermatogenesis, fertility, pregnancy rate, number of eggs
produced, egg fertility, and hatchability (RIVM 2001). Emergence, sediment avoidance,
and burrowing activity are also considered relevamtstandardendpoints (ECB 2003).

2.1.3.1.4Nonstandard tests (data on bioavailability, mixtures, etc.)

While SSTTs at standard conditions are used directly in criteria calculation,
SSTTs conducted using natandard conditions should also be collected to assess the
possibility of test condition effects daxicity. This includesariedwater or sediment
quality parameters (e.g., temperature, pH, hardness, etc.), chemical mixtures, and
bioavailability issues (e.g., DOC concentrations, OC or black carbon amendments, etc.).
If a particular parameter appearshtave a quantifiable effect on toxicity, compliance
determination may be altered.
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2.1.3.2Multispecies ecosystem studies

Multispecies data are not used directly for criteria derivation but are colfected
compaisonto the criteria. These tests vary greatly aradlude multispecies laboratory,
field, or semifield exposuressuch as mesocosms and microcosms (OECDd $8YM
2001) The resulting datmay provide justification for adjustment of a final criteribn
they indicate that the derived criteria will ra# protective on an ecosystem s¢&&/M
2001; USEPA 19832003%; ZabelandCole 1999).

2.1.3.3Terrestrial and human health data

Although these criteria are not intended for protection of human or terrestrial life,
the risk of bioaccumulation or secondary poiagnn terrestrial organisms is assessed.
Humans and terrestrial organisms may be indirectly exposed from feeding on aqueous
species that haygesticide in their tissues. Téedata only need to be collected if the
compound is likely to bioaccumulate, whican be described as having one or more of
the following characteristics: ld§ow> 3 (ECB 20030ECD 199%), molecularweight <
1000 (OECD 1995a), molecular diameter < 5.5 Angstrom (OECD 1995a), molecular
length < 5.5 nm (OECD 1995a), sclichter partiton coefficient (log<q) > 3, highly
adsorbent (ECB 2003), belasip a class of chemicals that are known to be
bioaccumulative (ECB 2003), or if there are studies that demonstrate bioaccumulation

Dietary wildlife toxicity data are needed foiloaccumulation risk assessment,
such as for mallard duck or a similar species with a significant food source in water.
Long-term sublethal dietary exposures are preferable. Studies that report bioconcentration
factors(BCF), bioaccumulation factoAF), and biomagnification facto®MF) for
various aquatic or benthic species should also be collected. For human health assessment,
the United States Food and Drug AdministratioSFDA) may have fish tissugction
levels or dietary toxicity data availablerfthe pesticide of interest. This assessment may
have already been performed if there are exidM@(C for the pesticide of interest; if
this is the case, the user should search for updated toxicity values to revise the
calculations, if none are availalifee bioaccumulation risk assessment does not need to
be repeated.

2.1.3.4Multipathway exposures

Sediment exposures are typically considered multipathway exposures because
organisms can be exposed to freely dissolved chemicals from the overlying water and
sedimenminterstitial watey as well as exposure by egfion of sediment particles direct
contact with sediment. Incorporationtodth aqueous and sedimexjposure routeis
inherent to SSTT protocols argiconsidered an advantage of using SSTT data tealeri
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BSQC. The princi@ path of exposure for hydrophobic nonionic compounds, such as
pyrethroids, is considered to be via sedimetdrstitial wateMaund et al2001).

Standard methods for conducting SSTT include daily feeding regimens during the
exposue period however, this may underestimate the ingestion exposure route because
the food does not likely have time to equilibrate before it is ingested. If there is evidence
that derived criteria are not protective, then dietary uptake studies for troeijaarti
compound and affected species are recommended to discern if exposure has been
underestimated.

2.2 Data estimation techniques

The principal challenge IBSQC derivation is that very few usable data are
available. This is of particular concern in the cakehronic toxicity data because
sediment exposures are inherently chronic. This section presents approaches for
estimation of acute and chronic toxicity. Soapmproachesuch as acutto-chronic ratios
are widely used and accepté&ther approachesuchas quantitative structure activity
relationships (QSARSs) are widely accepted for some kinds of toxicants, but are still under
development for most toxicantdew approachesuch as time&oncentratioreffect
models have been validated for a large numbésbfspecies, but are very dataensive
procedures that are not feasible with most currently available data. There are currently no
available approaches to using interspecies correlations to predict sediment toxicity.

2.2.1 QSARS

If an experimentally determideéloc is not available for a compound, it can be
estimated from th&owusing a quantitative structure activity relationship. Gi@&DSM
applies theQSAR regregsn equations of Gerstl (1990):

Eq 8: |Og Koc= a*log Kow+ b

wherea andb are constants for specific groups of chemicals (RIVM 200hg reliable
source of QSAR constants for pesticides is Sabljic et al. (1995); other reliable sources in
the literature may be used based on professional judgment.

2.2.2 Acuteto-chronic ratio estimation

Due to thegeneralack of chronic SSTT data foepticides, calculation o
default acutdo-chronicratio based on SSTT data is motrentlypossible and as a result,
the UCDSM has adopted tdefaultACR derived for use in the UCDKTenBrooket al.
2010) In this report, he UCDMdefaultACR has been updated to include pyrethroid
exposure dataA literature search was conducted to locate any ACR information derived
from sediment exposures. Only d88TT-based ACR wa®und in the literatureThis
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sedimertbasedACR of approximately 7 was determined for cypermethrin@mndilutus
(formerly C. tentans Giddings et al. 2006). The acute value in calculating this ACR was
a 10day LG of 290ng/g and the chronic values was adifyy NOEC of 39g/gfor the
growth, reproduction, and percent emergence endpoints (which were all identical). These
studies followed standard protocols and used approved spiking procedures that include
applying the chemical to sand and evaporating off the solvent befonegmvith natural
sediment and equilibrating for at least 4 weeks. An alternate ACR using-tle/60

MATC as the chronic value instead of the NOEC could also be calculated from the
Giddings et al. (2006) data set. In this calculation, using theeATC for growth or
reproduction of 5y/g as the chronic value would result in an ACR of approximately 5.
An ACR of approximately 6 was calculated féraztecabased on a USEPA database

that included 1,657 fieldollected samples of matching sediment toxicitgf ahemistry

data for a variety of sediment contaminants, not solely pesti@iagsrsollet al.2001).

Until morepairedacute and chronic SSTT data are available for a variety of species,
ACRs based owateronly exposure are recommended for estimatimguoic values

from acute data. The rationale behind this decision is that if bertbigvatercolumn

species have similar species sensitivity distribugitime distribution ocute and chronic
effectsconcentrations in the organisml also be similar regardless of exposure media,
which isconsistent witithe EqP approach (Di Toet al 2002)

2.3 Data evaluation

Once data are collected for the pesticide of interest, the data or studies are
evaluated to determine if they follow standard protocols aret meality guidelines. For
physicochemical data, the preferred methods of data collection are given in 8&tlon
to prioritize these data. Evaluation of singlgecies ecotoxicity data involves several
steps described in secti@rB.2 1) determine if data are relevant based on key study
parameters, 2) if data pass relevance threshold, determine if data are reliable based on
documentation and acceptability of test paranset® calculate a study score for
relevance and reliability, and 4) summarize the study parameters and scores in a table to
document the evaluation proceske relevancandreliability scores are used to give the
final rating(presented iTable7 with individual scores presentedTiable8-Table12).

Toxicity values with a high final rating make up the acceptable data set used to calculate
criteria, while toxicity values with lower ratings are considered supplemental and may be
used to comare to criteria in the case that they represent species not included in the
acceptable data set. Data with the lowest ratings are not used in any aspect of criteria
derivation. Multiple species laboratory studies, mesocosm/microcosm studies, field or
wildlife studies also have specialized evaluation tables because these types of data are
used to compare to the criteria derived from sisglecies studies if they have moderate

to high ratings for relevance and reliability.
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2.3.1 Physicochemical data evaluation

As discussed in Phase I, it is extremely important to have accurate
physicochemicatiata, especialli{ow, Kocor Kpoc values for highly insoluble chemicals
(Fojut et al. 2011)These values are difficult to determine experimentallykasghnd
Kooc Will vary depending on the solid, thus, values in the literature can vary by orders of
magnitude for such compounds. To address this,ispeeific guidance for selection of
high quality and reliable partition coefficients is provided by the USEPA (B €bal.

2002) and The Netherlands (RIVM 2001). The USEPA EqP method recommends using
newer experimental methodologies to determin&ihig such as the slow stir method

(de Bruijn et al. 1989) and the generator column method (Woodburn et al. 1984).
Expeimentally determined values using these methods should take precedent over values
based on other methodologidsble5) or estimatedows based on QSARSs.

Reliablephysicochemicamethods fogeneraing data using acceptable standard
protocolsare summarized imable5 (first described by TenBrook et al. 2Qdased on
USEPA 2003 and RIVM 2001) The UCDMguidance for prioritizing recommended
methodgo determine&Kows isgivenin Table6, as well as expanded guidance Kexy
method selectiofor compounds with loglowgreater than .@ue to the highly insoluble
nature ofsuchcompounds, the slow stir method is likely to proelan emulsiofieadng
to erroneous resultFor this reason, Laskowski (2002commendshat the generator
column methodareused to determingyrethroidKows rather tharthe slow stirmethod,
and this guidance also applies to other compounds witkdagreater than 6. The
method most appropriate for the experimental determination of reKakke depends on
the likely ramkge of a compoundos

It should be noted that f@hysicochemicaproperties that are affected by
temperature, it is importantdahthe parameters were determined at relevant temperatures.
If not, the parameters should be adjusted accordiaglgetailed iTenBrook et al.
(2010).Physicochemicadlata thatirenot verifiable should not be used for criteria
derivation and values tek from handbooks should be used with caution.

As stated irsection2.1.2 the collectegphysicochemicatlata should be placed in
a table and presented as part of the cateport. If multiple similar and acceptable
values for a parameter are available,ghemetric meanf these valueshould be
reported and used in any subsequent calculations invdlvngpecific parameteeg.,
Koc, Kpoc), except when a partition coefficient was determined in the same study that the
ecotoxicity information is reported.

It is important that qualitphysicochemicatiataarecollected and systematically
evaluated foreliability whether or not thegre directly used in the calculationBSQC
The aceptable methods for determinatiorpbfysicochemicapropertiesdefined in the
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UCDM arealso adopted in the UCDSMhere are bth nationally and internationally
recognizedorotocols for thaneasuremendf physicochemicapropertiesand these
standards are used to evaluate availdata (OECD 1995 RIVM 2001, USEPA 1985
2003). Yet, as éscussd above with partitioning coefficients of highly insoluble
compounds, the usd standard protocols may not remove the large variation in
published valuegesulting fromthe analytical challenges inheréatwvorking with
compounds with extremely low water solubilities.

2.3.2 Ecotoxicity data evaluation

TheUCDM protocol developed to ranke relevance and reliability of an
ecotoxicity studywasbased on the widely accepted ECOTOX (2006) rating systam
UCDSM further expands this protodolincorporate data quality indicators for sediment
toxicity studiesA systematic scoring approach to determine relevance and reliability of
ecotoxicity datavas developed so that data evaluation is more objective, although best
professional judgment and knowledge of standard protocols are inherent to the process.
The incluson or exclusion of data can have a large effect on the resulting criteria, so the
goal was to fully document the data evaluation process and include the documentation in
the final criteria reports so that the process is transpanehavailable for revie. The
highest quality datarerelevant to the purpose of this methbdsed on standard
methods of testing, wetlocumentegdand meet the acceptability criteria of the method
employed.The meaning and intent behind the relevance and reliability paranaeter
described in more detail below. The relevance and reliability of a study are scored
numerically based on acceptable design and execution of the study, which is based on
documentation of study parameters. These numeric scores are translated ggagatin
specified inTable7. Studies with the highest scores are rated relevant and reliable (RR)
are used directly for criteria derivation. Studies with moderateesdor either category
are rated less relevant or less reliable (LL, RL, LR) and are used as supplemental data to
compare to derived criteria (sectibyn Studies wth low scores for either category are
rated as not relevant or not reliable (N, LN, RN) are not used for any purpose in the
UCDSM.

2.3.2.1Relevance

For singlespecies ecotoxicity studies, relevance corresponds to those studies that
by design test a single spexi@ith a single pure chemical following standard test
protocols. The relevance scoring is designed to require six key study parameters for a
study to be considered relevant (R) for the purpose of this method, and therefore
acceptable data for use in critederivation.Therelevance parameters and associated
point values arpresented i able8 (adapted from TenBrook et al. 201The six key
parameters are: 1) thadpoint is related to survival, growth, or reproduction; 2) it is a
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freshwater spikedediment toxicity test; 3) the test chemical is >80% purity; 4) the test
species is from a family found in North America; 5) a toxicity value is reported or one is
calcubble based on raw data (censored toxicity values are not considered relevant) and
the toxicity value accounts for bioavailabifitand 6) an acceptable control response is
reported. If one or two of these six parameters is lacking, the data are leastr@élg¢v

and are considered supplemental data that can be used to compare to criteria if they
represent a species not included in the acceptable data set. If three or more parameters are
lacking, the data are not relevant (N) and cannot be used for arty akpsteria

derivation or comparison. Each of the six parameters is worth 15 points of a total of 100
points. There are also 10 points given for citing and following a standard test protocol.
This study parameter has a lower point value because matgsstlo follow standard
protocols, but may not cite them, and if the study details are reported and are acceptable,
then the quality of the data can be evaluated. These study parameters are considered in
the reliability evaluation described next. Data véthelevance score of ADO are

relevant (R) and are included in the acceptable data set, data with a relevance score of 70
89 are less relevant (L) and are included in the supplemental data set, and finally, data
with a relevance score of@® are not rdevant (N) are not considered further. These

scores are also given Trable7. Studies that rate as relevant or less relevant are evaluated
for reliability (Table9, Table10), while studies that rate as not relevant are not evaluated
for reliability. The cutoff scores for the different relevance ratings were developed as part
of the UCDM

2.3.2.2Reliability

Reliability is divided into two main categories, documentation and acceptability.
Adequate documentation of study design, test condjteomdata analysis methods
improves the reliability of a sediment toxicity test and fitness for uB&S@Cderivation.

A documentation rating system f86TTs, revised fromthe UCDM rating system for
aguatic laboratory studies, is presentedable9. Sediment propertigparticle size
distribution, total organic carbprsediment spike method, and spike equilibration time
are now included as documentation paramé&sd M 2013;USEPA 2001

USEPA1996% Point values for the documentation of overlying water quality parameter
values have been lowereg approximately hal€ompared to the dilution water quality
values inthe UCDM (TenBrook et al. 2010). These points haeen redistributed to the
listed sediment characteristicsTiable9.

! As described in sectioh2.3 a toxicity value accounts for bioavailability if it is: 4 whole
sediment concentration normalized to the organic carbon content, 2) a whole interstitial water
concentration that is normag¢d to the dissolved organic carbon content, 3) an interstitial water
concentratiorestimaed via solidphase microextraction or another raepleting equilibrium

based technique, or 4) an interstitial water concentragtimaed via Tenax ® or another
depletion technique
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The reliability of aSSTTdepends not only on appropriate documentaton
acceptability of the test conditions in relation to an accepted standard. The acceptability
rating system for single speci8STTsis presented ifable10. Thistable is based on the
UCDM acceptability rating system for use in the evaluation of sisgéxies aquatic
laboratory datg§TenBrook et al. 2010)The UCDSM acceptability rating system includes
the following elementsvhich are related directly to sedinteaxicity studies: sediment
spiking method, solvent carrier amount and spike equilibration time. Recommended
protocols for sediment spiking are provided by the USEPA (2001) and the CCM& (199
andare described iAppendix A Briefly, regardless of the #ging technique, replicate
subsamples of the spiked sediment should be analyzed to determine homogeneous mixing
and confirmation of spike level. Wet sediment spiking is preferred over dry sediment
spiking and the jar rolling method is considered more Blgitior spiking large batches of
sediment compared to hand mixing. It is recommended thatdspekiEmentsarestored
for at least one month before use in toxicity testing to eritkatéhe sediment and
interstitial waterare in chemical equilibrium, urde other informatiomdicaies
otherwise, especially for highly hydrophobic compounds. It is noted that direct addition
of solvent carrier to the sediment should be avoided and a shell coating method should be
employed instead. The solvent carrier contegrthe chemicak added to sand or
glassware surface and the solvent is allowed to evaporate completely before mixing with
wet sediment. This procedure ensutesthe solvent does not change the
physicochemicaproperties of the sediment. Due to the artpnce of these factors in
their potential to affect the validity of the sediment toxicity test results, these elements
have been added to the acceptability rating takdéle10).

In order to aid the user in determining whether a given test parameter is
acceptable according to standard methods, a summary of acceptable test conditions have
been compiled iM\ppendix A Included is a summary table of td&EPAtest cowlitions
and acceptability requirements (or guidanceHoaztecaandC. dilutusgiven inOPPTS
850.1735USEPA 1996% A summary table of the ASTM E 17@& test conditions and
acceptability requirements (or guidance) fbraztecaC. dilutus Chironomusriparius,
Daphniamagna Ceriodaphniadubia, Hexageniaspp, TubifextubifexandDiporeiaspp
for various exposure duratiorsalso included (ASTM 20137 summary table aothe
EPA-823B-01-002 protocolfor sediment spiking aniditerstitial waer handling
proceduresYSEPA2001)is also includedStandard protocols are revised over time as
new information becomes available; for this reason, the guidance in Appendix A is given
as a snapshot in time of the current acceptable protocols, butneant to be a replace
knowledge and familiarity with standard methods and updates and revisions that may
alter how tests are performed and evaluated. There are currently efforts underway to
update spikegdediment toxicity test protocols for midges and aipqths and to finalize
tests with longer exposure durations that include reproductive and other sublethal
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endpoints. The most current standard test protocols should be taken into account for
evaluating test reliability as the guidance in Appendix A willdmee outdated.

Although not directly included in the sediment or water criteria calculation,
ecotoxicity studies based on multiple species laboratory studies, mesocosm/microcosm
studies, field or wildlife investigations are still relevant for comparisdahdalerived
criteria. It is important to evaluate theiability of these types of data for acceptability
and adequate documentation of the study, although there is a lack of standardized
protocols for these tests. The UCDM rating scales developed feptabdity of these
types of data are also considered relevant for evaluating sediment associated
contaminants. Alocumentation and acceptability rating table for aquatic outdoor field
data and indoor model ecosystems is present&dbiel11(first adapted from ECOTOX
2006by TenBrook et al. 2010). An acceptability rating table was also developed for
terrestrial ecotoxicity data generated in the laboratory or field environifiiie(L 2,
based on TenBrook et al. 201TablellandTablel2 have been updated to incorporate
acceptability relevant to sediment.

2.3.2.3Data summaries of ecotoxicity data

The UCDM details @rocedure for systematically rating the relevance and
reliability of an ecotoxicity study for use in the derivatioWdQC (TenBrook et al.
2010) The UCDMexpanded on the Dutch guidanoavhich components of an
ecotoxicity study must be identified indar to evaluate the quality of a wide range of
studies fairly(RIVM 2001). It is likely that the WQC anBSQCderivation methods will
be used simultaneously or sequentiadliyd thereforé is beneficial to the user to follow
a similar approach for sumnizing and evaluating ecotoxicity datBhe UCDSMhas
thus adaptethe UCDM data summary shefdr use withsediment exposures. The list of
components to be documented &n ecotoxicity study used to derive or sup@B8QC is
presented iTablel14. Additions made to the#CDM data summary sheet include:
documentation of thphysicochemicagproperties of the sediment used in the toxicity test,
if the sedinent isformulated or naturals well as information aie sediment spiking
procedure, spike equilibration time athe sedimenio-solution ratio used in the toxicity
test(Table14). Documentatiomequirement®f the procedureusedfor extracing
interstitial watefrom sedimentinterstitial water chemical extraction and instrumental
analysishave also been added. Both water concentrations and sediment concentrations
should be recorded, if teeare reported in the study.

Theintent of thedocumentation sheetto extract relevant information while
reviewing an ecotoxicity study. The documentasbeet should be completed with
enough detail to provide support for assigning a numerical score for the overall relevance
and reliability. To aid in the completion of the documentation sheet and rating of studies,
a guidance document is presentedppendix Athatprovides a summary of acceptable
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test conditiongathered fronstandard method# should be noted that this is to serve as
a guide ad does not replace or take precedent over the original source information.

2.4 Organization of data

Single-species SSTT data should be separated into acute and chronic data, and
each set should be summarized in a separate W&lilen each table or in separate tables,
data should also be separated into categories for different typescehtations (i.e.,
OC-normalized sediment concentrations, DO@@malized interstitial water
concentrations, freely dissolved concentrations measured via passive sampling devices,
or bioaccessible concentrations measured via TeRarkease of viewing, walso
recommend summarizing the other types of available toxicity values in data tables, e.qg.,
wildlife toxicity values, ecosystefievel studiesBCFs etc.Recommended headings to
include in the singlspecies data tables are: species name (binomial rotehae);
common name (optional); family name; i$tage, age, or size of organism; test endpoint;
test type (i.e., static, static renewal, flthwvough); exposure duration; test temperature;
toxicity value(s) (e.g., L€, ECs, NOEC, LOEC, MATC); OC cont# or % OC; the
study reference or citation; and if applicable, the overall rating of the study (i.e., RL, LR,
or LL) and the reason the study was excluded or rated lower than RR.

2.5 Data prioritization

For data that are rated relevant and reliable (iR,,&cording tdrable7), the
toxicity values are prioritized and combined to result in one toxicity value for each
species, which will subsequently be used for dgatealculationWe recommend that this
prioritization step should follow the data organization step described in s2etion
because it only applies to toxicity values rated RR and having the data in a spreadsheet
table allows for easy calculations and revisions to the table. The prioritization process
should be doe separately for the acceptable acute and chronic data sets to arrive at a
singlespecies mean acute value (SMAV) and species mean chroniq 8@ for
each specieis the respective data set$1e UCDM dataprioritization instructions to
computeSMAVs and SMC\s have been adopted by the UCDSM and are listed here,
with some additions specific to sediment

a) If a NOEC is not explicitly reported in chronic toxicity studies, but statistical
analysis was done, the NOEC may be determined as the highestdeporte
concentration not statistically different from the control (p < PtBat is below
any other concentration producing significant adverse effa8¥M 2013,
RIVM 2001); the NOEC is not used in criteria derivation, but is needed for
calculation of the MAC;

41



b) Similarly, if a LOEC is not explicitly reported in chronic toxicity studies, it may
be determined as the lowest reported concentration that is statistically different
from the control (p < 0.0%hat is above any other concentration not producing
statstically significant adverse effects (ASTM 2018)e LOEC is not used in
criteria derivation, but is needed for calculation of the MATC,;

c) If a MATC is not reported, it may be calculated as the geometric mean of the
NOEC and LOEC,;

d) If no toxicity values wereeported, but raw data are available, calculate toxicity
values using appropriate statistical methaddculate point estimates (Ef®r
EC/LGCsy) if the experimental design is appropriate, particularly the dilution factor
must be> 0.3(ECB 2003);

e) If a MATC is expressed as a range of values, recalculate the MATC as the
geometric mean of the high and low values (RIVM 2001);

f) If toxicity values are reported for the sediment matrix on a dry weight basis (e.g.,
ng/kg DW) and the organic carbon content of théiment is also reported, the
toxicity values should be normalized to the organic carbon contentlEgihg

g) If toxicity values argeported as an agueous concentration in whole interstitial
water and the fraction of DOC is also reported, the toxicity values should be
normalized to the DOC content usigqg 4

h) Calculate SMAVsS/SMCVs as the geometric mean of toxicity values from one or
more acceptable tests with the same endpoints (ANZ&E@BARMCANZ 2000;
ECB 2003;0ECD 1995aRIVM 2001; USEPA 19852003);

i) If data are available for life stages that are at least a factor of two more resistant
than another life stage for the same species, use the data for the most sensitive life
stage to calculate the SMAM SMCV because the goal is to protect d# |
stages (RIVM 2001; USEPA 1985; 2G)3

j) If data are available for multiple endpoints for one species, use the data for the
most sensitivstandarcendpoint (ANZECCGandARMCANZ 2000; ECB 2003;
OECD199%; RIVM 2001), standard endpoints are describedeaat®n
2.1.3.1.3 Nonstandard endpoints that measure survival, growth, or reproduction
(e.g., instantaneous growth rate) can be used if standard endpoints are not
available for a given specid$there aremultiple endpointshatare equally
sensitive, note all endpoints, but use only one value for criteria calculation;

k) If differences between tests for the same species/endpointsiied or known
then data mpbe grouped according to appropriate factors (e.g., pH or
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temperature; ECB 2003). Selection of the appropriate value to use in criteria
derivation should be based on standard test parameters. Tests conducted under
nonstandard conditions (vs. standard ditions as defined in standard test

methods) may be used to derive quantitative relationships between those
conditions and toxicity (as in USEPA 1985; 28D3f such a relationship is
established then toxicity values derived under-siamdard conditionsiay be

translated to standard conditions and added to the criteria derivation data set. If no
guantitative relationship can be derived then tests conducted undstamolard
conditions should not be used for criteria derivation, but may be used as
supporing information;

[) If data are available for multiple time points from crustacean or insect acute
toxicity studies, use the longest exposure time (i.ed tdkts are preferremver
tests of < 1@ for acute tesls

m) Furtherprioritization may be needed ihé course of SSD analysis. If data cannot
be described by or fit to a distribution, then the set should be examined for
outliers and/or bimodalitgs described in sectid4.2.3 If data are bimodally
distributed (as determined visually), use only the lower of the two groups for
criteria derivation (ANZEC@GndARMCANZ 2000); the effects of data
exclusions on the criteria must be explored and explained (ECB 2003).

2.6 Graphical presentation of data

If five or more toxicity valuesre availableit can be useful to plot the data to
visually assess potentitiends. Ainstruced in TenBroolet al (2010) construct a
histogram of the frequency distribution and examine the distribution for multimodality or
outliers. Doublecheck toxicity values foerrors, especially toxicity values that appear to
be outliers. A multimodal distribution may be more easily seen when graphing a
cumulative frequency distribution. This can be done as part of the SSD di¢tsngibed
in section3.4, or a graph of cumulative frequency vs. log concentration can be
constructed usingq 9 below. If a distribution is used to calculate a final criterion, a
graph ofthe distribution plotted with the actual toxicity values should be included in the
final report.

Eq9: Cumuktive frequency = (ranR.5)/n

where

rank = position in set of ordered data (ranked from lowest to highest)
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n = samplenumber

Once data are collected, evaluateelected and priorited, criteria derivation may begin.

3 Criteria calculation

The criteria calculation procedunell depend on the number and type of data
available. A flow chart of the sediment criteria detima processs provided Figure 2).
A species sensitivity distributide used to derive the critari(®ction3.4) if the data set
contains the five required taxsection3.4.1.]). If less than the five taxa requirements are
available, an assessment factansed(section3.5).

3.1 Defining numeric criteria

The different terms, definitions, and purposeS$@Cused throughout the world
were summarized in the Phase | report (Fejwdl 2011). Numeric criteria in the
UCDSM follow the same definition as given in the UCDM (TenBrebkl 2009):
sciencebased values, which are intended to protect aquatic life from adverse effects of
pesticides, without consideration of defined water basbsusocietal values, economics,
or other norscientific considerations. The UCDSM lays out a methodology to derive
numeric criteridor pesticides associated with sedimeadsording to this definition,
which also corresponds to the USEPA numeric critedefinition.

Methodsarepresentedbelowfor derivation of numeric criteria from data sets of
any size. The limitations @he derived values adiscussed qualitatively, and, where
possible, quantitatively, but no categorizai®smade as to what the hags should be
used for, as that decision lies in the realm of policy.

3.2 Protection goal

The protection goal of the UCDSM numeB8QCis to protect all species in the
ecosystem. Protection at the sped&=l is the goal because the disappearance of a
single species could lead to the unraveling of community structure at the ecosystem level
due to complex interactions among spe€ienBrooket al.2009). The strategy to
achieve this goal is the same as that given in the UCDM, which is to extrapolate from
available pesticide toxicity data for a limited number of species to a concentration that
should not produce detrimental physiological effects in aquatic life. The protection goal
and strategy should lead to achievement of the narrative objective of thQ CBW
CVR, which is to maintain waters free of
detrimental physiological responses in plant, animal, or aquatic life" (CRWQB
2011). The development dhe UCDM and the UCDSNbcused on the Sacramento and
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San Joaquin River watersheds of the California Central Valley and this ecosystem is
specifically discussed in several instan¢émwvever the UCDSMis generally

appropriate for any freshwater ecosystem in the United States. Additionally, simple
modifications could be made to adapt this method for saltwater criteria or other
geographic areas.

3.3 Toxicity values

The UCDSM requires thaeparate acute and chronic criteria are derikedte
criteria are derived from shett¢rm LGoor EGg data, using either tH@SD methodology
(section3.4) or the AF methodologyséction3.5), depending on the quantity and
diversity of acute data available. For chronic criteria derivation, the procaplplied
alsodepends onuantity and diversitpf dataavailable The SSDprocedure(section3.4)
is usedf sufficient chronic dataHC,s orMATCSs) are availablg¢see sectiod.4.11), if
not, the acute value is usetdth an acuteo-chronic ratioto calculate a chronic criterion
(section3.6). The definitioxs of acute and chronéxposures and the use of regression
point estimateand hypothesis test results in criteria derivati@ne described iisections
2.1.3.1.1and2.1.3.1.2 Figure 2 is a flonchart that illustrates how to proceed through the
criteria calculation process depending on the quantity and diversity of deltzbée/

3.4 SSD procedurand rationale

The species sensitivity distribution procedure of the UCDM was also adopted for
the UCDSM. The rationale behind the SSD procedure is presented in $4tihband
the procedure igiven in sectior8.4.2 A SSDcan be reliably fit to a toxicity data set if
there are at least five data points, each representing an importamtgiaen insection
3.4.1.1 Currently very few sediment toxicity data are availavid ae the available data
are primarily for two taxa (midge and amphipod). The SSD appiiedlcbreforenot
likely to be used for calculating BSQ®@itil there is a proliferatioof high qualitySSTT
data and standard test protocols are developed for additaxaaln the case thatata for
the fiverequiredtaxaaremet for a pesticide, instructions are given herecfiteria
calculation via SSDPrior to fitting a SSD,dxicity data should be organized into
separateategories (e.g., acute, chropias desribed insection2.4, and a separate SSD
should be fit to each data category that satisfies the taxa requireEidrasthe Burr 11|
distribution 3.4.2.1 or the loglogistic distribution 8.4.2.3 is fit to the data, epending
on the number of species mean toxicity values in a given category
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3.4.1 SSD rationale

3.4.1.1SSD ecotoxicity taxa requirements

The UCDSMrequires data fdiive taxa to use SSD, similar to the requirements
of the UCDM (TenBrook et al. 201L.0yhe UCDSM taxa requirements differ from the
UCDM, however, in thattCDSM requirementemphasize morkenthic organisms,
representing various important taxa and varied habitats anidddeabits.

UCDSM SSD ecotoxicity taxa requirements
a) An epibenthic crustacear.f.,H. aztecy;
b) A benthic insectd.g.,Chironomids);
c) An infaunal invertebratee(g.,Hexageniaspp, Diporeiaspp);
d) A mollusk/amphibiarfish/other unrepresented phylum.¢.,Ranaspp.,
oligochaetes, etg.)
e) A benthic invertebrate from an unrepresented family.

H. aztecaandC. dilutus(formerly C. tentany¥are recommended as test organisms
by MacDonald and Ingersoll (2002) because of the relative sensdfitygse orgasms
to contaminants, contact with sediment, ease of culture in the laboratoryfabdsatory
comparisons, tolerance of varying sediment physicochemical characteristics, and
similarity toresponses of natural benthos populations. The USEPA (2p@&)not to
develop standard sediment test methods for mayflies, oligochaetes, other amphipods and
midges because thedid not meet all the criteria thet aztecaandC. dilutusmet,
althoughguidance on conducting tests witltese specids availablefrom ASTM (2013.

3.4.1.2Percentile cutoff

To derive criteria using a SSD, a percentile from the distribution beustlected
for use in the calculation. lselectinga percentile cutoff, the goal is to estimate a no
effect concentration. Thus, any percentile mayhmsen as long as it can be validated
against knowledge and understanding of ecosystem structure and function, as noted by
Solomon et al. (2001). A common misconception regarding the percentile cutoff is that
species below this point on the distributionlw# harmed, while those above it will be
protectedif the concentration remains below that of the selected percentile value. This
interpretation is incorrect because the distribution is not likely a true representation of the
sensitivity of all speciesiian ecosystem, but rather is a prediction based on available test
species, and the percentile cutoff should be adjusted based on the certainty and reliability
of a particular SSDvan Straalen andan Leeuwen 2002).
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The median  percentile is recommendén many criteria derivation
methodologies (ECB 200RIVM 2001, 2004 USEPA 1985, 2008 and has been
demonstrated to be a good predictor ofefilect concentrations in field studies (Ereah
al. 1993 Hose and van den Brink 200Mlaltby et al. 20050kkerman et al. 1993
USEPA 1991 Versteeg et al. 1999 here is evidence that in some casles median
percentile is not protective of sensitive species. For example, Zistlak&1985) found
that a laboratorglerived water quality criterion coantration of pentachlorophenol was
not protective of invertebrates and fish in outdoor experimental channels. In addition,
Maltby et al (2005) determined that the medidhg®rcentile was generally protective of
aguatic model ecosystems when there wsiagle application of an insecticide, but not
when there were continuous or multiple applications. In these cases the estimate of the
lower 95% confidence interval of th& Percentile was protective. While using the lower
estimates from the distributionay guarantee protection, the high uncertainty in the
extreme tail of the distribution can actually contribute mortaearesultingcriterion than
the data.

In order to give environmental managers more information regarding the
uncertainty in these pregtions, we recommend calculating the following estimates:
concentrationshiat will protect 95% of speciagith 50% confidence (95:56r median &
percentilg, 95% of species with 95% confidence (95:95), 99% of species with 50%
confidence (99:50r medianl® percentil@, and 99% of species with 95% confidence
(99:95).The estimates are referred to as either acute values or chronic values, depending
on which data set was usda calculate criteria, the median (50% confidend®) 5
percentile is initially reommended because it is the most statistically robust. If there is
evidence that the mediaff' Bercentile may not be sufficiently protective based on data
for sensitive, threatened or endangered species, or fromspatties, ecosystelavel
tests, thehe next lowest estimate may be used for criteria calculation, according to
professional judgment.

3.4.2 SSD procedure

3.4.2.1Burr Type Il SSD (>8 toxicity values)

When the five SSD ecotoxicity taxa requirements are satisfied and there are >8
toxicity values availablethe Burr Type Il SSBhouldbe fit to the datéy following the
SSDproceduralescribed in ANZEC@ndARMCANZ (2000). The Burr Type lli
distribution consists of three related distributions (Burr 1ll, reciprocal Weibull, and
reciprocal Pareto; Burr 1942)ny statistical package that is capable can be used to fit
the distribution to the data (e.®@urrliOZ v. 1.0.13 (CSIRO 2001 he software will
state which of the three distributions best fit the dEtte. median $and %" percentile
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values should bgenerated by the statistical software, or they can be calculated using the
following equations (values should be recorded to three significant figures):

For Burr I

, b
Eq10: PC(q) = T
& L&
@1 Oy
o - I
- g+ l:I
g u

where

PC(q) = the protecting concentration that will protegt of species
q = percenageof species to prote¢e g., to calculatehe 3" percentile setj = 95);
b, candk are fit parameters.

For reciprocal Weibyll (for cases when Kk

Eq1L PC(g) = (- a/In(- q)) ?

wherea and b arefit parameters.

For reciprocal Pabgto (for cases when c

Eq12 PC(q) = %(1- 6)

wherexyandg are fit parameters.

The lower 95% confidence interval should alsahleulated using the BurrliOZ
program (CSIRO 2001) or another capable statistical package. If the statistical package in
use is not capable of generating the lower 95% confidence interval fot émel 1
5"percentile values, the following bootstrappingheique (CSIRO 2001) can be used:

a) Resample the original data set, with replacement, to create a new data set the
same size as the original set and calcul&tent! 3" percentile values from the
new data set. Repeat this resampling and recalculation procedut@@D@imes.
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At least 501 resamplings are recommended (ANZBEEARMCANZ 2000);
fewer will give a less certain estimate; more will give a more certain estimdte
will require more calculation time

b) Order the bootstrapped estimates from lowest to highest (separately fSratne 1
5™ percentile SSD estimates) and select fhpeicentile value; this represents the
lower 95% confidence limit estimate of thi®or 5" percentile of the SSD.

After the F'and 5" percentile values and their associated confidence intervals
have been generated, the fit test described belsaction3.4.2.3should be performed
to check for goodness of fit of the SSD to the data. The BurrliOZ software comes with a
caution that for data sets of eight or fewer toxicity values there will be great uncertainty
in the calculated values. &lsoftware authors provide a procedure to fit aléggstic
SSD to the data instead of the Burr Type Il SSD in such cases. This procedure has been
modified forthe UCDM and UCDSMand is presented Bection3.4.2.2

3.4.2.2Log-logistic SSD (58 toxicity values)

When the five SSD ecotoxicity taxa requirements are satisfied and ther8 are 5
toxicity values available, the leiggistic SSD should be fitted to the dafde log
logistic SSD has a lower kkhood of overfitting data sets of this size because there are
fewerfitting parameters in the cumulative distribution function. It should be noted that
thelog-logistic procedure given below is different than theqadure given in the
BurrliOZ software(see readme filedppendix Q, and the BurrliOZ procedure should not
be used.

A log-logistic SSD can be fit to the data using any statistics package capable of
the analysis, e.g., ETX v.1.3 (Aldenberg 1993), whidoisumented i\ppendix Cand
can be obtained from RIVM by contacting info@rivm.nl. Once the fit parametensd
b) have been determined, the following equation can be used to determine median (50%
confidence interval)land %" percentile values:

Eq13: p =100/(1 + exp(—[In{(x) — a12/5)

where
p = percentage of species unaffected; aetp = 1 to calculate the®percentile;

p = 5 for the & percentile
X = toxicity value(concentration threshold p;
a = sample mean (of Ir));

b =k +s/Cs;

and
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k. = extrapolation constant; dependent on sample size; selected for either median
or lower 9846 confidence intervatstimate (se&able 23 of UCDMFojut et

al.2011; TenBroolet al 2009;

S,= sample standard deviation (ofj)¢ n = sample size;

Cs= constant = 2.9444.

Note: some software, such as ETX v. 1.3, usesjog(place of Ing) in Eq 13
and to calculate and b. If usinga and b calculated from log(), be sure also to use
log(x) in theEqg 13 instead of InX).

The lower 95% confidence intervals of tiéahd %" percentiles can be calculated
using a capable statistics package. If the ETX v. 1.3 software (Aldenberg 1993) is used, it
is capable of calculating the lower 95% confideimterval for the & percentile, but not
for the ' percentile. The latter estimate may be omitted for thddgigtic SSD because
the other three estimates are likely to be more useful because they have less uncertainty.
Alternaively, the bootstrappmtechnique described for the Burr Type 11l SSEBcfion
3.4.2 can be used. After thé'and %" percentile values and their associated confidence
intervals have been generated, the fit test described bekngtion3.4.2.3should be
performed to check for goodness of fit of the SSD to the data.

3.4.2 .3Fit test

The following procedure checks that either the Burr Type 1l ofldggstic SSD
fits the toxicity da&. The BurrliOZ software chooses the best fitting SSD with a goodness
of fit based on maximum likelihood estimatiavhereaghe fit test is a different
approach basl on croswvalidation. The general process of the fit test is that a data point
(%) is omitted from the data set and a distributién)(is fit to that data seThen the
probability of the omitted point is estimated withatdistribution(F_(x)). This is done
for each data point and the combined results for all points in the data egaari@ed for
a significant | ack of fitbeloi ng Fi sher s

The distribution will have been fitted based on a sampiespiecieseach having
onemean toxicityvalue (e.g., LG, EC,, MATC), which can also beeferred to ax
values { e, plottingy vs.X). The type of SSD that was fit to the original data set (either
the loglogistic or Burr Type lll)should be refito the data set thamitsthe point. The
resultingdistribution function is calle& .. Then thgrobabilty of the omitted poin¢x;)
within this distributionis calculated by solving fdf.i(x), whichis also called thg value.
In the BurrliOZ software, after the distribution is refit, the results window allows entry of
a concentrationx() and then prowes the corresponding percentile, solvingFg(x).
There is a similar option in the ETX v.1.3 softwarae distributionF(x) should be
determined for each data pqimthich will result inn probabilities ¥ values).
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Then let

Eq 14 p; = 2+« min(F_;(x;),1 - F_;(x:))

where

pi= p-value, i.e., the probability of obtaining a test statistic at least as extreme as
the one that was actually observed, assuming the null hypothesis is true;

fimino indicates using the minimum of eitheg(x;) or 1i F.i(x).

Next, @ pl y Fi sher 6s c¢ombi -sguated staistic ofthefadm cal cul at e

Eq15: Xz ~ —23i1n(p;)

If any one of the data pointsiissufficiently fitted, then the test is capable of
rejecting the hypothesis that thea@point comes from the fitted distributionOnceall of
thep; values have been calculated, the stpiared statisti(xén) can becalculated. In
Excel the significance of clsquared statistic is calculated with the command:

Eq16: CHIDIST, with the fields X, df)

where

x =—2Ziln(p;);
df = the degrees of freedom wrthe number o values.

The closer the resulting value X3 is to 1, the better the fitwhen theresult for

X3» < 0.05 thereis a significant effect from the substitution and a 95% probability of a
significant lack of fit.If there is a significant lack of fit, thehe data should be critically
examined and checked for muttiodalityas described inegtion3.4.2.3.1 If there is not

et

a significant lack of fit Xz > 0.05), proceed to sectioB.7 for criteria calculation.

3.4.2.3.Reasons for a significant lack of fit

If there is a significant lack of fit of the SSD to the data according to the fit test,
then the data should be examined for ramtidality;, outliers anderrars as outlined in
the steps below. the data set is altered based on this examinatidaria should be re
calculated sing the appropriate procedure for thgiseddataset
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a) Doublecheck the toxicity values to be sure they are not mistakes (i.e.,
typographical or transcriptionatrors) and review the original studies again to be
sure that all test conditions were appropriate. The need to remove outliers is
considerably reduckusing the Burr Type Il distribution with the BurrliOZ
software (CSIRO Biometrics, Campbell et al. 2000). If a fit cannot be obtained
with a larger data set, critical examination of data is emphasized as any one point
outlier that causes the SSD to nbinhayrepresent an extreme difference that is
erroneous (i.e., above the water solubility of the compound or below the
analytical detection limit). lerrors are foundremove the erroneous data from the
data set ande-calculate the criteriagng the remaining data. Removal of data
from the SSD could also be justified if there is supporting information as to why
thepoint(s)does not belong in the same SSD as the remaining data (e.g., a
resistant strain adhe specigs This approach is reasonable beeaas with all
criteria derived from this methodology, criteria will be evaluated to determine if
they will provide adequate protectioge¢tion5).

b) Examine data fomulti-modality.ldentifying multrmodality is only possible with
a large enough data set that each mode could be characterized by multiple toxicity
values. It is extremely unlikely that any SSTT data set would have enough data to
identify multi-modalitybecause SSTT data is so scarce and largely is only
available for two taxa (midge and amphipdddwever, in the case that a large
data setr{ > 8) were available a procedure for examining rrulbidality is
provided:

If a SSD cannot be fit and visual inggien indicates that the SSD is muttiodal
meaning the distribution has multiple peaks in the cumulative frequency
distribution,and this occurs in a justifiable manner (such as by taxa), divide the
data into subsefsuch as vertebrates and invertelspadead use the subset
containing the lowest toxicity values (ANZECC and ARMCANZ 2000). This is
easily done in conjunction with the data plotting step, describsgttion2.6. A
distribution can be fitted to a subset that does not contain the five taxa
requirements, provided that the original data set fulfilled these requirements and
the final subset contains at least five data ppints

C) If the there is still a sigficant lack of fit after checking for muitnodality,
outliers, ancerrors, proceed to sectidh4.2.3.2

3.4.2.3.2Procedure for an unsatisfactory fit

If the data set has been checkecdefoors, outliers, and mukmodality (orthere is
not enough evidence to determine if the SSD is mnuttda), andthere is asignificant
lack offit, then the following options are available:
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a) If there aramore than eighbriginal toxicity data
If there is a significant lack dit to the Burr Type 11l SSD, then the ldggistic
SSD should be fit to the data, and the fit of theltmgstic SSD should be tested.
If the log-logistic SSD fits the data, then it should be used for criteria calculation.
If there is also a significant lacK @t to thelog-logistic SSD, then the AF
methodology gection3.5) should be used to calculate the criteria.

b) If there are 83 original toxicity data

If there & a significant lack dfit to the loglogistic SSD, then the Burr Type I
SSD should be fit to the data, and the fit of the Burr Type Ill SSD should be
tested. If the Burr Type Il SSD fits the data, then it should be used for criteria
calculation. If tlere is also a significant lack of fit to tfsurr Type Il SSD, then
the AF methodologyséction3.5) should be used to calculate the criteria. In this
case it is likely that the data are murttbdal, but there are not enough data to
clearly separatthe bwer subset

3.5 Assessment factor procedwed rationale

When fewer than five data from an appropriate assortment of taxa are available,
the SSD procedure cannot be used for criteria derivation. In such cases, an assessment
factor procedure must be used (section 3.5.2). Background information on the use of AFs
is given in sectioB.5.1s0 that users of the UCDSM can understand how the AFs were
calculated. The rationale for determining the magnitude efsassent factors is
discussed in sectid®5.1.1and the detailed description of how the acute assessment
factorsused in the UCDSM were calculated is given in seciénl.2 Users of the
UCDSM do not need to +ealculate the AFs to use the method, but tteedetion of
how the AFs could be realculated is provided (secti@5.1.9 for transparency and in
the case that more data become availablegriitture, a user may want tocalculate the
AFs. The assessment factors used to calculate criteria in the UCDSM are provided in
Table18 and the proedure to calculate acute criteria using an assessment factor is
described in sectio®.5.2

3.5.1 Assessment factor rationale

Assessment factors are recognized esnservative approach for dealing with
uncertainty in assessing risks posed by chemicals (Chapinahrni998). Assessment
factors (also called safety factors, application factors, extrapolation factors, etc.) are
usually applied to account for a wide rangf possible effects and situations for which no
data exist, including: lack of tests with relevant species, persistence or bioaccumulative
potential of substances, genotoxic potential, laboratory to field extrapolationt@cute
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chronic extrapolation, vations in mesocosm types for multispecies tests, absence of
most sensitive species in multispecies tests, mixture effects, experimental variability, and
lack of data (Fojut et al.201TenBrookandTjeerdema 20Q6TenBrooket al 2009).

Further factors @y be applied in some cases based on the professional judgment of the
risk assessor. In all caséise more toxicity data aw@vailable for species of different

trophic levels, different taxonomic groups, and different lifestyles, the smaller the applied
factor.

An important point to keep in mind for using assessment factors is that
application ofAFs to toxicity data does not quantify uncertainty, ibdbes reduce the
probability of underestimating risland can be thought of as a conservative appraach f
protecting ecosystem healthowever the use of AFs greatly increases the possibility of
overestimating riskwhich can be an important policy considera{i@hapmaret al.

1998. A brief summary of points to keep in mind regarding the use of assedsictens
in criteria derivation is given hefsummarized fronfojut et al 2013 TenBrooket al
2009)

a) Criteria must be protective of aquatic life, and therefore must err on the side of
conservatism when effects data are lacking. When data are lackiaga will
likely represent an overestimation of risk. More data will result in better estimates
of risk, and therefore, better estimates of appropriately protective criteria

b) Assessment factors are used to fill gaps in scientific knowledge and existing
criteria derivation methodologies use standardized factors of 10, 50, 100 and
1000, despite lack of supporting déag., CCME 1995, ECB 2003, USEPA
2003a);

c) Assessment factors are often based on policy rather than empirical science

d) All criteria areextrapolated values, and while those obtained by application of
large factors to small data sets have a high level of conservatism and uncertainty,
it is a policy decision whether or not to use them as threshold yalues

e) The AF procedure in the new methoalgy includes a range of factors and the
factors get smaller as data sets get larger

f) Among the reasons for using larger factors are lack of data, persistence,
bioaccumulative potential, mixture toxicity, and potential for genotoxic effects.
The UCDM and UDSM include other means of addressing bioaccumulative
potential, bioavailability, and mixture toxicity and therefore do not incorporate
these elements into assessment factors.
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The AF procedure used in the UCDSM is the same as the approach used in the
UCDM, which is modeled after the USEPA Great Lakes methodology. This AF
procedure utilizes aqueous exposure data to generate empirically based assessment
factors. These AFs generated from aqueous exposure data will be applied to limited
sediment exposure datets. Applying aqueoudsased AFs to sediment data is not
necessarily problematic, assuming the distribution of species sensitivities is similar in
both agqueous and sediment exposures, and should be more reliable than arbitrary factor
selection. AFs and ACRare not statistically derived from sediment toxicity data because
there is a dearth of sediment exposure studies.

The USEPA has recently begun to explore the use of AFs, also called
extrapolation factors, that are specific to pesticides with a given ofadzion (MOA),
for example, acetylcholinesterase inhibitors (USEPA 2011). This work has identified
that species sensitivity distributions can vary by MOA, and thus result in AFs that vary
by MOA. The USEPA is also exploring ways of refining the AF ddron method used
by Host et al. (1995) so that a complete criteria data set is not required for inclusion in the
AF derivation data set; this would accommodate more pesticides so that robust MOA
specific AFs can be calculated. This methods are still belojged by USEPA, so they
are not proposed for use in the UCDSM. It is recommended that when USEPA finalizes
guidance on deriving MOApecific AFs it should be evaluated to see if the proposed
procedures are appropriate for use in the UCDM and the UCDSM.

3.5.1.1Magnitude of assessment factors

A review of existing methods for SQC derivation revealedriegnituds of AFs
ranged from 11000with little to no justification fothe majority of AFs selectgdrojut
et al. 2011)The UCDsM and UCDM used the procedudescribed by Host et al. (1995)
to deriveacute AFs and default ACRthat are designed to approximate tfiep8rcentile
of the SSD using only pesticide data. Host et al. (188&yed empiricallybased and
theoreticallysupported final acute value facdpas well aglefaultACRs, that wereised
in the Great Lakes methodology (USEPA 2808or the UCDSMacute AFs were
derived from empirical aquatic pesticide effects datb(e15) following the method of
Host et al. (1995). The acute AFs for the UCDSM were calculated with the same data
used to calculate AR the UCDM with the addition opesticidedata forbifenthrin,
cyfluthrin, cypermdtrin, a-cyhalothrin angermethrin.

3.5.1.2Calculation of acute assessment factors

The procedure that was used to calculate theaAFspresentedn the UCDEM
is outlined in this section. The AFs do not need to bzateulated in order to use the
UCDSM, but rather, the procedureoistlined here to provide background information on
the AFs. If in the future more data are available a user would have the optien of re
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calculating the AFs to incorporate this data. However, if a user is simply applying the
UCDSM to calculate BSQC, the medure to do so using AFs is given in the section
3.5.2

As noted above, the procedure described by Host et al. (1995) was used with
aguatic pesticide data tterive pesticidespecific acute AFsTheprocedure used in the
UCDSM (and UCDM) differs from what is described by Host et al. (1995) irotiigt
pesticide datés usedvs. all kinds of contaminants) and Burr Il or Hagistic
distributions (vs. logriangular distributionsyre usedThe only pesticide data available
were for organic insecticides, but the AFs may also be relevant to herbicides, fungicides,
mulluscicides, and miticides, because some of these types of pesticides exhibit similar
propertiedo insecticides. Athis point it is only possible to derive acute (vs. chronic)
factorsbecausdull data setsre required for several compounds to use the procedure. It
was not possible to calculate AFs with spissdiiment toxicity test data becausedata
sets were identified that were large enough to fit a SSD to; instead aqueous exposure data
was used with the idea that SSDs for pesticide are expected to be similar for (epi)benthic
organisms and those that reside in the water column (Di Toro2&0d). The goal of
applying an AF is to estimate th8 percentile of the SSD for a pesticide when there is
not enough data to fit a SSD, so the assumption that the SSDs of benthic and water
column organisms is key to the AF procedure of the UCDSM.

The goal ofan AF k to estimate a™percentile value whedata forfewer than
the five required taxare available. The magnituslef the AFs need to be set to achesv
this. To accomplish thishie AFs were used as divisors for the lowest value in data
subsets contaiimg 1-5 toxicity values. As peHost et al. (1995)he following procedure
was applied to each individual pesticide data Fablgel15):

a) Ninety-nine (99 subsets ofive toxicity values were randomly selected with the
restriction that the first value had to be fdsemnthic crustacea These organisms
were required because they #re most relevant for sediment criterizach
successive sample had tofilla different requirement in the SSD minimum data
setof the UCDM, which are 1) a benthic crustacean; 2) the family Salmonidae; 3)
a warmwater fish; 4) a planktonic crustacean, of which one must be in the family
Daphniidae in the genu3eriodaphnia Daphnia Simocephalusand 5) an insect
(TenBrook et al. 2010)The selection of which family to use for the second and
subsequent toxicity values in each subset was made randomly;

b) For each subset dive toxicity values, subsets of4 toxicity values wee also
createdby subsampling the original 99 subsets of five values. fEsigledin a
total of 495subsets of -b toxicity valueqi.e., 99 subsets of 5 values, 99 subsets
of 4 values, 99 subsets of 3 values, 99 subsets of 2 values and 99 subsets of 1
value)
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c) The lowest acute value in each subset of sigadxicity values was used as the
numerator for calculating the assessment factor;

d) Each of the 9%ive-samplesubsets was used to generdi@8rcentile valuesf
whichever SSD was used on the oraidata set (Burr Type Il or the leg
logistic)following the procedures isection3.4;

e) The geometric mean of the 99 percentile values was used as the denominat
for calculating the assessment factor;

f) This procedure yielded @%s for each subset size;
g) The 95" percentile of the 98\Fs was determined for each subset size.

This procedure was followed for aldrinifenthrin,chlordanechlorpyrifos,
cyfluthrin, cypermethrin DDT, diazinon dieldrin, endosulfan, endrin, heptachler,
cyhalothrin lindane, permethrinandtoxaphendor the UCDSM Atrazine was not
included in theJCDM data sebecause the data was from a draft document, and it was
also excluded from the UCDSM data.detazinon was not included by TenBrook et al.
(2010) becausthe USEPA data set was bimodal and the Burr Type 11l SSD did not fit
the data set. Diazinon was indkd in the AF recalculationfor the UCDSMusing the
diazinon data set gathered using the UCDM, which did have a satisfactory Burr Type llI
SSD fit(Palumbo et al. 2012)

In accordance with USEPA (2083 95" percentile factors (from step above)
for all pesticides were compiled and the median of those factors for each subset size was
selectedasthe summary assessment fadwrthe UCDSM(i.e., asinglefactor to apply
to anypesticide;Table16). The summanAFs for each sample size are showiT able
17 along with the estimated"percentile toxicity values obtained for egusticideby
dividing the geometric mean lowest value for each subsamplégibe summanAFs.
The geometric mean lowest value for each subsample size was not equal to the lowest
value in the data set, because the subsamples were randomly seleclieidnand
necessarily contain the lowest value in the overall data set. The lowest value varied
among the 99 subsets within each subsample size, which is why the geometric mean of
these values was calculated. The geometric mean lowest values for each kubzamp
are not reported ifiable17, but can be simply baetalculated as the mediali 5
percentile multiplied by the appropriate AF for reference.

The estimatedhedian &' percentile values iffable17 were compared to the
lowest values from the full data sets to check that the values estimated using AFs would
be protective bthe most sensitive tested species. 3imamary AFsproduced an
estimated % percentile value that isqual to obelow the median"percentile value
determined from applying the SSD procedure to the full daia sditbut two caseshe
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two exceptims were both less than a factor of 1.5 higher than the meBiperéentile

and would both result in criteria lower than the lowest value in the data set. Thus,
additional safety factors are not recommended for deriving criteria based on one datum,
as wa done in the UCDM. The final summary assessment factors are given in Table 18.

3.5.2 Assessment factor procedure

If data requirements for the SSD procedarenot met or an SSD cannot be fit,
theassessment factarethodis used to derive criterighn AF is u®d to estimate the
median ' percentile, which is referred to as the acute value, by divitimépwest
species mean acute value from siceeptablelata set byhe appropriate ATable18).
The magnitude of thAF is dependent on the number of data requirements met, and at
least one of the available, acceptable data muatid@sthic crustaceaar a criterion
cannot be calculated. Each of the additional data saiistfy adifferentrequired taxorof
the SSD methodséction3.4.]), such that each additional value is building toward
completion of the minimum SSD data seteTsultingacutevalue represents an
estimate of the mediaf"®ercentile value of the SSD, which can then be used to
calculate the acute criteripwhich is described in secti@?.

Eql7: Acute value = lowest value in data/sssessment factor

Becausehe assessment factdrave beerormulated with data from organic
insecticidesthese factorsouldalsobe relevanfor some molluscicides, miticidesd/or
fungicides which exhibit similar propertiegTenBrook et al. 2010Metalbased
pesticidesvere not included in the derivation of the AFs, and therefore it is not known if
the AFs will give reasonable estimates of #iepercentile for these compoundde AFs
in Table18 canbe updated and fealculated as more criteria are generated. Data sets that
meet the five SSD taxa regeiments may be added to the current data set in order to
calculate new AFs.

3.6 Acuteto-chronic ratios

If at least five chronic data are available from five different families, the SSD
method should be used to derive chronitecia. Chronic ecotoxicity da&erarely
available; thus an acute-chronic ratio is needed to extrapolate chedoxicity from
acute data. AMCR is calculated by dividing an acute value (LC{g®y a chronic
value (e.g.EC,, MATC). Appropriate paired data to compute ACRsaete and
chronic toxicity valueslerived from the same test, or from tests conducted by the same
laboratory under identical conditions (USEPA 1985; 200Bnere are three basic
approaches to deriving ACK$enBrook et al. 2010)) derive chemicaspecifc,
multispecies ACRs using acute and chronic values derived from the same tests
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(ANZECC andARMCANZ 2000; USEPA 19852003); 2) derive chemicaspecific,
multispecies ACRs using available chronic data, combined with one or more default
ACR values(USEPA2003) and; 3) usadefault ACR. It is preferable to use ACRs
based on experimental data when available. When sufficienadatat available to
calculate a&hemicalspecificACR, a defaulACR isused.

The UCDM provides a stepwise procedure to deteerthie ACR depending on
data availability and is appropriate for incorporation into the UCDSM to extrapolate
acute effects concentrations to chronic effects levels. Chronic criteriarétatculated
using an ACR must be checked against available chveatieronly and sediment
toxicity data to ensure adequate protection.

A review of the literature uncovered only oc88TT-based ACHor cypermethrin
andC. dilutus (formerly C. tentang that was determined to la@proximately {Giddings
et al. 2006)Giddings et al. (2006) calculated this ACR based on data freada¥Q.Gs,
of 290ngy/g and a 6@lay NOEC of 39ry/g for growth, reproduction and emergence (the
three endpoints resulted in identical toxicity values). These studies were conducted using
standard mtocols and approved spiking procedures that include applying the chemical to
sand and evaporating off the solvent before mixing with natural sediment and
equilibrating for at least 4 weeks. From the Giddings et al. (2006) data sets, other ACRs
could alsabe calculated using different toxicity values, for example, using tke 60
MATC for growth or reproduction of 5@g/g as the chronic value instead of the NOEC
would result in an ACR of approximately 5. An &@r growth of 220ng/g was also
reported thatould serve as the acute value in the ACR calculation, if used with the 60
day MATC for growth or reproduction of 5W/g as the chronic value would result in an
ACR of approximately 4Until more acute and chronic SSTT data are available for a
variety ofspecies, ACRs based wmateronly exposure concentrations are recommended
for calculding chroniccriteriafrom acute data as discussedaation2.2.2

3.6.1 Multispecies ACR based on measured data

The UCDM giidance on ACR derivatioris based on that provided in detail by the
Great Laks water quality guidance document (USEPA 2803 he procedurér
agueous exposuresquires acute and chronic data from orgjaus in at least three
different familiesthatinclude afish, an invertebrate, and at least one other acutely
sensitive species. ifisufficientfreshwater datare availableo fulfill the ACR data
requirements, saltwater species may be ussfdeshwaéer and saltwater ACRs have
been shown to be comparable (USEPA 198bjs approach has been accepted in
numerous water criteria derivations (SiepmandFinlayson 2000; USEPA 19808, c,
d, 2003, 2005a).To adapt these requirements to sediment expgaet) CDSM
requires acute and chronic data from organisms in at least three different families of
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benthic organisms, but particular taxa groups are not specified, and saltwater data for
benthic species are also acceptable. In reality, because SST Tedswesaarce,

particularly for chronic exposures, this procedure is unlikely to be used and default ACRs
will be employed. However, in the case that such data are available, the guidance
provided by USEPA (1985) has been adapted for sediment and are etbbeiitw.

Foreach chronic valueEC, or MATC) having at least one corresponding
appropriate acute value, an ACR is calculated by dividing the geometric mean of all
acceptable acutexicity values (in the case that multiple acute tests were conducted in
one study)y the chronic value. For all species, the acute test(s) should be part of the
same study and use the same dilution water or sediment as the chronic test. If acute tests
were not conducted as part of the same study, but were conducted asmhfteoént
study in the same laboratory and sediment, then they may be used. If no such acute tests
are available, results of acute tests conducted in the same sediment in a different
laboratory may be used. If no such acute tests are available, an AGR@&culated.

The ACR calculation procedustepsdescribechereshould be followed in order.
The species mean actttechronic ratio (SMACR) is calculated for each species as the
geometric mean of all ACRs available for that species. For some matieasCR
seems to be the same for all species, but for other materials the ratio seems to increase or
decrease as the SMAYV increases. Thus the multispecies ACR can be obtained in one of
three ways, depending on the data available:

a) If the SMACR seems to anease or decrease as the SMAVSs increase,
calculate the ACR as the geometric mean of the ACRs for species whose
SMAVs are close to the acut® percentile valugthis includes species whose
SMACRSs are within a factor of 10 of the SMACR of the species whos
SMAV is nearest the"5percentile value)

b) If no major trend is apparent and the ACRs for all species are within a factor
of 10, the ACR is calculated as the geometric mean of all of the SMACRs

c) If SMACRs are less than 2.0, apdrticularly for SMACRdess than 1.0,
acclimation has probably occurred during the chronic test. In this situation, the
final ACR should be assumed to be 2.0, so that the chronic criterion is equal
to the acute criterion.

If the available SMACRs do not fit one of these cases, use the procedure
described irsection3.6.2to derive an ACR based partially on measured values and
partialy on defaultvalues.This procedure generally applieghi data requirements of
this section cannot be met, or if the ACR cannot be obtained by one of matiodisc
above.
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3.6.2 Multispecies ACR based on measured and default values

If insufficientdata ae available for calculation of an ACR according to the
procedure irsection3.6.1, the ACRcan be derivedly calculating the geometric mean of
any availableexpermentalACRs, plus enough default ACRs of 11.4 (described in the
next section) to give a total of three ACRs (USEPA 2p0Bor example, if no
experimentaACRs are available, three default AC&tsuld beused. If two
experimentaACRsare availableone déault value issufficient to make up the total of
three ACRs

3.6.3 Default ACRs

The default ACR used in the Great Lakes guidance was recalcfdatbe
UCDM to include only pesticide data from Hagdtal (1995),datafrom the California
Department of Fish ahwildlife (CDFW) diazinon criteria documeng{epmann and
Finlayson2000) and a new chlorpyrifatata se{TenBrooket al 2010). For the
UCDSM, ths data setvas expanded to include pyrethroid data (cyfluthnda-
cyhalothrin Table19) and the CDFW diazinon data was replaced with UCDM diazinon
data (Palumbo et al. 2012)he default ACR was calculated as th& @ercentile of all
of the chemicabpecific ACRsthe Great Lake guidance uses th& pércentile to
determine the default ACR and this percentile was also adopted for the UCDM and
UCDSM (Host et al. 1995).His data seproduceda default ACR of 11.4which comes
with the same caveats presented inWDM: 1) if data sets collected accordinghe
UCDM or UCDSMlead to different ACRs, those valugsouldbe substituted into this
table and the default ACshould beecalculatedespecially if it can be calculated based
on SSTT data2) if previously c&ulated ACRs are shown to be invalid based on data
sets collected according tile UCDM or UCDSM then those values should be removed
and the default ACRhould beecalculated; and 3) if additional pesticide ACRs become
available, the default ACR shoube recalculated (TenBroak al 2010). In any of these
events, the default ACR should be recalculated as thp@@entile value of the new set
of ACRs. Any future revisions of the value should start withAICRsin Tablel18.

The defaultACR wasformulated with data from organic insecticides and thus,
could be relevant to some molluscicides, miticided/orfungicides that have similar
properties. Thelefault ACRwas not derived with any data foretatbased pesticideso
it is not known if using the default ACR for these compounds would give reasonable
estimates of the chronic toxicity
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3.7 Final criteria calculations

3.7.1 Acute and chronic criteria calculations

Acute crieria are derived using Egor LCso data, while chronic criteria are
derived using=C, or MATC data. To calculate an acute criterion, an acute value
derived from an SSD or ARvhich is an estimated percentile of the true distribution. The
recommended aite value is the'Bpercentile value at the 50% confidence value, but
other acute percentiles can be used if other ecotoxicity data indicate that the criterion
calculated with this percentile is not protective. The acute valdiwided by a safety
factar of 2 because a 50% effect is not acceptable s@fety factoof 2 was originally
calculatedacross219 acute aqueous toxicity tests with various chemicals, which showed
that the mean concentration that did not cause mortality greatehth@mtrol was 0.44
times the LGy (USEPA 1978) The inverse of 0.44 (2.27) was rounded to 2 for use in
EPAWQC derivation methods (USEPA 1985, 2@R3The chronic value from either a
SSD oranAF isused as the chronic criterion. The criteria can be expressed@€+the
normalized sediment concentration (engy/g OC), the DOhormalized interstitial
water concentration (e.gg/g DOC), or the freely dissolved interstitial water
concentration (e.g., ng/L).

For the acute criterion:
Eq 18 Acute criterion = acute vali@

The recommended criterion ={Bercentile value at 50% confidence lei2l)

For the chronic criterion:
The recommended criterion £ Hercentile vale at the 50% confidence level

Alternatively, more conservativ@iteria may be derived from other percentile or
confidence levels.

The number of significant digits in the final criterion should be consistent with
known variability in the calculated criteria. Calculated criteria should not be expressed
with more signifcant figures compared to the original toxicity data. If using the median
estimate as the criteria, the 95% confidence limit can be used as a guide. The digit in the
median estimate that is different from the 95% confidence Vinlitindicate the last
significant digit. Also, the B percentile values generated from omitting data sets during
the fit test gection3.4.2.3 can be used to estimate the unceryaimthe calculated
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criteria. The last digit that is relatively variable among these estimates indicates the last
significant digit.

If toxicity is quantitatively related to a water quality paraméter, pH,
temperature dependenc®llow procedures isection4.3for appropriatecalculationof
the criterion. Criteri@houldbe checked against the individual toxicity values in the data
sets used in the SSD, to ensure protection of all represented species.

3.7.2 Averaging periods

Criteria derived according to any of the above methods are stated in teimas of
magnitudeof a chemichthatmay bein the bioavailable fractiowithout causing harm,
but without consideration dhedurationandbr frequencythat thislevel may be
exceeded without harm. Secti8rv¥.3addresses the frequency component. This section
explores the question of duratiofhe goal in setting aaveraging period cgxposure
duration is to choose a duration long enough that toxicity might occur due to an
exceedance arghort enough that the effects of concentration fluctuations on the average
concentration are minimized (TenBrook et al. 2010).

Ideally, data or models that could account for various exposure durations would
be available to determine criteria complianced@iven set of samples. This would
account for both exposures of constant concentrations and pulse exposupegeiiae
arederived from studies conducted under constant exposure scehatids not account
for the possibility of pulsed, or otherwisaeven, exposurellew inputs from storm or
irrigation events, degradation or dissipation, or transformation due to biologic activity in
the sediments are some of the reasons that sediment exposures teuserpeiticides
may be uneverlime-to-event nodels could potentially provide a way to express criteria
for any given exposure duration, lmutch models are not currently feasible for use in
criteria derivatiorand will not likely be feasible in the future, given that time course of
sediment toxicity has not been evaluated in past studies and will not likely be evaluated
in future studies

Because neither data nor models are currently available to account for various
exposure durations for criteria compliance, the following types of information were
reviewed in the literature to inform the selection of averaging periods: 1) concentration
fluctuaions in field sediments and interstitial water, 2) degradation rates in sediment, 3)
differences in durations and concentrations causing mortality and sublethal effects in
spikedsediment toxicity tests, and 4) life cycles of benthic organisms.

Fojut et & (2013) noted in their review of sediment quality criteria derivation
methods that none of the existing methods discussed the duration component of the
criteria. One explanation for this was that sediment contaminant concentrations are
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expected to be ratively stable over time, with constant chronic exposures (USEPA
2003c, d). This explanation may be true for legacy compounds, such as the
organochlorine pesticides, but is not necessarily true for ctusenpesticides, which

tend to be less persisteBpatial heterogeneity is also a critical factor in exposure; if

there are differences in concentration on a microscale important to the organism, this
factor will affect exposure more than the persistence of a contaminant in a fixed point.
Thus, the liteature was surveyed to determine the timescale on which cuisent

pesticide concentrations fluctuate in sedimentsiataastitial water and the spatial
heterogeneity of pesticide concentrations in sediments and interstitial water. In the field it
is difficult to determine whether concentration changes over time are due to degradation
and/or new inputs, or whether they are simply caused by spatial heterogeneity.

Several studies analyzed sediments from an individual site on a biweekly to
guarterly basis ahdemonstrated that concentrations of curtesg pesticides, such as
pyrethroids, organophosphates, and herbicides, vary significantly on these time scales,
but the cause of variation cannot be clearly identified (Domagalski et al. 2010; Long et al.
1998;Moore et al. 2002; Phillips et al. 2012; Weston et al. aD0Bor example,

Domagalski et al. (2010) reported bifenthrin sediment concentrations from an agricultural
creek (Hospital Creek, California) varied by a factor of 5 between samples from July and
September. When these concentrations were converted to toxicity units (TUs) based on
10-day LGsgs for the amphipo#ilyalella aztecathe TUs varied by a factor of 3.9. They
reported that pyrethroid detections in sediments and their concentrations were highly
variable and that these changes might be attributable to new pesticide inptts or re
suspension and deposition from previous i@pgibns, as well as degradation processes.
Domagalski et al. (2010) collected integrated samples over-enl@adch, and the

variation in concentrations may in part be due to spatial heterogeneity of pesticide
deposits within each reach.

Weekly sedimensampling was conducted from June to September 2003 in
several creeks and ditches in an agricultural area (Monterey County, California) where
flows are dominated by agricultural field runoff (Kelley and Starner 2004, Starner et al.
2008). In this study, pethroid sediment concentrations were relatively stable and
typically fluctuated by less than a factor of 2 from one week to the next, when they were
detected. However, there were three occasions in which the pyrethroid sediment
concentration changed byfactor of 24 from one week to the next. These larger
fluctuations were likely the response from recent field applications to crops, unrelated to
storm eventdMonthly or biweekly sampling of pyrethroids in sediment from two
California agricultural creek@®el Puerto and Orestimba) conducted from December
2007June 2008 showed similar concentration fluctuations of a facteddietween
sample dates (Ensminger et al. 2011). When these sediment concentrations were
converted to TUs based on £ forH. azteca, the TUs ranged from <15 over the 7
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month period, emphasizing the large range of potential sediment toxicity over this
relatively short time scale. Again, it should be emphasized that the causes of variations in
sediment concentrations over time mayact be due to spatial heterogeneity, and not
accumulation or degradation processes.

Interstitial water concentrations of pesticides have not been widely monitored in
the field and there is limited data to survey. Physicochemical parameters including
patitioning coefficients and solubility, as well as environmental conditions, will govern
equilibration times between sediments and overlying or interstitial water, and highly
hydrophobic pesticides will have longer equilibration tinre8 days). Thus, ietstitial
water concentrations may vary with contact time, particularly for compounds with large
partition coefficientsBondarenko et al. 2006%ediment and interstitial water samples
from the San Diego Creek watershed, California were analyzed fohpjickt in the wet
(April-May) and dry (August) seasons of 2005 (Budd et al. 2007). Concentrations in both
matrices varied widely, with interstitial water concentrations differing by up to a factor of
20 when detected, and ranging as widely as31.2 ng/Lat an individual site. These
differences likely reflect the heterogeneity of the sediments and the streambed. In the
same study, the G@ormalized sediment concentrations differed by up to a factor of 10
at an individual site. In a study in the SalinagdRj California, chlorpyrifos
concentrations measured in interstitial water followed the same trends as chlorpyrifos
measured in the overlying water (Anderson et al. 2003). Other studies have also shown
correlations between interstitial water and overlywaer concentrations, indicating that
bioavailable concentrations of currarge pesticides are not constant and fluctuate
similarly to water column concentrations (Giesy et al. 1999, Bacey et al. 2004).

Degradation rates of currense pesticides are ved, with halflives ranging
from days to months to years, and are particularly dependent on whether environmental
conditions are aerobic or anaerobic (Bondarenko and Gan 2004, Nillos et al. 2009, Qin et
al. 2006).Compounds that degrade very quickly-& 3 days) are less likely to be
identified as pesticides of concern in sediment, but if criteria were derived for such a
pesticide, the degradation rate may be considered when determining the final criteria
statement with clear justification if any adjustm is recommended. However, many
pesticides have relatively constant sources in the Sacraf8antdoaquin watershed that
may negate the effect of degradation, particularly those used in urban and residential
areas because those uses are less seasamalghcultural uses.

Spikedsediment toxicity testing has demonstrated that various invertebrate
species experience mortality and sublethal toxic effects due to sedissadiated
pesticides in the standard test duration of 10 days. In one studg @stilutusandH.
azteca growth NOECSs for nine pesticides were approximately one half of theyr LC
values in 1eday exposures (Ding et al. 2011). Maul et al. (2008) examined lethal and
multiple sublethal endpoints in spikeddiment toxicity tests wit@. dilutus (formerly C.
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tentang and four currentise pesticides, as well as two pesticide metabolites-dag0
exposures. The most sensitive sublethal endpoints were related to growth and immobility
and were up to a factor of 9 lower thansk<for a gven constituent. There are few

pesticide SSTT data available for other taxa, such as amphibians or fish, but other types

of studies indicate that these taxa are sensitive to pesticides (Hayes et al. 2006, Wojtaszek
et al. 2005).

The standard *day exposur duration in spikedediment toxicity testing
presents a conundrum because it is typically thought of as an acute test, but the duration
may be a significant portion of an organi smo
2013). The goal of acute critaris to protect against adverse effects due to chemical
concentrations that occur on a short time scale, which is defined as a duration that is not a
significant portion of an organismdés | ife cy
againstadvess ef fects due to exposure over a sighni
cycle. For many invertebrate species 10 days is a significant portion of their life cycles,
which are one month or less for many benthic organisms (ASTM 2013, Dussault et al.
2008, Phillips et al. 2010, Tassou and Schulz 2012). The 10 day duration appears to be
somewhere between a shtmhe scale and a significant portion of the life cycle for many
benthic invertebrates, thus, not particularly veelited for derivation of either e of
criteria, yet 16day toxicity values constitute the vast majority of the few available SSTT
data for pesticides. If the goal is to use SSTT data to derive the criteria;diag tiGta
must be used and it would be an oversight to ignore either thtalityoor growth
endpoint. Chronic data are sparsely available, in part because standard guidance has only
been developed for a few test speclésgztecalC. dilutus ASTM 2013). These SSTT
methods measure growth and/or reproductive effects and hawsuegmlurations
ranging from 28 to 42 days, but they are still considered in the development phase and
are not yet considered standard protocols.

Considering all of the above factpmscludingavailable data and standard test
methods, the UCDSM proposed@day averaging periofibr acute BSQC and a 28y
averaging period for chronic BSQThe authors recognize that there is no information
available to know whether acute effects occur on a shorterstiale than 10 days and
the potential magnitudes of meentrations that could cause them. Because standard acute
test methods have dday exposure durations, it is unlikely that more information on
acute effects from shorter duration exposures will be generated in the near future. In
reality, environmental matoring for compliance is typically performed monthly or even
less frequently, and in these cases, the chronic BSQC will need to be protective of both
acute and chronic environmental exposures.

66



3.7.3 Allowable frequency of exceedance

In setting an allowable fopiency of exceedance oB&QC the question is how
much time it would take for organisms at various organizational levels to recover from
pulseexposures to contaminani@®nBrook et al. (2010) conducted a thorough review on
this subject and concluded then allowable frequency of exceedance of three years
should allow for full recovery of aquatic ecosystems from the effects of an excursion
above criteria and the following is a brief summary of this review. It aptieatrs
ecosystem recovery from pulsep@sures generally occurs in less than three years, and
often in less than one ye@fountand Niemil990). Species that are slowest to recover
are those with the longest life cycldgl.ost ecosystems are able to recover from
disturbances in less than three years except in casestiwbplg/sical habitat was
altered, the system was isolated, or residual pollutant remgiiehi et al.1990). The
majority of reviewed studies that consi@®@mmunity, population, or specitsel
effecsindicate that recovery occurs in three years or less. Based on this oé\oeer
30 studiesthree years between exposure events should allow full recovery from effects
of an excursion abovBSQC This isin agreement witthe UCDM andJSEPA WQC
methodologiesSEPA1985 2003a). The UCDSM includes a statement B&QC
exceedances shouhbt occur nore than once every three years.

4 Water quality effects

4.1 Bioavailability

Bioavailability is directly incorpated in the UCDSM by usingjtherthe freely
dissolvednterstitial water concentratip the DOGnormalized interstitial water
concentrationpr the OGnormalized sediment concentratitanderive criterigor a wide
range of sediment types. The rationaethe bioavailability approach 8SQC
derivation is discussed sectionl.2.3

For compliance monitoring, the same types of concentrations should be used to
compare field measurements to BSQ@C-normalized sediment concentratipBOC-
normalizednterstitial waterconcentrationghe freely dissolvethterstitial water
concentration, othe bioaccessible concentratidholeinterstitial wateror wholedry-
weightsediment concentrations are not recommended for compliance monitoring for
hydrophobic compounds (Id§ow> 3) because sorption to DOC or TOC will likely
overestimate the bioavailable fraction. Measupegticides in interstitial watés not a
common practice in environmental monitoring, so it is likbgt most monitoring data
will consist of sediment concentrations. If sediment samples are analyzed for pesticides,
the sediment OC content must also be measured so that the dry weight sediment
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concentrations can be G@rmalized. It is not appropriate to compare-ahgight
sediment concentrations to @©@rmalized BSQC.

4.2 Mixtures

As recommended in Phase | (Fojut et al. 20t1,UCDSM includeshe
concentratioraddition model for pesticides wigimilar modes of actiofPlackettand
Hewlett 1952) and the nesdditive interaction model for chemicals that display
antagonistic or synergistic interactioffsnney 1942). Two approaches to using the
concentratioraddition model are presentedsectiord.2.1and he noradditive
interaction model is presentadsectiond4.2.2. Theapplication of all of these mixture
models requires that each pesticide that is considered in the model has a BaQ&kic

4.2.1 Additivity T compounds with similar modes of action

The concentratioaddition model can be used for mixtureshilarly-acting
pesticides. The toxic unit approaishrecommended for estimating the combined toxicity
of compounds with the same mode of actibime toxic unit (TU) approachas been
described by Papeindstrom and Lydy (1997), and this approach adapted to
determine criteria compliance by the CRWQCBR (2011)as follows:

3 in:l% <1.0
Eq19: i

where:

Ci= concentration of toxicamt(in sediment omterstitial watey;
O = interstitial waterquality objective/dterion for toxicant (in the same matrix &3)).

This approach is also adopted for the UCD®M long as the sum is < 1.0, the water
body is considered to be in compliance with respect to the mixture.

4.2.2 Non-additivity

Chemical mixtures may display na@aditive toxicity in the form of either
antagonistic or synergistic effects. This indicates an interaction between chemicals such
that the response observed for a mixture is either less than (antagonism) or greater than
(synergism) that predicted by additivity models. The concept of synergy is often used in
reference to cases where one chemical present abriznconcentrations increases the
toxicity of a second chemical, but it can be applied to mixtures in which bethichls
are at toxic levels. MandLeBlanc (2004) utilized the coefficient of interactidf) ¢o
define this relationship. First described by Finney (1942), the basic equation is:
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_ EC50,
Eq 20 " ECSO,

where:

Kx = codficient of interaction at synergist/antagonist concentratjon

EC5Q = EG; of chemical in absence of synergist/antagonist

EC5Q, = EGsp of chemical in presence of synergist/antagonist at concentsation

When a measured concentration of a chemical is multiplid€, fiyr a given
concentration of a synergist/antagonist, ibgultis an adjusted, or effective,
concentration of the chemidal presence of the synergist/antagarii$athematically,
this is expessed as:

Eq2L Ca= Cn(Ky)

where:
C,= adjusted, or effective, concentration of chemical
m = measureadoncentration

For application to compliance determinati&u 21 can be used to determine the
effective concentration for comparison to B8QC Additionally, theeffective
concentration can be used in the compliance model for additivity describeciam
4.2.1(Eq19). The difficulty is in determination of an appropridtevalue. Although,
logistic functions have been used to describe the relationship betwednes and
piperonyl butoxide (PBO) concentrat®(Rider and LeBlan005),K values derived in
that manner are not genbyaapplicableto a wide range of pollutants or species

As discussed in the UCDNEquation22 can be modified, in theory, for mixtures
containing both synergists and antagonists, or multiple synergists/antagonists (TenBrook
et al 2010):

Eq22 Ca= Cr* (KiKa.. Ky)

where:
K, Ky, Kn=Kval ues for synengist/ antagoni st 1,

It is cautioned that therrorof the adjusted concentration will increase as nkore
values are strung together, and as a result, this approach should not be used for
compliance determination, but may be used to assess research needs.
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4.2.3 Combined models

Environmental samples are usually complex mixtures and the models discussed so
far applyto only one type of mixture effect. Combined mixture effects models account
for additivity with similar modes of action, additivity with different modes of action, and
interactiors leading to synergism or antagonism. A modak developethat combines
corcentrationraddition and responsaddition models, including an interaction component
(OlmsteadandLeBlanc 2005Rider and LeBlanc 2005

e a

1 1

1 1

o1 [

R=1- O\ i1- 11 (i

1 1+ "I\

i a.. k. (cyzcd'i

R

Eq23: ! ¢ Ty
where:

R = response of the mixture (percent of individuals responding);

N = number of cassettes (cassette = group of chemicals of similar mode of action);
| = 1" cassette;

n = number of chemicals;

i =i chemical;

ka, i = interaction coefficient for chemical(synergist/antagonist) interacting with
chemicali;

C, = concentration of chemicalin the mixture;

Ci = concentration of chemicaln the mixture;

EC5Q = ECs, for chemicali alone;

ro = average p onmsponseCcwsvesopchemicalsiingstba s e

A thorough discussioregardinghe use othe combined toxicity model in WQC
derivationwas provided by TenBrook et al. (2018Yyiefly, the model integrates all
aspects of mixture toxicity, but can only be applied to one species at a tinmigkltthe
model could be adapted to determination of criteria compliance, it may not be possible to
derive a reliable mukspecieK value. The concers that sinc& is a mechanism
dependent valuehe assumption ai common value across spedgsquivalent to
assuming similar toxicity mechanisms across species (TenBrook et al. 26Byodk
et al. concludethat before it can be used for compliance assessment, theaRdler
LeBlanc (2005) modaieeddo be validated for use across species. Han& values
for individual species could be used to assess the potential harm freadditine
toxicity on a species by species basis (TenBrtad 2010).
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4.2.4 Summary of mixtures

The concentratioaddition model and the neadditive interaction model are
included in the UCDSM. The nesdditive interaction model is presented with the caveat
that it can only be applied in cases where a valid coefficient of interaktjos &vailable
(either a multispeciels value, or individual specids values). WithoutmultispecieK
values, this technique should not be used to assess complian&S@iG) butK values
for individual species could be used to assess the potential harm freadditine
toxicity on a species by species ba$ise application of all of thes mixture models
requires that each pesticide considered in the model has a nB8&{C

4.3 Environmental factors affecting toxicity (temp, pH, etc.)

Environmentaktonditions, such as temperature, can significantly affect the
toxicity of pollutant chemicalen living organismsAs such, relevargnvironmental
characteristicshould be included in ecological risk assessmehte UCDM provides a
procedure t@ssess the toxicity of two or more species has a similar relationship to the
water quality charaetistic tested€g., temperature, pldependencdJSEPA 1985
2003a).To apply this procedure to the UCDSM, SSTT data at both standard and non
standard conditions for two or more species would be required. The UCDM also provides
a procedure to recalculatiexicity values from testsonducted under nestandard
conditionsto transform them to standard conditions so that these recalculated values
could be added to the acceptable data set, in the case that a statistical relationship
between toxicity and a watguality characteristic is demonstrated. Neither of these
procedures is described in any more detail the UCDSM because it is very unlikely that
the data necessary to determine a statistical relationship between toxicity and the water
guality parameter wdd be available. However, if such data were available, the
procedures are appropriate to Bpjp SSTT data, and secti@b.30f the UCDM can be
consulted to examine these relationships (TenBrook et al. 2012).

5 Comparing derived criteria with ecotoxicity data

A comparison must be made between the derived criteria and acceptable
ecotoxicity data values to ensure protection of sensitive species, threatened and
endangered species (TES) and the ecosystem as a Whindetoxicity values indicate
that the criéria may not be protective of all species, then downward adjustment may be
recommended. Guidance on downward adjustment of criteria is given in $eétitn
sedment concentrations and aqueous concentrations are being compared, refer to section
Error! Reference source not found.to convert between the two media.
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5.1 Sersitive species

The BSQC should be compared to all toxicity values that were rated as acceptable
(RR) or supplemental (RL, LR, LL) to ensure that the criteria are protective of the most
sensitive species in the data s#tany toxicity values are below ¢hderived criterion,
the criteron could be adjusted downward to be protective of the most sensitive tested
species (see secti@mb).

5.2 Threatened and endangersplecies

Threatened and endangered spewiag beparticularly sensitive to stressors in
the environment, thus it should be ensured B&Cwill be protective of these species.
TES typically have a limited rangiausin settingBSQCfor the Sacramento drSan
Joaquin River basinsr any specific areanly local species should be considered. There
are various benthic organisms currently on@mwd=W list of TES, including eight
crustaceans (CDWF 2013), which could potentially be affected by sediment
contaninants.Generallyfew SSTT datareavailable, and toxicity data for TES are
likely to be even scarcethusbeing able to predict toxicity values for TES would be very
valuable. Unfortunately, interspecies correlations based on surrogate species have not
been developed for sediment toxicity, as they have for aqueous toiioigy be
difficult to incorporate specific procedures to ensure protection of benthic TES at this
time because of the few toxicity data likely to be availabd@vever,anyavailabe TES
data should be used to evaluate the derived criteria to assess protection of listed species.

The UCDM provides a framework to evaluate both acute and chronic TES
toxicity data against the derived acute and chronieria and this procedure asloped
in the UCDSM. The procedure is detailed as follows (TenBeiak.2010):

1. Obtain the list of California TES available from @ @®FW web site:
http://www.dfg.ca.gov/wildlife/nongame/t e S{ECDFW 2013).

2. Compare the acceptable acute and chronic toxicity values to the acute and chronic
TES values.

3. If no acute or chronic surrogate values are available and the chemical of interest has a
narcotic mode of action, select a QSAR that can be wsestimate toxicity to the
TES or to a surrogate based on aleg. QSARs from the RIVM (2001) and OECD
(1995) are presented in the UCDM (TenBrook et al. 2010) but do not preclude the
use of other acceptable QSARSs.

If there is a lack of TES, surrogate@BAR toxicity values available for
comparison, the comparison cannot be made. Although the specific protection of TES
cannot be evaluated under these circumstances, the criteria are derived with the intention
of protecting all species. If the most sengtspecies is protected, it is likely TESIvbe
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included,assuming thathe most sensitive species in the ecosystem is known. The criteria
may be adjusted downward if the criterion is foomdot be protective of TES.

5.3 Multispecies studies

The derivedBSQCshould be compared to the acceptabldtispeciedaboratory,
field or semifield studies to ensure protection of the ecosystem as a vAumeptable
multispecies studies are those that rate R or L accordifigltie7. Guidance for this
comparison has been adopted from the UCDM; BSQC should be compegpdrted
ecosystem NOES; or on NOEC, E( IC, or LC, values for individual species within a
system (TenBrdoet al2010). Criteria maye adjuseddownward ifthey exceedoxicity
valuesfrom multispecies studies.

5.4 Comparison to water quality criteria

The acute and chronic sediment criteria are based on bioavailable concentrations,
which can be expressed asslsedissolvednterstitial waterconcentrations. As such, the
BSQC expressed as freely dissolwagrstitial waterconcentrations should be compared
to both acute and chronic water quality criteria. This comparison ensures that the BSQC
are protective othe entire aquatic ecosystem and not just those organisms living in the
benthic zone.

5.5 Adjusing criteria based on ecotoxicity data

It is recommended that criteria are only adjusted downward, not upward, based on
ecotoxicity data because the available ®tgglecies data has indicated that the criteria
are protective and upward adjustment may result in toxicity to sensitive species.
Typically, the most sensitive species in a given ecosystem may not be known and most
sensitive species are not suitable foolabory toxicity testing. Thus, upward adjustment
of criteria may lead to underprotective BSQC. Criteria should only be adjusted downward
based on toxicity values from either acceptable (RR) or supplemental (RL, LR, LL)
studies that use of the acceptabletmods for accounting for bioavailability; toxicity
values based on nominal concentrations or concentrations that do not account for
bioavailability (e.g., dry weight sediment concentrations) are not an acceptable basis for
adjustment. Criteria should onlbe adjusted based on supplemental toxicity values if the
species is found in North America and the species is not represented in the acceptable
data set. Best professional judgment should also be used to determine whether the study
is an appropriate badisr criteria adjustment. If a SSD was used to calculate the criteria,
then the next lowest estimate (e.qg., lower 95% confidence intervaipardentile)
should be used in criteria calculation to adjust the criteria downward. If an AF and/or
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ACR were used for criteria calculation, then the acute value can be divided by a factor of
2 for downward adjustment.

6 Harmonization betweenmedia

The poentialfor pollutansin the sediment and/amterstitial waterto partition
into other environmental compartmefite., watercolumn air, biota) should be assessed
during criteria derivation because it is of concern to environmental managers.
Specificaly, the potential for sediment pollutants equal to the BSQ&xteed levels of
concern established fothercompartmentshould be assessethis is defined as
harmonizatiorbetween mediandwasdiscussed in TenBrook et a2Q09. If BSQC are
found tobe in conflict with existing guidelines for other compartments, this fact should
be flagged for review by environmental managers, but the BSQC should not be adjusted.

6.1 Environmental media

Pesticides in the sediment anditterstitial watermay partition ¢ the water
column and may cause toxicity in this environmental compartment. Sséatey
environmental models may be used to assess harmony of chronic criteria across all
environmental media. These models are based on equilibrium partitioning, thus only
chronic BSQQwill be used; acute criteria are not appropriate because they ar¢eshort
transient pesticide concentrations (reaquilibrium). Levels of concern and/or toxicity
data for the water column are necessary for this assessment and they dig typica
available. Harmonization with air is not directly addressed in this report because
partitioning would occur between water and air, not between sediment and air. If BSQC
are harmonized with WQC, then air is accounted for because WQC are harmonized with
available air criteria.

There are freely available acceptable models for this analysis, 1) the Exposure
Analysis Modeling System (EXAMS; Burns 2004), available from the USEPA Center for
Exposure Assessment Modeling (CEAMip://www.epa.gov/ceampubl/swater/index.ntm
and 2) Mack ay ¢Based RnoirorimentaFEguglibriomn Rastitioning Models
Levels I, Il, and Ill, available as free downloads from the Canadian Environmental
Monitoring Cetter (CEMC;http://www.trentu.ca/cemc/welcome.htnThese models vary in
complexity and require the use of default environmental parameters when measured
values are not available, but they can provideyhoestimates of equilibrium
concentrations in all environmental compartments based on a given sediment or
interstitial waterconcentration and some pesticide physicochemical properties.

The Level | fugacity model is recommended as an initial evaluation because of its
relative simplicity. The EXAMS and Level Il and Ill fugacity models can be used, but are
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more complex and require more ssgecific input. The Level | fugacity model requre
several input parameters including water solubility, vapor pressure, melting point, and log
Kow for prediction of steadgtate concentrations of chemicals in air, water, suspended
sediment, bed sediment, and biota. In using this model, the pesticigatation in
sediment omterstitial wateris set at the chronic BSQC by adjusting the total mass of
pesticide in the system. The model should be run over a range of parameter values that
may affect equilibria, for example, OC levels or fish lipid levelgnging the

concentration of solids or volume of water or air will not alter equilibrium. If there are no
exceedances of criteria or levels of concern in other compartments in a series of Level |
analyses, then no further analysis is necessary. Howkaay, potential exceedances are
identified, then sitespecific data should be obtained to allow for more refined modeling.

For all models used in this analysis, it is important to state all input parameters,
conditions, and assumptions. The model outpatsthen be compared to appropriate
levels of concern established for the meater compartments (e.g., WQC, USFDA action
levels). If the steadgtate concentrations in all compartments are acceptable, then the
BSQC is acceptable. If the concentrationmother compartment is projected to exceed a
concentration of concern, then this should be indicated in the final criteria statement.

6.2 Biota (bioaccumulation)

Chemicals that accumulate in the sediments often also have a propensity to
accumulate in organissnthis accumulation may lead to secondary poisoning effects as
contaminants magnify up the food chalinis section provides guidanaearder to
address bioaccumulation in the derivatioB&QC.

This evaluation predicts whether sediments meeting ahaiteria could
possibly lead to secondary poisoning of wildlife or human health effects resulting from
the bioaccumulation of pesticides in fish or other prey. Only chronic criteria are evaluated
because bioaccumulation occurs over an extended perimdeo&nd bioaccumulation
potential is calculated with the assumption that the system is at apparent equilibrium.
This evaluation requires toxicity values that demonstrate adverse effects from dietary
intake of pesticides for wildlife and the availabilityldS Food and Drug Administration
(USFDA) action levels for human health.

The first step is tevaluate whethehe chemical of concern has the potential to
bioaccumulate. According to the OECD (189%ubstances with a ldgpwor Kq> 3, a
molecular weght < 1000, a molecular diameter < %nd/ora molecular length < 5.5
nm may bioaccumulate, and these are similar properties as described for chemicals likely
to accumulate in sediments. If a chemical has one or more of the above characteristics or
thechemical has been shown to bioaccumulatgell conducted studies, tipotential
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for bioaccumulation and secondary poisoning should be evaluated (Ter®ralok
2010).

The risk of secondary poisoning to terrestrial wildlife from sediment contaminants
canbe assessed by calculating the sediment concentration that would not lead to adverse
effects on terrestrial predator organisms, referred to as the N@k& The NOE Gediment
is calculated with the assumption of a simplified food web in which thecjksti
transfers from sediment to a fish or benthic species (prey) to a terrestrial animal
(predator). The parameters required for this calculation are adadiment
accumulatiorfactor for a fish or benthic speciéd83AF.y), a biomagnification factoof
a fish or benthic species (BM#E), and an oral (ingestion) NOEC for a terrestrial
predator (NOEGa_predatot-

Wildlife toxicity studies for species that have significant food sources in water,
such as mallard ducks, should be evaluated Usabie12. Studies that rate
relevant/reliable (R) or less relevant/less reliable (L) may be used in the calculation of
NOECsedgiment A chronic NOEC is the preferred wildlife toxicity value, but sudite
toxicity values may be used if a NOEC is not available. If multiple studies reporting the
same type of toxicity value are available for a single species, the geometric mean of the
values should be computed and used in the final calculation. The msiiveespecies
should be used if data for multiple species are available. Three common oral wildlife
toxicity values are described below:

1) Acute (LG): one time dose, usually force fed (oral gavage/intubation), and the
toxicity value is reported as mg/kgdy weight. Since this value is expressed per
body weight, rather than as a feed concentration, it is not recommended for use in
this section.

2) Subacute (LGp): in which the compound is administered in the feed to the
animals for 2 weeks to several monthsd the toxicity value is usually reported
as mg/kg in feed.

3) Chronic (NOEC and LOEC): similar to the exposure conditions in thasute
study, but effects on reproduction parameters are monitored.

The BSAF, which is equal to the ratio of the tissapoentration to the sediment
concentration, should be based on lpmmalized tissue concentrations and -OC
normalized sediment concentrations (Schwarzenbach et al. 2003). It is preferred that
measured concentrations in the two media are reported in BRAfes rather than
estimated concentrations, but estimated BSAFs may be used if measured BSAFs are not
available. If multiple BSAFs are available for a single species, the geometric mean
should be computed. A biomagnification factor accounts for accuiowlaif the
pesticide in the prey organism and is equal to the ratio of pesticide concentration in a
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predator to pesticide concentration in a prey species. If an appropriate BMF is not
available, default values based on theKggare aailable Tablel13).

The following equations, adapted from the EU risk assessment technical guidance
document (ECB 2003), can be used to calculat®lDE Csegimenfor wildlife:

Eq 24 NOECsedimem: NOECoraIJJredato((BSAFpreyX B'\/”:prey)
or

Eq25: NOEGCsediment L Csoral predatof(BSAFpreyX BMFpyrey)

A similar equation is used to calculate the NQ&&enfor human health
protection:

where
BSAF04 itemiS the biotasediment accumulation factor for a benthicaitypled fish.

Examples of benthicallgoupled fish include channel catfidict@lurus punctatus)
fathead minnowRimephales promel3smedakaQryzias latipey weakfish Cynoscion
regalis), spot Leiostomus xanthuriscroaker Micropogonias undulatyswhite perch
(Morone americang summer floundemRaralichthys dentatysand scugStenomus
chrysop$ (Tracey and Hansen 1996).

The NOEGCsedimendS compared to the chronic BSQC,; if it is below the criterion,
this information should be indicated in the final criteria statement to alert environmental
managers that the BSQC may not betgctive of all beneficial uses based on the
bioaccumulation potential and additional review may be needed. Nt segiment
exceeds the chronic BSQC, then this assessment indicates there is little potential for harm
to terrestrial predators if the dmic BSQC is not exceeded in sediments.

7 Criteria Summary

7.1 Final criterion statement

The final statement should be accompanied blyort summary of the derivation
process used to calculate the criteria and include any important considerations that should
be made by policy makers. Criteghouldbe stated as follows (based on USEPA 1985
2003a; ASTM (23):
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Aquatic life should not be affected unacceptably if theld@$ average concentration of
(1) does not exceed (&p/g OC in sediment or (3ju/L in interstitial watemore than
once every three years on average and if théalOaverage concentration does not
exceed4) ng/g OC in sediment or (5)g/L in interstitial watemmore than once every
three years on average.

where:

(1) - insert name of cheieal

(2) - insert the chronic criteriogiven as an O@ormalized sediment concentration
(3) 7 insert the chronic criterion given as an interstitial water concentration

(4) - insert the acute critericain OCGnormalized sediment concentration

(5) 7 insertthe acute criterion given as arterstitial water concentration

Depending on the magnitude of the criteria and if interstitial water toxicity values
were analyzed using SPME or Tenax, the units of the criteria may need to be adjusted.
For example, if thee were DOGnormalized interstitial water concentrations available to
calculate the criteria, the units may be ng/g DOC.Kbawas used to convert between
OC-normalized sediment concentrations and interstitial water concentrations, it should be
reportedalong with the criteria statement, as well as all associated citations if a geometric
mean of multipleKocs was calculated’hese averaging periods and the frequency of
exceedance may be modified if data and/or models become available that can
scientificdly defend altering them.

7.2 Assumptions and Limitations

The assumptics) limitations and uncertaintypvolved incriteriaderivation
should bencluded in the criteria methodology and associated reports so that
environmental managers are able to make infdrdexisions based on the accuracy and
confidence in the criteridn the criteria reportany data limitations that affected the
criteria calculation, such as missing taxa requiremehtsuld be summarize@he goal
is to make the derivation process aadsoning behind the process transparent. A list of
assumptions associated with using a SSD are provided in the UCDM (Teredralok
2010).

7.3 Comparison to existing criteria

The derivedBSQCshould be compared to any other available sediment quality
criteriafrom other methods or jurisdictions asdmmarized in the criterion report.
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8 Derivation of bifenthrin BSQC

8.1 Introduction

Bifenthrin is a pyrethroid insecticide that has been detected in sediments
throughout the Sacramento and San Joaquin Rivers watersthédkaed to sediment
toxicity in both urban and agricultural drainages (Amweg et al. 2006, Holmes et al. 2008,
Weston et al. 2004). Pyrethroids are widely used in agricultural and urban settings for
control of invertebrate pests. The pyrethroid inseatsate hydrophobic compounds that
quickly partition to sediments and particulates in the environment and are moderately
persistent. These compounds are nerve agentsasgoverexcitation of the neurons
leading toparalysisand ultimately deathAquaic invertebratesreparticularly sensitive
to pyrethroids because thdisrupt osmoregulation (ClagndMatsumura 1982)n
addition to lethality, gblethal toxic effects of pyrethroids, such as reduced growth,
altered behavior and endocrine reproducéffects have also beeocumented, which
may contribute to a decrease i n an organi smbo
andMoran 2008).

Bifenthrin sediment criteai arecalculated and presentedasillustrationof the
BSQCderivation methodologoutlined in this reportCurrent limitations to the criterion
calculation are discussed and rationale is provided as to how to best proceed under such
conditions. Acute and chronic water quality criteria calculated via the UC Davis method
are availabledr bifenthrin(Fojut et al. 2012Palumbo et al. 2010)Thefirst sectiony8.2
- 8.5 summarize information that was gathered for the WQC repasic information
about bifenthrinphysicochemical property datanvironmental and metabolic fate, and
human and wildlife dietary values. The literature was reviewed for cunfenination
not included in these sections and updated where appropiaditayving these
introductory sections, sediment exposure data is summarized (sé&c6amsi8.7) and
the criteria calculations are described (sectt82nd8.9). The remaining sections
describe potential water quality effects (sec8oh0) and compare other types of
ecotoxicity data to the derived criteria (sect®hl) and check that the BSQC will not
lead to adverse effects in other phases (se8titid). Finally, the bifenthrin BSQC and
the major assumptions and limitations inherent in the criteria are summarized (section
8.13.

8.2 Basic information
This section summarizesdtbasic information for bifenthrin, as identified in the

bifenthrin WQC reportKojut et al. 2012Palumbo et al. 2030In the future, if a
pesticide has the potential to partition to sediments, it would be most efficient to derive
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both water and sedimeatiteria simultaneouslio preventrepeatedsummaresof
information thatarerelevant to bottiypes ofcriteria. The chemical structuref bifenthrin
and its stereoisomeispresented ifrigure 3.

Bifenthrin is identified by the following CAS and IUPA@mes, and with the
following trade names identified in the WQC report (Palumbo et al. 2010)

CAS: (2-methyl[1,1-biphenyl}3-yl)methyl (1R,3R)-rel-3-[(12)-2-chloro-3,3,3trifluoro-
1-propenyl}2,2-dimethylcyclopropanecarboxylate

IUPAC: 2-methyt3-phenylberyl (1RS-cis-3-(2-chloro-3,3,3trifluoroprop-1-enyl)-2,2-
dimethylcyclopropanecarboxylate

Trade namegBifenthrin, bifenthrine, Bifentrin, Bifentrina, Biflex, Biphenthrin, Brigade,
Capturecyclopropanecarboxylic acid, FMC 54800, FMC 54800 Technicaktar,
Tarstar, DeterMite, Biphenate, Torant (with Clofentezine), Zipak (with Amitraz)
(EXTOXNET 1995 Kegleyet al 2008)

8.3 Physicochemical data

The physiochemical data presented in the bifenthrin WQC report (Palumbo et al
2010)aresummarized irmable20. Calculation of geontec meanvalues for various
physicmchemical properties detailed in the WQC report and not repeated here, except
for the source and calcti@n of the geomigic mean of theKoc, as this has particular
relevance to calculation &SQC.

The updated acceptable source data used to calculagedhmeetric meanf the
organic carbofi water adsorption coefficient and the dissolved organic carbon
interstitial wateradsorption coefficierdre presented ifable21. TheKqcis used in the
UCDSM to estimat interstitial wateconcentrations fror®C-normalized sednent
concentrationsvherenecessary. Thiépoc may be used to estimate freely dissolved
interstitial waterconcentrations from totaterstitial waterconcentrations. Studies that
determined the bifenthrikocin marine sediments and marimgerstitial wateis were
excluded in the data sets used to calculatgéoenetric meas) as salt and fresh water
data are to be treated separately in the UCDSM.

The reader is referred to Palumbo e{2010) for a complete summary BCFs
and environmental halffe values. No new values were found.

8.4 Environmental and metabolic fate

Bifenthrin is a nonpolar compound with low aqueous solubility, high lipid
solubility (i.e., octanotwater partition coefficientow) and a highKoc (Table21). The
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agueous insolubility of bifenthrin predisposes it to partition out of water and sorb with
strong affinity to sediment, soil particles, suspended matter and solids in genesdte Off
movemen of bifenthrin after application is unlikely unless bound to suspended particles
or DOM in runoff water (Garet al.2005 Westonet al.2004). Aquatic toxicity has been
shown to decrease as a result of the presence of suspended particles, which have been
suggested to limit the bioavailability of pyrethroids (Hill 1988uir et al.1985).

Bifenthrin is stable to hydrolysis and very slgwnderg@sphotolysis in water
(408 d; Laskowski 2002). Bifenthrin was shown to be more persistent under anaerobic
soil conditions(half-life = 425 d, 179.5 d) compared to aerobonditions(half-life = 96
d, 123 d) (Laskowski 20Q0XKegleyet al.2008). Bifenthrin sediment halives ranged
from 8 to 17 months at 20 (Ganet al.2005). Degradation of bifenthrin can occur under
both biotic (microbemediated degradation) and abiofiie ( photolysis) conditions
(Laskowski 2002Lee et al. 2004).

8.5 Human and wildlife dietary values

There are currently ndSFDA action levels for bifiethrin (USFDA 2000), but
food toleranceare provided for human consumption of theat of cattle, goat, hogs,
horses, and sheep at 0.5 ppm (USEPA 2006a). There are currently no food tolerances for
human consumption dish.

Toxicity data for the mallardutk wereused in the bifenthrin WQC report to
assess if the derived criteria would be protective of wildkgut et al. 2012)The
mallard duck toxicity values are also relevant for comparison to the d&&@Cfor
bifenthrin as suchthe toxicity vduesfor the mallard duck are summarized hée.
eightday dietary LGo of 1280 mg/kg feed was reported for mallard ducklings (Fletcher
1983a) and a NOEC of 2150 mg/kg body weight has been reported for adult mallards
(Fletcher 1983b). No effects to matladucks were observed 21 days after a single dose
of pure bifenthrin was administered (Fletcher 1983jlietary NOEC of 75 mg/kg feed
was reported based on no obsemagtoductive effects i@6 week oldmallards but this
NOEC is likely an underestimat because it was the highest tested dose and no effects
were observed at any exposure level over the@2k dietary exposui@obertset
al.1986).

8.6 [Ecotoxicity data

Fifteen original single species spikeddiment toxicity tests with bifenthrin were
idertified and reviewed. Each study was rated for relevance and reliaBiitgvance
was rated according fable8 of the UCDSM. If the study rated retant (R) or less
relevant (L) then it was further evaluated for reliability. Tékability evaluationwas
based on a combination of documentation and acceptability scores calculated according
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to Table9 andTable10 of the UCDSM. Studies that were rated relevant or less relevant
and reliable or less reliable (RR, RL, LR, or ldgcording to the method were
summarized in the data summary shéetsnattedaccording torable14). Copies of
completed summaries for all studies are includefippendixB of this report. Data rated
as acceptabl(RR)andused directly in the acute criterion derivation are presented in
Table22. Studies that were rated RR kibiat wereexcluded in therioritization process

are presenteith Table23, including he reason for data exclusion. Supplemental studies
rated as RL, LR or LL are useéd evaluag the criteria to check that they are protective of
particularly sensitive species and threatened and endangered ¢patisarized in
Table24). Therewere no studies identified that rated as N, LN, or RN.

Based on the data evaluation procedusgg)tacute toxicity studies, yieldintj7
toxicity values from two taxa, were judged reliable and relevant TRBle22 andTable
23). No relevant and reliable chronic sediment toxicity studies were identtieden
studiesreportedoxicity values thatvere rated RL, LL, or LR and were used as
supplemental information for evaluation of the derived critergaions8.11.1and
8.11.3(Table24).

Mesocosm and field studies evaluated for derivatiagh@bifenthrin WQC are
also relevant t8SQC derivation for bifenthrirf-ive mesocosm, microcosm and
ecosystem (field and laboratory) studmesrerated R or Laccording to Fojut et al. (2012)
and are summarized able25. Three relevant studiesi@ffects obifenthrin on
wildlife were identified and reviewed for consideration of bioaccumulaticadgtion
8.12.2

8.7 Data prioritization

Multiple toxicity values for bifenthrin for the same species were reduced to one
species mean toxicity value according to procedures describedUWCHDEM (section
2.5). The final acute data set contains two SMAVs and is showalie22. Acceptable
acute data ereprioritized and some were excluded for reasons including: standard
endpoints are preferred over rstandard endpointsjore sensitive endpoints were
available forthe species, and tests conducted at standard conditions are preferred over
those conducted at natandard condition§lable23). Therearecurrentlyno chronic
SSTTdata availabléor bifenthrin.

8.8 Acute criterion calculation

Two of the five taxa required to construct a species sensitivity distribagos
available for bifenthrinthus an assessment faci@s used to calculate the acute BSQC
The epbenthic crustacearequirements represented by the amphipddaztecaand the
benthic insectategoryis represented b@. dilutus The three nssing taxaarean
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infaunal invertebrate, a mollusk/amphibian/other unrepresented phghdra benthic
invertebrate from an unrepresented family

The acute criterion is calculated figt dividing the lowest SMAV in the
acceptable (RRJata seby an assessment factarhich results in aestimateof the §"
percentile of the SS¥ection3.5.2. The lowest SMAMor bifenthrin was 0.65g/g
OC, which is equal to the geometric mean of seved HOaztecd Csgs (Table22). The
AF is chosen based on the number of taxa irdtta setthe AF for a data set with 2 taxa
is 12 (Table18). This 5" percentile is the recommended acute vaktgchis divided by
two to derive the acuteSQC

Interim Acute BSQC Calculation

Acute value= lowest SMAV+ assessment factor
=0.65ng/g+ 12

= 0.4 ng/g OC

Interim Acute BSQC = acute value 2
=0.064ny/gOC=+ 2

=0.®R7ng/g OC

Interim Acute BSQC= 0.7 ng/g OC
=27ng/g OC
8.9 Chronic criterion calculation

Due to the dearth of chronic data in both the acceptable and suppletda¢atal
sesfor bifenthrin no SMCVs could be calculated and thus the ACR proceslused to
calculate the chronic criteridor this compound (sectia®6.3. Thelack of chronic
sediment toxicity data for bifenthrin also prevents the calculation of an ACR by pairing
appropriate acute and chronic spiked sediment toxicity studies. Becaggeesimental
ACR cannot be calculatédr bifenthrin the chronic criterioms calculated with the
default ACR of 11.4Table19) andthe acute value as follows:

Interim Chronic BSQC Calculation

ChronicBSQC= acute value- ACR
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=0.064my/gOC + 11.4

= 0.0 ng/goC

Interim Chronic BSQC = 0.0 ng/gOC
=5ng/gOC

8.10Water Quality Effects

8.10.1Bioavailability

Bioavailability is directly incorporated into the UCDSM by usbigavailability-
based toxicity valuew derive criteria. The ratnale for the bioavailability approach to
BSQC derivation is discussedsection1.2.2 The BSQC are expressed @Grmalized
sediment concentrationsnd may beonverted to freely dissolved interstitial water
concentrations if desired to compare to interstitial water concentralfiaite-specific
partition coefficients are available they can be used to convert between phd&sg& via
If a sitespecific partition coefficient is not available, then the geometric mean of
acceptable partition coefficients can be uséd.compare the O@ormalized sediment
BSQC to relevantqueous concentrations, the BSQC were converted to interstitial water
concentrations using thé&,c of 524,000, which is the geometric mean of 10 values
(Table21). Theresulting acute and chronic interstitial concentrations were 0.05 ng/L and
0.01 ng/L, respectively.

8.10.2Mixtures

In general, additive mixture effects can be incorporated in criteria compliance
using the concentratieaddition model when it has been estaldikhat it is reasonable
to assume additivit{sectiord.2.1). When it is demonstrated or can be assumed that
mixture effects will be additive, toxic unit analy$sectionError! Reference source not
found.) is a simple way to check for compliance as long as dre®SQCavailable for
each compound in the mixture. For raaditive mixture effects, interaction coefficients
can be used if ampliata are availablgsection4.2.2. More complex mixtures, involving
both synergists and antagonists cannot be incorporated into compliance determination at
this ime, although some complex models do exist to predict effects in thestosis
(sectior4.2.3.

Bifenthrin often occurs in the environment with other pyrethpasticides in
sediments of both urban and agricultural waterways ilCémdralValley of California
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(Amweg et al. 2005, 2006; Westenal 2005, 2008). All pyrethroids have a similar

mode of actiorand several studies have demonstrated that pyrethratdnatoxicity is
approximately additive (Barata et al. 2006, Brander et al. 2009, Trimble et al. RDA9)
review paper that included derivation of water quality criteria for pyrethroids, Fojut et al.
(2012 conclude that additivity of pyrethroid mixtte toxicityis well-described irthe
literatureand recommended thdie concentratioraddition methodhould be used for
compliance determination to accodiot multiple pyrethroids in a sampl&his is also the
recommendation to determine BSQC compliance

AlthoughPBO is known to synergize the toxic effects of pyrethroids (We=tton
al. 2006; Brandeetal. 2009), no interaction coefficientK)Y have been derived with
relevant species to describe synergism between bifenthrin and PBO. Consequently, there
iS no accurate way to account for the interaction of bifenthrin and PBO in compliance
determination.

Several other studies have tested mixture toxicity with various constituents, but
interaction coefficients are not available for these combinations so they cannot be
included in criteria compliance. One mesocosm study tested mixtures of atrazine and
bifenthrin and found that the two compounds did not act synergistically and that if one
pesticide was present at a high concentration, commlavig}y effects of the other
pesticide were masked (Hoagland et al. 1993). There is evidence that the presence of KCI
does not affect partitioning or bioavailability of bifenthrin, but there appears to be a slight
antagonistic mixture effect based on testing Wittalella aztecandChironomus dilutus
(Trimble et al. 2010). This effect is likely caused by a physiologictdxdcodynamic
interaction. Carbon nanomaterials are becoming more common in consumer products,
and joint toxicity of bifenthrin and a functionalized fullerene was investigated with
Daphnia magndBrausch et al. 2010). The researchers reported thatltbeefie
significantly increased bifenthrin acute toxicity but did not affect chronic endpoints;
further study on these interactions is needed to incorporate them for criteria compliance.

8.10.3Temperature, pH, and other water quality effects

The effects ofemperature, pH, and other water qualiigrametersn the toxicity
of bifenthrin were examined to determin¢héseare described well enough in the
literature to incorporate inBSQCcompliance gection4.3). The effectsof temperature
and pH on pyrethroid toxicity were discussed previously in the bifenthrin WQC report
(Fojut et al. 201pPand this discussion is also applicable to sediment toxicity. To
summarize, theris an inverse relationship between temperature and the toxicity of
pyrethroids (MillerandSalgado 1985WernerandMoran 2008), and this relationship is

|l i kely the result of an i ncreased sensitiwvit

temperature§Narahashet al 1998). Pyrethroid contaminated sediments were more than
twice as toxic tH. aztecavhen tested at 18eC compared
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(Westonet al.2008). Westoret al.(2008) found that temperatures required in standard
methods a likely higher than environmental temperatures and toxicity may be
underestimated as a result of colder habitats. These results are not directly applicable for
use inBSQCcompliance because environmental samples were used, instead spiked
sediment toxicy tests.

Despite the known effect of temperature on pyrethroid toxicity, there is not
enough information to incorporate temperature effecBISQCor compliance at this
time. Also, no studies could be found that addressedrmither water quality effecisn
bifenthrin toxicity in sediment anterstitial water As a resultinformationis insufficient
at this time to be able to incorpordie effects of water qualifyarameters int8SQC
compliance.

8.11 Comparison of ecotoxicity data to derived criteria

8.11.1Sensitive species

A data comparison was conducted to assess if the derived criteria for bifenthrin
are protective of the most sensitive species. In the follownegdérivedBSQCare
compared to toxicity values for the most sensitive species in botked¢hptable (RR) and
supplemental (RL, LR, LL3lata sets as described eatg8on5.1

The lowest reported acute sediment toxicity value in the RR datass&0i$
LCsp0f 0.18(0.16:0.20)ng/g OC for H. azteca(Picard2010g. Theinterim acute BSQC
of 0.027mg/g OCiis a factor of 7 belovthis toxicity valueand the BSQC very protective
based on this toxicity value

The lowest toxicity valuéen the supplemental daset isa10-d LCso of 0.0008
ny/g OC Eohaustorius estuariugAnderson et al. 2008 able24). This value is below
the interim acute BSQC of 0.021/g OC by a factor of 34, however, it is an estuarine
species so the criterion will not be adjusted downward

Thelowest species meame value in the RR data seDis5 ng/g OC for H.
azteca(Table22) and itwas used directly in criteria derivatiodlany of the SSTT
studies used to calculate theuteBSQCalso reported NOEC or LOEC values for the
10-day study. Sincé0-day NOEC/LOECsIo not meet the requirements for inclusion in
the acutalata set (which requires LC/EBS) or the chronic data s@thich requires> 28
d full or partial life cycletests, these values were not used for derivation of BSQC, but
arecompaedto the derive®SQC The lowest MATC reported fdf. aztecas 003
ng/g OC based on a 1@ growth endpoint (Picard et al. 20108he acutdBSQCis very
similar to this value, ks slightly below it. Because the MATC is presumed to be an
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approximation of a neffect concentration, the similarity of the values may indicate that
the interim acute BSQC is reasonably protective and not overprotective

Theonly availablechronic SST dataarefor the saltwater speciégptocheirus
plumulosugTable24). The 28-daygrowthMATC for bifenthrin was3.7 ng/g OC (Putt
200%). This value is well abovieinterim chronicBSQC andvould be protective of..
plumulosus

8.11.2Ecosystem and other studies

In this section,le derivedifenthrincriteria are compared to acceptable
laboratory, field, or serrfield multispecies studies (rated R or, to determinef the
criteria will be protective of ecosystenwtion5.3). Five bifenthrin microcosm,
mesocosm angondstudieswere identified an@valuatedand all five studies rated R or
L (Table25).

Pond mesocosm studies performed by Drenner et al. (1993) and Hoagland et al.
(1993) examined the effects of sedimbotnd bifenthrin on zooplankton,
phytoplankton, and fish. In these related studies, sediment was dosed with a formulation
containing bifenthrin, but only water column concentrations of bifenthrin were reported.
The 8d LCsq for gizzard shad, a sediment fikkeder fish, was 207 ng/L based on the
average concentration of the exposure duration (Drenner et al. 1993). Bluegill mortality
(33%) occurred at an average maximum bifenthrin concentration of 3,150 ng/L
(Hoagland et al. 1993). Gizzard shad may be maisitpee to bifenthrin than bluegills,
or their feeding habits may have led to a higher exposure. In both studies, effects on the
zooplankton community were reported, with higher bifenthrin concentrations resulting in
a shift from crustaceans (copepods andladocerans) to rotifers at concentrations of 90
ng/L and 39 ng/L (Drenner et al. 1993 and Hoagland et al. 1993, respectively).

A pond mesocosm study by Surprenant (1988) examined effects of sediment
bound bifenthrin on fathead minnows, daphnids, cland isopodsAsellusspp). At
sediment treatment levels of 0.1, 0.3, and 1.0 mg/kg, no adverse effects were observed for
fathead minnows or clams. Daphnid survival and reproduction was not affected at the
lowest treatment, but catastrophic mortality whaserved at the highest treatment level,
which corresponded to a water column concentration of 1.86 pug/L. Isopods were the most
sensitive taxon examined, with reduced survival at a treatment corresponding to a water
column concentration of 0.30 pg/L andngplete mortality a concentrations of 0.72 pg/L
and 2.58 ug/L.

In a largescale natural pond study, effects of bifenthrin spray drift and storm
runoff from nearby aerial applications to cotton fields were reported for several taxa
(Sherman 1989). Calanoidmepods were eliminated in the summer application period
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and did not recover the following spring. Mayflies were also eliminated immediately
following bifenthrin applications, and demonstrated only limited recovery the following
season. Water striders (gdae) and water beetles (gyrinidae) were also affected
negatively. Other organisms were affected, but showed signs of recoveries in the year
following bifenthrin application. Concentrations in water rangee6®3 ng/L and in
sediment ranged 13,173ug/kg over the course of 14 months.

Auber et al. (2011) tested two pesticide application regimes that included multiple
pesticides corresponding with wheat production in France. Bifenthrin was applied to the
outdoor pond mesocosms in one of the regimes, alathgeight other pesticides, over a
28 week exposure. Bifenthrin concentrations were measured in the water column, with an
average exposure concentration of 46 ng/L. After a single application, bifenthrin was
above the detection limit in the water colufonan average of 5.5+ 0.7 d in one
treatment group and 9.2 + 0.4 d in a second treatment group. Presumably the bifenthrin
partitioned to the sediment and vegetation, was degraded or metabolized viihda$s
of treatment, although other matrices weo¢ analyzed. Decreased abundance of isopods
(Asellus aquaticysand amphipodsGammarus puléxwas attributed to the bifenthrin
treatment, and their decreased abundance was correlated to a decreased rate of leaf litter
breakdown. The abundanceAfaquaicusrecovered at 25 weeks pdastatment, while
G. pulexabundance did not recover by the end of observation, 40 weekisgaisient,
although it should be noted that there were several applications of other pesticides during
this period that may havesal affected this taxon.

Sensitive taxa are relatively consistent in all of the mesocosm or pond studies
available for bifenthrin; copepods, isopods, amphipods, and mayflies appear to be the
taxa most severely affected by bifenthrin exposure, and recbyehese taxa may be
limited or take months or years. All reported effect levels or measured concentrations are
higher than the UCDM chronic WQC of 0.6 ng/L, as well agritexim chronic BSQC of
0.005ng/g OC. The BSQC are considerably lower than the reported effects
concentrations in the few studies that measured sediment concentrations. However, none
of the reviewed studies report NOECs for any matrix or report effects concentrations as
measured in séaent or interstitial water, so we cannot be certain that no effects would
occur in mesocosms or aguatic ecosystems at criteria concentrations.

8.11.3Threatened and endangered species

In this section,lte derived criteridor bifenthrinare compared to toxigitvalues
for threatened and endangered species to ensuithehaiteriawill be protective of
these speciesdctiors 5.2, TenBrooket al 2009). Currentecordsof state and federally
listed threatened and endangered animal species in California were obtained from the
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CDFW web site [ittp://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEAnimals,. @DFW
2013).

No listedthreatened or endangered speciesrariededin the aceptableand
supplemental data setised for bifenthrin BSQC derivati¢hable22 andTable24).
Similar tothe WQC report (Palumbo et al. 2010), no data were found for effects of
bifenthrin on federally endangered crustacemnminsects, or acceptable surrogates,(
in the same family)in the WQC report,ie lowest toxicity value for a threatened or
endangered species was ans¢.6f 0.15 mg/L forOncorhynchus mykighat was used in
the bifenthrinWQC derivation calculatiofPalumbo et al. 2010Yhe acute and chronic
BSQC were converted to interstitial concentrations of 0.05 ng/L and 0.01 ng/L,
respectively, to compare to this aqueous value. The acute and chronic BSQC are far
below this toxicity value. Bsed on théttle avalable data, there is no evidence that the
interimacute and chronic bifenthrBSQCwill be underprotective of threatened or
endangered species but this assessment lacks chronic data and data for crustaceans and
insects, whictare considerethe most sesitive species.

8.12Harmonization with other environmental media

8.12.1Water

The BSQC were converted from @@rmalized sediment concentrations to
interstitial water concentrations to compare them to existing water quality criteria. The
Koc of 524,000, which is thgeometric mean of 10 valueBaple21), was used as the
partition coefficient. The resulting acute and chrd@@QCinterstitial concentrations
were 0.05 ng/L and 01 ng/L, respectively. The bifenthrin acute and chronic WQC are 4
ng/L and 0.6 ng/L, respectivelwhich are above the BSQC concentratidrieerefore, if
the BSQC were attained it would be unlikely that the WQC would be exceeded due to
desorption from sedient, if equilibrium conditions are assumed.

8.12.2Biota

Based on the mean ldgwof bifenthrinof 6.0 and its molecular weight of
422.87g/mol, bifenthrin has the potential to bioaccumul@ection6.2). In theUCDM
WQC report, the accumulation of bifenthrin in food items to letheds are known to
cause harm to their predatavas examined to ensure WQC were protedfiveut et al.
2012). To assesthe risk of secondary poisoninipeBAF (28,000 L/kg, McAllister
1988) and th&lOEC values fomallard (75 mg/kg feed; Robers al 1986) and humamn
(0.5 mg/kg; USEPA 2006a) were useddaghly estimatevater concentratigthat
would equas tono-effect leveldor consumption of fish by terrestrial wildlife or by
humans [fojut etal. 2012). The estimated NOESCwere267 ng/L for mallard duck and

89


http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEAnimals.pdf

23 ng/L for humans. Thehronicbifenthrin WQC andnterstitial wateBSQC (0.6 ng/L
and0.01 ng/L, respectively) are below these values, indicating¢batpliance wittthe
BSQCshould not conflict with other efforts to protect wildlife or human health from
bifenthrin exposure.

8.13 Bifenthrin Criteria Summary

8.13.1Assumptions, limitations and uncertainties

The assumptions, limitations and uncertainties involved in criteria derivation
should be available to inform environmental managers of the accuracy and confidence in
the derived criterigsection7.2). This section summarizes any data limitations that
affected the procedure used to determine the final bifenthrin criteria.

Forthebifenthrinacute BSQCamajor limitation waghelack of acute SSTT
data for freshwatespecies other than. aztecaandC. dilutus Three of the five taxa
requirements of the UCDSM were not met, and as such, an assessment factor approach
wasused to calculate the acute BSQ@emajor limitationfor the bifenthrin chronic
BSQC derivatiorwasthelack ofany freshwater speci@s the chronic toxicity data set.
None of five taxa requirements were met, which precluded the use of a SSD; therefore,
an ACR was used to derive the chronic criterion. Since no accepigideémentaACRs
were availale for bifenthrin in the literature, the defaflCR of 11.4 was used.
Particularly of concermwas the lack o€hronicdatafor H. aztecawhich was the most
sensitive species in the acute toxicity data set. Uncertainty cannot be quantiéigdeor
theacute orchronic critera because¢heywerenot derived witha SSD.

To compare the O@ormalized sediment BSQC to relevant aqueous
concentrations, the BSQC were converted to interstitial water concentrations using the
Koc of 524,000, which is the geometrinean of 10 valued &ble21). The resulting acute
and chronic interstitial concentrations were 0.05 ng/L and 0.01 ng/L, respectively.

As concluded in the bifenthrin WQC report, increased bifenthrin toxicity as a
resultof lower temperatures still cannot be accounted for quantitatji#eiyt et al.
2012. An additional safety factor is not recommended to adjust criteria at this time but
environmental managers should keep this factor in mind if derived criteria are not
protective in colder water bodies

Although greater than additive effects have beleserved for mixtures of
pyrethroids and PBO, there is insufficient data to account for this interattion
compliance determination. This is a significant limitation becéarseulations that
contain both pyrethroids and PBO are available on the market. When additional highly
rated datareavailable, the criteria should be recalculated to incorporate new research.

90



8.13.2Comparison to existing criteria

To date, no USEPAediment dteria or benchmarkare availabldor bifenthrin.
The USEPAproposesin EqPbased approackhrough whichthe chronicVQCis used
to predict the corresponding sediment concentration usingdk€Di Toro et al. 2002)
The lowest SMAYV in the acceptaldediment dataet was converted to an interstitial
water concentration to compare it to existing WQ@e lowest SMAV in the RR data set
of 0.65ngy/g OC forH. aztecaTable22) was converted to an interstitial concentration of
1.24 ng/L using the geometric meankgfcs of 524,000. This value is compared to the
chronic WQC for bifenthrin of 0.6 ng/L, which is approximately a factor of 2 lower than
the lowest SMAV Thus, the chronic WQC would likely be protective of shertn
effects from sedimerdssociated bifenthrin. However, no chronic bifenthrin effects data
are available, so it is unclear as to whether the chronic WQC would also be protective of
long-term subéthal effects.

8.13.3Bifenthrin interim criteria statement

Theinterim criteria statement is:

Aquatic life should not be affected unacceptably if theld$ average concentration of
bifenthrindoes not exceed.005mg/g OC (5ng/g OQ in sedimenmore than oncevery
three years on average and if thedHy averageoncentration does not exce@@7ny/g
OC (27ng/g OQ in sedimenimore than once every three years on average.

Although the criteria were derived to be protective of aquatic life in the
Sacramentand San Joaquin Rivers, these criteria would be appropriate for any
freshwater ecosystem in North America, unless species more sensitive than are
represented by the species examined in the developmentedencriteria are likely
to occur in tle ecoystemsof interest

The final acute criterion was derived using the AF procedure and the acute data
used in criteria calculation are shownTiable22. The chronic gterion was derived by
use of a default ACR.

9 UCDSM Summary

After an extensive review of approaches used worldwide to derive SQC, the
SSTT approach was used to develop the UCDSM because it has a strong technical
foundation as the data clearly link cause efféct It was notegdhoweverthat there are
very few SSTT data available for pesticides and experimental uncertainties may hinder

91



the use of what little data there are. The UCDSM represerdgw approach to the
derivation of SQC in that it uses singlgeciessinglechemical SSTT data thatebased
on thebioavailable sediment and/or interstitial watencentrations. Other judgtions
thatuse the SSTT approach (CCME 59@re not based on freellyssolved interstitial
waterconcentrationsand insead us€©C-normalized sednent concentrationdoth types
of concentrations are utilized the UCDSM.

The UCDSM is based on the UCDidr deriving water quality criterialenBrook
et al 2010) AcuteBSQCare derived using an assessment factor appi@asiiaxa)or a
species sensitivity distributiorr 6 taxa), depending on the number of taxa represented in
thedata setThe AFs derivedor the UCDM have been updated and recalculated to
includeadditional pesticideatafor usein the UCDSM.Chronic BSQGCare derived using
an acuteo-chronic ratio (< 5 taxa) or a SSD (> 5 taxa), depending on data availability.
Thedefault acutdo-chronicratio derived in the UCDM hmalso been updated with
additional pesticidelata and recalculated for inclusion in the[&M. Guidance on the
collection, evaluation angrioritization of collected data for use in the UCDSM is
adapted from the UCDM (TenBroak al 2010), as many procedures are applicable to
both water column and sedimenpesure. The derive@SQCare compeed toeffects
data br sensitive species, ecosystivel exposuresand threatened and endangered
species to determine if the derivB8QCareadequatelyprotective. Both the UCDSM
and the UCDM provide guidance to assess the bioaccumulation of nonigaigm
contaminants. As in the UCDM, the UCDSM also provides guidance to determine if
water quality (pH, temperature) and mixture effects on toxicity can be incorporated into
criteria compliance.

Since many jurisdictions worldwide incorporate sedimentityugliidelines into
an aquatic assessment framework, similar documents were evaluated to collect and gather
quality data for use in the development of sediment and water quality criteria (RIVM,
2001; CCME 199). The efforts by TenBrook et al. (2009, 20i€present a
comprehensive and robust protocol based on international guidance for collecting and
evaluatingphysicochemicatlata that is applicable to both aquatic and sediment criteria
derivation. As a result, the UCDSM is based on the same data callanticevaluation
procedures as TenBrook et al. (2010).

Although SSTT data for a variety of taxa are not currently available, the UCDSM
provides a framework to includeirrert research on thestimationof the bioavailable
fraction of chemicals as the most robust means of deriving sediment quality criteria.
However, at this point the UCDSM is still just a framework because larger more diverse
data sets must be tested with the method before BSQC shaugedbas firm regulatory
values. For this reason, we have termed the resulting bifenthrin BSQC as interim values.
There is a high degree of uncertainty in the values because they are based on so few data
and species, so the qualifying term is appropriate.
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Tables

Tablel Data sources for derivation of bioavailable sediment quality criteria.
Updated from TenBrook et al. (2010).

Source

Details/Notes

US Environmental Protection
Agency (EPA) reregistration
eligibility decision (RED) or
interim RED (IRED)

California Department of Pesticide

Regulation (CDPR)

California Department of Fish and
Wildlife - Aquatic Toxicity
Laboratory

University Libraries

Electronic databases

Handbooks:

ECETOC 1993

Mackayet al.1997 (CDROM
1999)

MIT1 1992 (MITI = Ministry of
International Trade and Industry,
Japan)

Verschueren 2009 (b&@and CD
ROM)

Other sources

Review articles including, e.g.;
Laskowski 2002

Biological effects database for
sediments (BEDS)

Internal databases

Review compound RE or IRED and EPA Office of Pesticide
Programs (OPP) databasexfw.ipmcenters.org/Ecotox/Submit a
Freedom of Information Act (FOIA) request for relevant studies |
completing an -bhdthbaii matl ost al
(www.epa.gov/pesticides/foia/affirmation.htn$end the form with
a list of the study master record identification numbers (MRIDs)
information about yourself andyr employer tohg.foia@epa.gov

Find relevant study numbers in the CDPR pesticide database:
http://apps.cdpr.ca.gov/ereglib/

To retrieve studies, contact the registration branch of CDPR:
Jacquelyn Rivergrivers@cdpr.ca.gov

Contact or check online for laboratory or criteria reports that ma:
available through CDPR

SeeTable2 of this report for list and details

Technical report no. 56Aquatic toxicity data evaluation
lllustrated handbook of physicahemical properties and
environmental fate for organ@hemical. Volume V. Pesticide
chemicals

Biodegradation and bioaccumulation data on existing data base
the CSCL Japan (CSCL = Chemical Substances Control Law)

Handbook of environmental data on organic chemic&lgdition

Physical and chemical properties of pyrethroids

BEDS may include spikedediment toxicity testing dat&eeTable
2 of this report
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http://www.ipmcenters.org/Ecotox/
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mailto:jrivers@cdpr.ca.gov

Source

Details/Notes

International criteria documents/
government reports:

Laboratory reports

Manufacturer data

Memos

Registration packets

Often available via the Internet

May be listed in RED/IRB, EPA OPP database and available frc
EPA, information may be proprietary

May be listed in RED/IRED, EPA OPP database and available f
EPA

Studies used for pesticide registration may be listed in RED/IRE
EPA OPP databasmd available from EPA, packets can be diffic
to obtain
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Table2 Web addresses for various electronic resources used in derivation of bioavailable sediment quality criteria.
Updated from TenBrook et gR010).

Database

Description/contents URL

BEDS (Biological effects
database for sediments)

CLOGP (Calculated log P
(estimated lod<ow))

Biosis

ChemFinder

Chemical Abstracts

Current Contents

ECOTOX (was AQUIRE)

EFDB (Environmental Fate
Data Base)

Datalog

Biolog

Chemfate

Biological effects databases including SS' http://ccmanosnoaagov/stressorollution/nsandt
data from NOAA NSTP and EIM http://www.ecy.wa.goveim/indexhtm

(previously FSEDQUAL but includes all

WA monitoring data)

Kow calculator availabléhrough BicLoom  www.biobytecom/bb/prod/bioloom.html

Bibliographic database; multidisciplinary http://thomsareuterscom’products servicessciencéscience productsa-
z/biosid

Chemical database; chemical structures ¢ www.chemfinde.com
names

Bibliographic database; primarily http://www.cas.org/

chemistry, life sciences

Bibliographic database; multidisciplinary http://thomsonreuterson/products servicessciencéscience productéa-
z/current contentsconnect

Single chemical toxicity information for  http://www.epagoviecotox

aquatic and terrestrial life

Access to Datalog, Biolog, Chemfate and http://www.srcinccomwhatwe-do/efdb.aspx
Biodeg databasdbelow)

Bibliographic database; environmental fat

Microbial toxicity and biodegradation

database
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Database Description/contents URL

Biodeg Environmental fate and chemigphysical
properties database
Biodegradation database

EXTOXNET (Extension Pesticide profiles and toxicology http://extoxnetorstedu
Toxicology Network) information

Estimation Program Interface USEPA tools for estimation of numerous http://www.epagovopptint/exposurégubgepisuitehtm
(EPI) Suite physicatchemical parameters

KowWin Kow program; Syracuse Research http://www.epagov/opptintfexposurépubgepisuitehtm
Corporation, Newrork, NY. Available at
USEPA EPI Suite

LOGKow Kowdatabase; Sangster Research http:/logkow.cisti.nrc.callogkow/indexjsp
Laboratories
Pesticide Action Network Bibliographic database; toxicity and http://www.pesticideinfoorg/Indexhtml

regulatoryinformation for pesticides

PHYSPROP Physical properties database including  http://www.srcinccomwhatwe-do/productaspx?id=133
chemical structures and names

OPP Pesticide Ecotoxicity USEPA OPP toxicitygatabase for http://www.ipmcentersorg/Ecotox
Database registered pesticides, mostly unpublished

studies, see EPA entiy Tablelof this

report
POLTOX Bibliographic database; Ovid; pollution an http://www.ovid.com

toxicology, plants, animals, and humans.

PubMed Bibliographic database; medicine, life http://www.ncbi.nlm.nih.goventreZqueryfcgi?DB=pubmed
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Database Description/contents URL

sciences, molecular biology, genetics,

others
TOXNET Access to HSDB, TOXLINE, IRIS (below) http://toxnetnim.nih.gov/
HSDB (Hazardous Toxicology database
Substances Data Bank)
TOXLINE Toxicology literature database
IRIS (Integrated Risk Database overdzard identification and
Information System) doseresponse assessments
TSCATS (Toxic Substances Bibliographic database http://www.srcinccom'whatwe-do/databaseformaspxid=384
Control Act Test Submission
database)
Web of Science Bibliographic database; access to Institute http:/thomsonreutersom’products servicessciencéscience productsa-
for Scientific Information (I1SI) Citation z/web of sciencé
Databases

EIM = Environmental Information Management (WA), FSEDQUAIlreshwater sediment quality database (Wgy = octanolwater partition coefficient,
NOAA = National Oceanic and Atmospheric Administration, NSTP = National Status and Trends Program, OPP = Office ofestiaitie, SSTT = spiked
sediment toxicity test, WA= Washington State
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Table3 Physicochemical data to be collected for derivation of bioavailable sediment
quality criteria.
Based on TenBrook et al. (2010).

Parameter

BCF (bioconcentration factor)

BMF (biomagnification factor)

CAS (chemical abstract service number)

Chemical formula

Density

IUPAC (International Union of Pure and Applied Chemi}tmame
Ki( Henrybés |l aw constant)

Log Ky (solidi water partition coefficient)

Log Kpoc (dissolved organic carbdwater partition coefficient)

Log Koc (organic carboiwater partition coefficient)

Log Kow (octanol water partition coefficient)

Melting point

Molecular weight

pK, (acid dissociation constant)

S (agueous solubility)

Structure

ty» (half-life), hydrolysis, photolysis, biotic degradation

Vapor pressure
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Table4 Ecotoxicity data to be collected for derivation of bioavailable sediment quality
criteria.
Based on TenBrook et al. (2010).

Desired type of toxicity threshold/organism/experiment

Acutetoxicity threshold concentrations (survival, immobilization)
Aquatic, infaunal, benthic and epibenthic insects

Aquatic plants

Bioavailability

Chemical mixtures

Chronic toxicity threshold concentrations (survival, growth, reproduction, embryonidsivelopment,
hatching, germination, behavior effects, enzyme inhibition, endocrine disruption, other physiological
effects, insect control, changes in species diversity or abundance)

Field experiments

Fish

Insects

Laboratory experiments
Mesocosnexperiments
Microcosm experiments
Multi-species
Nortrinsect aquatic, infaunal, benthic or epibenthic invertebrates
Single chemical
Singlespecies

Wildlife (mallard duck)

US Food and Drug Administration action levels (human health)

100



Table5 Acceptable methods for determination of physicochemical parameters, other than

the octanclwater partition coefficientow.

From TenBrook et al. (2010).

Constant

Method

Notes

Reference (method ID)

Bioconcentration
factor,BCF

Acid dissociation
constant, pK

Hydrolysis rate
constantty nydrolysis

Solidwater partition
coefficient,Koc

Ka Koc

Coefficient

KOC

Solubility, S

Flow-through; fish

Flow-through; fish
and mollusks

Conductometric

Spectrophotometric

Titration

Tiered approach

Tiered approach

Batch equilibrium

Batch equilibrium

Batch equilibrium ce
solvent

HPLC
Column elution

Flask
Flask
Generator column

Nephelometric

Determines the apparent steady

state BCF

Determines the apparent steady

state BCF

Onsager (1927) Equation must

hold; acid/base dissociations,
nonacid/base dissociations

Solubility: low to high;

differential UV/VIS absorption for

ionized vs. unionized species,
acid/base dissociations, non
acid/base dissociations

Solubility: moderate to high

Determines the rate under acidic,

basic and neutral conditions

Determines the rate under acidic,

basic and neutral conditions

Colloidal binding can reduce
accuracy

Colloidal binding can reduce
accuracy

Corrects for colloid binding

Estimation technique
Solubility < 102 g/L
Solubility > 162 g/L
Solubility > 1 mg/L
Solubility < 1 mg/L

Solubility > 1 mg/L

OECD 1996 (305)

ASTM E 2002a (102:D1)

OECD 1981 (112)

OECD 1981 (112)

OECD1981 (112)

ASTM 2001a (E 895 89)

OECD 2004 (111)

ASTM 2001b (E 1195 01)

OECD 2000 (106)

Evers & Smedes 1993

OECD 2001 (121)
OECD 1995b (105)

OECD 1995b (105)
ASTM 2002b (E 1148 02)
ASTM 2002b (E 1148 02)

ASTM 2002b (E 1148 02)

HPLC = high performance liquid chromatograpKy = solidwater partition coefficient{oc = organic
carbonnormalized solidwater partition coefficient
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Table6 Acceptable experimental and computational techniques for determination of the

octanotwater partition coefficienton, and the priority of use.
Modified from TenBrook et al. 2010, based on Laskowski 2002; USEPA 2003a.

Log Kow< 4
Method Referencémethod ID) Priority?
Slow stir de Bruijnet al.1989 1
Generatoicolumn USEPA 1996a 1
Shakeflask USEPA 1996b 1
HPLC w/ extrapolation to 0% solvent ASTM 1997(E 114792) 2
HPLC w/o extrapolation to 0% solvent ASTM 1997(E 114792) 3
CLOGP program Through BieLoom atwww.biobtyecom 4

4 < LogKow< 6
Method Reference Priority?
Slow stir de Bruijnet al 1989 1
Generatoicolumn USEPA 1996a 1
HPLC w/ extrapolation to 0% solvent ASTM 1997 (E 11402) 2
HPLC w/o extrapolation to 0% solvent ASTM 1997 (E 11402) 3
Shakeflask USEPA 1996b 4
CLOGP program Through BiecLoom atwww.biobtyecom 5

Log Kow> 6
Method Reference Priority?
Generatoicolumn USEPA 1996a 1
Slow stir de Bruijnet al 1989 2
HPLC w/ extrapolation to 0% solvent ASTM 1997 (E 11402) 3
HPLC w/o extrapolation to 0% solvent ASTM 1997 (E 11402) 4
Shakeflask USEPA 1996b 5
CLOGP program ThroughBio-Loom atwww.biobytecom 6

CLOGP = calculated log P (estimated octawater partition coefficient), HPLC = high performance liquid

chromatography.
®Priority of 1 indicates highest priority.
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Table7 Data categories based on relevance and reliability scores for application in
derivation of bioavailable sediment quality criteria.

N = not relevant/not reliable; L = less relevant/reliable; R = relevant, reliable. Unshaded
category is acceptable for tenia derivation, light shaded category is supplemental to
criteria derivation and the dark shaded category is not acceptable.

Reliability
Score | 059 6073 74100
0-69 NN NL NR

Relevance 70-89 LN LL LR
90-100 RN RL RR
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Table8 Relevance evaluation for singépecies spiked sediment toxicity test data.
Based on ASTM 2013; ECOTOX 2006; TenBrook et al. 2010; USEPA 1996a, 2001.

Parameter Score
Acceptable standard (or equivalent) method used 10
Endpointlinked to survival/growth/reproduction 15
Freshwatespikedsediment toxicity test 15
Chemical> 80% pure 15
Species is in a family that resides in North America 15
Toxicity value calculated or calculable (e.g.,s5)@hat accounts for bioavailability* 15
Acceptable ontrolresponse 15
Total 100

LCso = exposure concentration that is lethal to 50% of a test population.

*The toxicity valueaccountdor bioavailability if it is 1) a measured sediment concentration normalized to
the organic carbooontent, 2) a measured interstitial water concentration that is normalized to the dissolved
organic carbon concentration, 3) an interstitial water concentration estimated iprssi

microextraction or another nadepleting technique, or 4bioaccesble concentration estimated via

Tenax ® or another depletion technique.
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Table9 Documentation evaluation for singdpecies spiked sediment toxicity test data.
Full score is given if parameter is reported; O score is giveot.if
Based on ASTM 2013; ECOTOX 2006; TenBrook et al. 2010; USEPA 1996a, 2001.

Parameter Score
Results published or in signed, dated format 6
Exposure duration 8
Control type(e.g., solvent, dilution water) 8

Organism information (i.e., age, li#age, etc.)

Source 4

Agellife stage/size/growth phase 4
Chemical

Grade or purity 5

Analytical method (if measured) 4

Nominal concentrationis interstitial water and/or sediment 2

Measuredestimatecconcentrationi interstitial water and/or 10
sediment

Exposure typ& renewal frequency 4

Overlying water

Source 2
Hardness 1
Alkalinity 1
Conductivity 1
pH 1
Dissolved oxygen 2
Temperature 3
Photoperiod and/or light intensity 1
Sediment
Particlesize distribution 1
TOC 3
Sediment spike method 4
Sediment spike equilibration time 4
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Parameter Score

Statistics
Methods identified 5

Hypothesis tests

Statistical significance 2
Significance level 2
Minimum significant difference 2
% of control at NOEGnd/or LOEC 2
Point estimates (@., LCso, EC,, etc.) 8
Total 100

EC,5 = exposure concentration that causes effect in 25% of a test populatigr, €xposure
concentration that is lethal to 50% of a test population, LOEC = lowest observed effect concentration,
NOEC = no observed effect concentration, TOC = total organic carbon.
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Table10 Acceptability evaluation for singlspecies spiked sediment toxicity test data.
Score is given if the parameter meets standard test guidance; a score of 0 is given if the
parameter is not reported or does not meet test guidance.

Adapted from ECOTOX 200G;enBrook et al. 2010.

Parameter Score
Acceptable standard (or equivalent) method used (e.g., ASTM, USEPA, OECD, 5
Environment Canada)
Test was of appropriate duration 2
Control
Appropriate (e.g., solvent control included, if carrier was used) 5
Response within test guidance 10
Chemical
Purity > 80% pure 10
Measured concentrations within 20% of nominal 4
Sediment
Sediment spike method 4
Spike equilbration time adequate (L month) 6
Carrier solvent fully evaporated; score 4 ifswventapplied to sediment 4
Organisms
Appropriate size/age/growth phase 3
No prior contaminant exposure 3
Organisms randomly assigned to test containers 1
Adequate number per replicate/appropriate cell density 2
Feeding appropriate to standanéthods 3
Organisms properly acclimated and disefase prior to testing 1
Exposure type and renewal frequency appropriate to chemical 2
Overlyingwater source acceptable 2
Hardness within organism tolerance andeerlyingwater specifications 1
Alkalinity within organism tolerance and/or overlyimgter specifications 1
Dissolved oxyger» 60% 5

Temperaturavithin organism tolerance (3 ptand/or test guidance and held#d°C (3 pty 6
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Parameter Score

Conductivity within organism tolerance andfierlyingwater specifications 1
pH within olganism tolerance and/or overlyimgter specifications 1
Photoperiod and light intensity within organism tolerance and/or test guidance 1
Statistics
Adequate number of concentrations 3
Random or random blodkesign employed 2
Adequate replicatiof> 4 reps) 2
Appropriate spacing between concentrations (dilution factB) 2
Appropriate statistical method used 2

Hypothesis tests

Minimum significant difference (MSD) below recommended upper bound 1
NOEC responsesasonable compared to control 1
LOEC responsecasonable compared to control 1

Point estimates
LC/EC values calculable (i.e., no < or > results) 3

Total 100

ASTM = American Society for Testing and Materials, EC = effectivacentration, LC = lethal

concentration, LOEC = lowest observed effect concentration, NOEC = no observed effect concentration,
OECD = Organisation for Economic &@peration and Development, USEPA = United States
Environmental Protection Agency.
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Table11 Documentation and acceptability evaluation for data derived from aquatic
outdoor field and indoor model ecosystems experiments.
Adapted from ECOTOX 2006; Table from TenBrook et al. 2010.

Parametér Scoré
Results published or in signed, dated format 5
Exposure duration and sample regime adequately described 6
Unimpacted site (Score 7 for artificial systems) 7
Adequate range of organisms in systefhpfbducers, 4, 2°consumers) 6
Chemical

Grade opurity stated 6

Concentrations measured/estimated and reported 8

Analysis method stated 2
Habitat described (e.g., pond, lake, ditch, artificial, lentic, lotic) 6

Water quality

Source identified 2
Hardness reported 1
Alkalinity reported 1
Dissolved oxygen reported 2
Temperature reported 2
Conductivity reported 1
pH reported 1
Photoperiod reported 1
Organic carbon reported 2
Chemical fate reported 3
Geographic location identified (Score 2 for indoor systems) 2

Pesticide application

Type reported (e.g., spray, dilutor, injection) 2
Frequency reported 2
Date/season reported (Score 2 for indoor systems) 2
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Parametér Scoré

Test endpoints

Species abundance reported 3
Species diversity reported 3
Biomass reported 2
Ecosystem recovery reported 2
Statistics
Methods identified 2
At least 2 replicates 3
At least 2 test concentrations and 1 control 3
Doseresponse relationship observed 2
Hypothesis tests
NOEC determined 4
Significance level stated 2
Minimum significant difference reported 2
% of control at NOEC and/or LOEC reported or calculable 2
Total 100

LOEC = lowest observed effect concentration, NOEC = no observed effect concentration.
dCompiled from RIVM 2001, USEPA 1985 and 2003a, ECOTOX 2006, CCME 1995, ANZECC and
ARMCANZ 2000, OECD 1995a, and van der Hoeetmal 1997.

PWeighting based on ECOTOX 2006 and on data quality criteria in RIVM 2001 and OECD 1995a.
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Table12 Documentation and acceptability rating for data derived from terrestrial
laboratory/field experiments.

Score is given if the parameter is reported.

Adapted from ECOTOX 2006; Table from TenBrook et al. 2010.

Parametér Scoré
Exposure duration 20
Control type 7
Organism information (i.e., age, life stage, etc.) 8
Chemical grade or purity 5
Chemical analysis method 5
Exposure type (i.e., dermal, dietary, gavage, etc.) 10
Test location (i.e., laboratory, field, naturattificial) 5
Application frequency 5
Organism source 3
Organism number and/or sample number 5
Dose number S
Statistics

Hypothesis tests

Statistical significance 5
Significance level 5
Minimum significant difference 3
% of controlat NOEC and/or LOEC 3
Point estimates (i.e., Lig EC,, etc.) 4
Total 100

EC, = exposure concentration that causes effegrof a test population, L{g= exposureoncentration
that is lethal to 50% of a test population, LOEC = lowest observed effect concentration, NOEC = no
observed effect concentration.

#Compiled from ECOTOX 2006 and van der Hoeetial 1997.

®Weighting based on ECOTOX 2006.
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Table13 Default biomagnification factors (BMF) (ECB 2003).

log Kow BMF

<4.5 1
45-<5 2
518 10
>871 9 3
>9 1
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Table14 Toxicity Data Summary.
Developed from ASTM 2013; MacDonald aldjersoll 2002; TenBrook et al. 2010;
USEPA 19964, 2001. If a parameter is not reported, NR should be specified as the value.

Study reference:

Relevance Reliability

Score: Score:

Rating: Rating:
Parameter Value Notes

Results published or in signed, dated
format (Y/N)

Test method (e.gASTM E 170605)
Phylum

Class

Order

Family

Genus

Species

Family present in North America (Y/N)
Agel/size at start of test/growth phase
Source of organisms

Have organisms been pegposed to
contaminants®?Y/N)

Were animals acclimated and disefse?
(Y/N)

Were animals randomized¥/N)
Were test vessels randomizgd?N)
Test duration

Additional test durations

Effect 1

113



Parameter Value

Notes

Control response 1
Effect 2
Control response 2
Effect 3
Control response 3
Temperature
Exposure type (note renewal frequency)
Photoperiod/light intensity
Overlying water source
pH
Hardness
Alkalinity
Dissolved oxygen
Conductivity
TOC/DOC
AmmoniaN
Sedimensource
Organic carbon content

Particle size distribution (sand, silt,
clay)

Sediment spikenethod
Carrier solvenaddition

Sediment spike equilibration time

Sediment chemical
extractiofanalysismethod

Was interstitial water monitored? (Y/N)

Interstitial water isolation method
(if performed)

Evaporated?Y/N)
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Parameter Value Notes
Interstitial water chemical
extractiofanalysismethod
DOC of interstitial water
Feeding
Purity of test chemical
% Measured compared to nomitfr
measured matrix)
Were toxicity values calculated based or
nominal or measured/estimated
concentrations?
Concentration of carrier (if any) in test
solutions
Concentration 1 nom/meaisn(ts) # of reps & # of
individuals per
vessel:
Concentration 2 nom/measn(ts) # of reps & # of
individuals per vesse
Concentration 3 nom/meaisn(ts) # of reps & # of
individuals per vesse
Concentration 4 nom/meagn(ts) # of reps & # of
individuals per vesse
Concentration 5 nom/measn(ts) # of reps & # of
individuals per vesse
Concentration 6 nom/meagn(ts) # of reps & # of
individuals per vesse
Control description (e.g., blank, solvent) # of reps & # of
individuals per vesse
LCs (unity Method:
ECso (unity Method:
EC, (unity
NOEC (nits) Method:
p:
MSD:

LOEC (unity

MATC (GeoMean NOEC,LOECunits)

Same as above
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Parameter Value Notes

% of control at NOEC

% of control at LOEC

ASTM = American Society for Testing and Materials, DOC = dissolved organic carbgn=E&posure
concentration that causes effect in 50% of a test populatiog,A.€xposure concentration that is lethal to 50%
of a test population, LOEC = lowest observed effect concentration, MAM&d@mum acceptable toxicant
concentrationmneas = measured, MSD = minimum significant difference, NOEC = no observed effect
concentrdbn, nom = nominal, reps = replicates, p-wglue for statistical significance, TOC = total organic
carbon, USEPA = United States Environmental Protection Agency.

Notes:

Reliability points taken off for:
DocumentationTable9):

Acceptability Table10):
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Table15 Acute aquatic toxicity concentration data set used to derive updated assessment factors for the UC Davis Sediment Method.
Toxicity concentrationsng/L) are species mean acute values and are ordered from low to high (rank); expanded from TenBrook et al. 201

Rank Ald® Atr?  Bif® ChF cpf Cyf" Cyp” DDT® Dia® Die® Endog End Hepf Lcy’ Lin® Pef Txp?

1 4 3000 0.065 3 0.035 0.002 0.0® 036 034 25 034 0.15 0.9 0.002 2 0.0211 0.8
3 7 3
2 45 5300 0.088 6.3 0.0427 0.062 0.05 11 052 45 0.83 032 1.1 0.0 10 0.0896 1.3
8
3 6.1 6300 0.105 15 0.06 0.155 0.07 1.4 179 5 2.3 0.33 1.8 0.06 105 0.189 1.962
9

4 74 6700 0.15 26 0.0654 0.16 0.1 1.6 415 6.1 3.2 041 28 0.013 32 0.21 2
5 14700 0.35 26 0.1 0.251 0.147 1.7 4.3 8 3.7 044 7.8 0.026 32 0.21 2.3
6 9 20000 0.405 37 0.15 0.5 0.2 1.7 10.7 81 3.8 046 131 0.03 40 0.32 3
7

8

9

(0]

10 27000 1.6 40 0.22 0.998 0.2 1.9 16.82 10.8 5.8 0.47 23.6 0.038 44 0.664 3.1

16 49000 2.615 45 0.25 249 0.2 1.9 460 15 6 054 24 0.047 44 15 3.446

21 60000 56 1 0.6 2.4 723 20 88 0.69 26 0.078 45 1.58 3.7
10 27 57 4.7 0.683 2.6 1643 22 261 0.75 29 0.15 48 1.7 3.822
11 27 58 6 0.7 3 3198 24 0.76 42 0.16 556 1.71 4.874
12 28 59 8 0.9 3 4441 39 078 473 0.16 64 25 5.782
13 32 82 10 1 3.2 7804 41 085 61.3 0.2 67.1 271 6
14 34 190 15.96 2 3.5 130 1 78 0.27 68 3.34 6.7
15 42 178 3.9 213 1.1 819 03 83 4.16 10
16 45.9 806 4 250 1.2 101 0.4 90 54 10.12
17 50 2410 4.3 567 1.3 148 0.5 138 5.95 10.8
18 143 4.9 620 15 320 064 1411 7.0 11.85
19 180 5 740 1.8 2.3 207 9.38 12
20 7.3 21 3.3 460 13
21 7.8 3.1 485 13
22 7.8 4.7 676 13.78
23 8 59 14.59
24 8.5 32 14.6
25 9.3 34 15.68
26 10 60 16.71
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Rank Ald® Atr?  Bif® ChF cpf Cyf" Cyp” DDT® Dia® Die® Endog8 End Hepf Lcy® Lin® Pef Txp?

27 12 64 17.61
28 14 352 18

29 17 20

30 18 24

31 25 26

32 33 31.75
33 40 40

34 48 73.48
35 48 140
36 54 210
37 67 500
38 68

39 175

40 192

41 362

Ald = aldrin, Atr = atrazine Bif = bifenthrin, Chl = chlordaneCpf = chlorpyrifos Cyf = cyfluthrin, Cyp = cypermethrirDT=dichlorodiphenyltrichloroethan®ia =
diazinon, Diel = dieldn, Endos = endosulfafsnd= endrinHept = heptachlor, Lcy s-cyhalothrin,Lin = lindane,Per = permethrin, Txp = toxaphene, UCDSM =
University of California Davis sediment method, USEPA = United States Environmental Protection Agency.

8US EnvironmentalProtectionAgencywater quality criteria documenf§SEPA 19804 g, 1986ab, 2003¢ 20053 summarized in TenBrook et al. 2010

UC Davis Method data (Palumleb al. 202, Fojut et al. 2012)
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Table16 Compilation of the 98 percentile of factors for subsets ebksamples.
Median values in the last row are the summary assessment factors for each sample size.

Subset size 5 4 3 2 1
Aldrin 5.55 5.76 6.58 10.28 10.28
Bifenthrin 2.45 2.45 2.45 2.45 2.45
Chlordane 1.79 4.42 4.78 4.78 4.78
Chlorpyrifos 8.70 12.66 237.33 237.33 237.33
Cyfluthrin 7.84 7.84 7.84 7.84 7.84
Cypermethrin 8.74 8.74 8.74 8.74 8.74
DDT 3.07 4.13 4.72 9.21 63.74
Diazinon 10.46 26.97 42.40 42.40 42.40
Dieldrin 3.42 6.97 12.36 79.26 234.60
Endosulfan 1.20 11.28 21.15 21.15 21.15
Endrin 3.30 4.73 5.16 137.70 137.70
Heptachlor 4.36 20.41 37.38 73.68 73.68

Lambdacyhalothrin  31.96 31.96 134.57 134.57 43.25

Lindane 6.94 7.36 7.36 7.36 7.36
Permethrin 4.57 5.08 5.08 5.08 5.08
Toxaphene 5.61 7.73 8.18 13.46 117.80
Median (summary) 5.1 7.5 8 12 32
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Table17 Median %" percentile toxicity value estimates for sample sizes®atute

toxicity values using summary assessment factors (AFs) Tiadste 16 Compilation of

the 95" percentile of factors for subsets eblsample.able16.

All median species sensitivity didtrition (SSD) & percentiles are Burr Type Il unless
otherwise noted. All values have unitg/L. Bold values are larger than the median SSD
5" percentile for the chemical.

Sample size 5 4 3 2 1 SSD % percentile Lowest value
(median) in data sét
Summary AFs 51 7.5 8 12 32
Aldrin 1.23 1.01 1.08 1.03 0.58 4.86 4
Bifenthrin 0.0013  0.00086 0.00081 0.00055 0.00020 0.0027 0.0065
Chlordane 1.95 1.46 1.65 1.31 0.64 8.37 3
Chlorpyrifos 0.014 0.011 0.020 0.029 0.025 0.025 0.035
Cyfluthrin 0.0029 0.0020 0.0019 0.0012 0.00047 0.0079 0.0023
Cypermethrin 0.0056 0.0039 0.0037  0.0027 0.0010 0.023 0.0027
DDT 0.23 0.18 0.21 0.21 0.15 0.85 11
Diazinon 0.13 0.13 0.22 0.29 0.30 0.40 0.34
Dieldrin 0.87 0.76 0.94 1.16 4.41 3.15 25
Endosulfan 0.067 0.08 0.12 0.18 0.19 0.28 0.34
Endrin 0.074 0.058 0.067 0.091 0.12 0.23 0.15
Heptachlor 0.27 0.23 0.30 0.37 0.28 0.64 0.9
Lambdacyhalothrin  0.0013 0.0011 0.0012 0.00098 0.00051 0.0037 0.0023
Lindane 2.27 1.72 1.85 1.28 0.56 6.52 2
Permethrin 0.0135 0.0097 0.0097  0.0072 0.0029 0.041 0.0211
Toxaphene 0.48 0.40 0.51 0.64 1.22 1.78 0.8
*FromTable15.

®The median 8 percentile value is from a leiggistic distribution.
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Table18 Assessment factors used to calculate interim acute BSQC.

Number of requird taxd  Assessment Factor (AF

1 32
2 12
3 8
4 7.5
5 5.1

®Required taxa for use of a species sensitivity distribution (se8#bh.), which are 1) an
epibenthic crustacean, 2) a benthic insect, 3) an infaunal invertebrate, 4) skaotiphibian
fish, orother unrepresented phylum, and 5) a benthic invertebrate fromrepresented family.
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Table19 Calculation of default acut®-chronic ratio (ACR).

Chemical ACR
Chlordané 14
Chlorpyrifog 2.2
Cyfluthrin® 10.27
Diazinor? 2.3
Dieldrin® 8.5
Endosulfaf 3.9
Endrirf 4.0
Lambdacyhalothrir? 4.73
Lindané 25
Parathiof 10
Default ACR (80" percentile) 11.4

*From Hostet al 1995; originally from US Environmental Protection Agency criteria documents.
From UC Davis criteria reports (Fojut et al. 2012; Palumbo €0dI2)
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Table20 Physicalchemical properties of bifenthrin.

Property Bifenthrin
Chemical formula C,3H5,CIF;0,
Chemical Abstract Service (CAS) number 8265%04-3
California Department of Pesticide Regulation cleatrcode 2300

Classification

Molecular weight

Density (g/mL)

Water solubility (mg/L)

Melting point (°C)

Vapor pressure (Pa)

Henryods | &y(Pardmos't ant (
Log-normalized organic carbemater partition coefficient (Iooc)

Log-normalized octanelvater partition coefficient (Ioéow)

EPA Class C Carcinogén
422.87

1.24 (geomean, n=2)
0.001 (geomean, n=2)
69.3 (geomean, n=2)
2.41x10° (geomean, n=2)
0.24 (geomean, n=2)
5.40 (geomean, n=9)
6.00

JEXTOXNET 1995
Sangster Research Laboratories 2010
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Table21 Koc andKpoc geometric mean calculatisrior bifenthrinusingacceptable

values.

Koc Kpoc Reference

237,000 - Laskowski 2002

380,000 190,000 Xu et al. 2007

650,000 170,000 Xu et al. 2007

700,000 180,000 Xu et al. 2007

980,000 350,000 Xu et al. 2007

236,610 - FOOTPRINT 2010

110,000 250,000 Bondarenko et al. 2006

700,000 2,740,000 Bondarenko et al. 2006

4,265,795 - Maul et al. 2008

501,187 - Maul et al.2008

524,118 334,225 Geometric mean

524,000 334,000 Rounded geometric mean
(3 significant figures)

5.72 5.52 Log geometric mean
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Table22 Final acute toxicity data used to calculate bifenthrin bioavailable sediment quality criteria.
All studies were rated relevant and reliable (RR).

Common Tem Sediment
Species Family Duration (d) . P Endpoint Agel size LC/EC50(95% % OC Reference
name (°C)
Cl) (ug/g OC)

Chironomus Midge . Growth d

dilutus (Insect) Chir. 10 23 (AFDM) 3% instar 14.2(10.916.5) 5.5 a
~ ~ = Growth d
f f fi 10 23 (AFDM) 3" instar 6.96(6.097.83) 2.3 b

Chironomus Midge . .

dilutus (Insect) Chir. Geometric mean 9.9

Hyalella azteca Amphipod Hyal. 10 23+1 Survival 7d 0.18 (0.160.20) 21 C
f f f 10 23401 Survival 7-10d 0.76(0.69-0.85) 0.56 d
fi f f 10 2310.1 Survival 7-10d 0.73 (0.620.84) 1.77 d
fi f f 10 2310.1 Survival 7-10 d 0.76 (0.690.85) 1.77 d
f f f 10 23101 Survival 7-10 d 0.89 (0.741.04) 1.77 d
f f f 10 23101 Survival 7-10 d 0.97 (0.821.10) 1.77 d
fi f f 10 2310.1 Survival 7-10 d 0.73 (0.620.84) 4.43 d

Hyalella azteca Amphipod Hyal. Geomdric mean 0.65

LCso = exposure concentration lethal to 50% of a test populdfiGeg, = exposure concentration that causes effect in 50% of a test popuCticonfidence
interval, OC = organic carbon, Chir. = Chironomid&R = static renewallGR = instantaneous growth rate, Hyal. = Hyalellidae.
#Putt20063, "Picard et al2010h “Picard2010a, “Weston& Jacksor2009.
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Table23 Acceptable aate toxicitydata excluded in the data prioritization process for bifenthrin.
All studies were rated relevant and reliable (RR)

Converted Measured

Common Duration  Tem Agelsi Sediment o interstitial estimated
Species name Family (d) (Qc)p Endpoint gze LC/ECs O(()Z water interstitial Ref Excl
P (eggl/g LC/ECs, water LCsg
(ng/L) (ng/L)
Chironomus Midge . Growth 3rd
dilutus (Insect) Chir. 10 23 (IGR) instar 1.5(1.21.6) 0.97 - - a 1
; P rd
Chironomus  Midge . 10 23 Immobilty .o, 2.2(1.92.4) 0.97 i i a 1
dilutus (Insect) instar
f f rd
Chironomus  Midge oy 10 23 Survival 3 15.2 23 - - b
dilutus (Insect) msgar
I
i f f 10 23 suvival .o 62(5.187) 0.97 i i a
instar
. N N . 2739 29.0(20.1
fi i i 10 23 Survival instar 40.8) 1.44 - 48 c
. . . . 2".3¢  29.8(19.5
fi i i 10 23 Survival instar 50.8) 1.88 - 53 c
N . . . 239 18.3(12.1
fi fi fi 10 23 Survival instar 28.7) 5.03 - 48 c
fi fi fi Geometric mean 11.7 50 2
Hyalella )\ ohipod — Hyal. 10 98 guviva 21 0105 069 0028 i d 3
azteca +1 d

"A site-specificKoc of 4,265,795 was available for this study to calculate the converted interstitial water concentration.

LCso = exposure concentration lethal to 50% of a test populdfiGe, = exposure concentration that causes effect in 50% of adpsltgtion, OC = organic
carbon, Ref = referencExcl. =reason foexclusion, Chir. = Chironomidae, Hyal. = Hyalellid&& = static renewal.

®Maul et al. 2008, "Picard et al. 20105Xu et al. 2007?Maul et al. 2008b.

Nonstandareéndpoint

’Data withmore sensitive (standard) endpoint available

3Data at standard temperature available.
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Table24 Supplemental studies excluded from bifenthnimavailable sediment qualityiteria derivation
Studiesratedless relevant and/or less reliable: RL, LR, or LL.

Measured
LCIEC /estimate
. Common . Duratio  Temp . Agelsi 0 g o d- MATC Rating,
Species nam Family n(d °C Endpoint z (egl ocC interstitia na/L Ref Excl
ame (d) °C) e oC) | water (ng/L) c
LCso
(ng/L)
Ampelisca . Ampelisc . 0.7
abdita Amphipod idae 10 20 Survival NR 0.18 8 - - a LL, 1
f f f 10 20 Survival NR  0.067 2'7 - - a LL, 1
; ; i rd
thronomus Midge Chir 10 23 Immobilit _ 3 5 46 0.5 497 i b RL. 5
dilutus (Insec) y instar 6
iR rd
A A A 10 o3 Immobilit 3 402 1 417 - b RL, 5
y instar 7
R rd
i i i 10 o3 Immobilit 3 187 4 149 : b RL, 5
y instar 3
iR rd
. . . 10 23 Immobilit _ 3 22(19 09 i i c LR, 2
y instar 2.4) 7
Chironomus Midge . Growth 3 2416 09 ECy: 1.0
dilutus (nsecty ~ CN" 10 23 (AFDM) instar  2.8) 7 ; 0713 °© LR, 2
" T nd _
Chironomus Midge Chir. 10 23 Suvival 2 g1 9 - d LR, 4
dilutus (Insect) instar 83
N N N . 3¢ 0.5 -
f f f 10 23 Survival . 9.0 8.84 b RL, 5
instar 6
3 3 3 _ 3 1.7 -
fi i i 10 23 Survival . 6.1 6.35 b RL, 5
instar 7
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Measured

LCIEC /estimate
. Common . Duratio  Temp . Agelsi 0 g o d- MATC Rating,
Species nam Family n(d °C Endpoint z (egl ocC interstitia na/L Excl
ame (d) °C) e oC) | water (ng/L) c
(ng/L)
rd
fi f f 10 23 Survival . 3 4.3 4.4 3.28 RL, 5
instar 3
2nd_3rd
fi i i 10 21-24 Survival . >2500 55 - - LR, 3
instar
Eohaustorius 1 hinog  HaUStori 4 15  Suvival NR 00012 - ; LL, 1
estuarius dae 78
~ ~ ~ . 0. 00.
fi i i 10 15 Survival NR 0008 78 - - LL, 1
Hyalellaazte@a Amphipod Hyal. 10 23+1 Growth 7d >0.37 21 - - RL. 3
Hyalellaazte@ Amphipod Hyal. 10 23 Imm;blht 7-10d 0.631 065 0.400 - LR, 5
f f f 10 23 'mm;b"'t 710d  0.625 17'7 0.458 ; LR, 5
f f f 10 23 'mm;b"'t 710d  0.391 43'4 0.448 ; LR, 5
. . 0.0 -
Hyalella azteca Amphipod Hyal. 10 18 Survival  7-10d 0.450 187 - RL, 5
~ ~ ~ . 0.9 -
fi i i 10 23 Survival  7-14d 0.197 83 - LR, 4
~ ~ ~ . 1.7- -
fi i i 10 23 Survival  7-10d 0.26 51 - RL, 5
~ ~ ~ . 2.0 -
fi fi fi 10 23 Survival  7-14d 0.22 0 - RL, 5
fi fi fi 10 23 Survival 6-10d 037 6.5 - ) LL. 4,5
f i i 10 23 Survival 6-10d 0.57 1.1 - i LL. 4,5
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Measured

LCIEC /estimate
. Duratio  Temp . Agelsi 0 g o d- MATC Rating,
Species N (d oC Endpoint , (egl oc interstitia /L Ref Excl
@ (O e 50 water (Ng/L) cl.
LCso
(ng/L)
fi 10 23 Survival 6-10 d 0.63 1.4 - i ] LL. 4,5
o . 0.0 -
f 10 23 Survival  7-10d 0.99 187 - g RL, 5
fi 10 23 Survival 7-10d 0.784 175 0.540 b RL, 5
o . 0.5
fi 10 23 Survival 7-10d 0.829 60 0.563 b RL, 5
o . 4.4
fi 10 23 Survival  7-10d 0.592 30 0.594 b RL, 5
Leptocheirus 28 2427 Suvival M 59 4 ) 2.0 k LR, 1
plumulosus es
Leptocheirus 28 2427  Growth eMA a0 4y 2.0 k LR, 1
plumulosus

Aor. = Aoridae,Chir. = Chironomidae, Efz= exposure concentration that causes effect in 50% of a test population, Eeadon foexclusion Hyal. =
Hyalellidae ,Koc = organic carbomormalized solidvater partition coefficient, LE = exposure concentration lethal to 50% of a test popula@i@n+ organic
carbon, Ref = referencg, = static, SR = static renewal

aanderson et al. 2008Harwood et al. 2018 “Maul et al. 20084 Trimble et al. 2010°Putt2005aPicardet al. 2010a%Weston et al. 2009 "Amweg & Weston
2007a'Amweg & Weston 2007BAmweg et al. 2005*Putt 2005b.

Saltwater

2 Control response not reportednot acceptable

3Effects reported as > value

*Toxicity value not based on measured bioavailable concemtratio

®Low reliability score
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Table25 Multispecies field, serriield, laboratory, microcosrand/ormesocosm studider
bifenthrin.

Those rated R or L aresed asgpplementainformation for bifenthrin bioavailableediment
guality criteria calculation. Same as for bifenthrin water quality criteria (Fojut et al. 2012).

Reference Habitatdesign Rating
Auber et al. 2011 Outdoor pond mesocosm L
Drenneret al.1993 Outdoor tank mesocosm R
Hoaglandet al.1993 Outdoortank mesocosm R
Sherman 1989 Outdoor ponds R
Surprenant 1988 Indoor laboratory microcosm R

R = reliable.
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Collect Data

Section2.1, Table 1, Table 2

Ecotoxicity
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L
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L Section2.1.2 Table 3
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~N

y
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Figure 1Flow chart for the collectiorgrganizationand prioritiationof data used to derive the bioavailable sediment quality criteria.

Details on the process are found in the sections and tables listed in bold.
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with magnitude, duration with magnitude, duration
andfrequency and frequency

Figure 2 Criteria derivation flow chart for the UCDSM. Details on the process are found in the sections and tables listed in bold.
Modified from TenBrook et al. (2010).
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134

(Z)-1R)-cis-acid Q
F
o]



References

Adams WJ, Kimerle RA, Mosher R@985 Aquatic safety assessment of chemicals
sorbed to sediments. I€ardwell RD, Purdy R, Bahner RC, eds, Aquatic
Toxicology and Haard Assessment: Seventh Symposium. STP 854. American
Society for Testing and Materials, Philadelphia, PA, pp-423

Aldenberg T (1993) ETX 1.3a. A program to calculate confidence limits for hazardous
concentrations based on small samples of toxicity. ddational Institute for
Public Health and the Environment (RIVM), Bilthoven, The Netherlands

Amweg EL, Weston DP (2007a) Whole sediment toxicity identification evaluation tools
for pyrethroid insecticides: I. Piperonyl butoxide additiBnviron ToxicolChem
26:23892396

Amweg EL, Weston DP (2007b) Whole sediment toxicity identification evaluation tools
for pyrethroid insecticides: Il. Esterase additiBnviron Toxicol Chen26: 2397
2404.

Amweg EL, Weston DP, Ureda N (2005) Use and toxicity of pyrethpesgdicides in the
Central Valley, CA, USA. Environ Sci Technol24:9882

Amweg EL, Weston DP, You J, Lydy MJ (2006) Pyrethroid insecticides and sediment
toxicity in urban creeks from California and Tennes&swiron Sci
Techno#0:17001706

Anderson BS, dnt JW, Phillips BM, Nicely PA, Gilbert KD, de Vlaming V, Connor V,
Richard N, Tjeerdema RS (2003) Ecotoxicologic impacts of agricultural drain
water in the Salinas River, California, USA. Environ Toxicol Chem 22:2375
2384

Anderson B, Lowe S, Phillips BMHunt JW, Vorhees J, Clark S, Tjeerdema RS (2008)
Relative sensitivities of toxicity test protocols with the amphidéolsaustorius
estuariusandAmpelisca abditaEcotoxicology and Environmental Safé&9:24
31.

Anderson BS, Phillips BM, Hunt JW, Conndr Richard N, Tjeerdema RS (2006)
Identifying primary stressors impacting macroinvertebrates in the Salinas River
(CA, USA): Relative effects of pesticides and suspended partites.on Poll
141:402408

135



ANZECC and ARMCANZ (2000) Australian and New Zeadaguidelines for fresh and
marine water quality. Australian and New Zealand Environment and Conservation
Council (ANZECC) and Agriculture and Resource management Council of
Australia and New ZealandMRCANZ), Canberra, Australia

ASTM (1997) Standard temethod for partition coefficient {actanol/water) estimation
by liquid chromatography. Annual book of standards, E 42l7American
Society for Testing and MaterigldSTM), West Conshohocken, PA

ASTM (2001a) Practice for determination of hydrolysi® reonstants of organic
chemicals in aqueous solutions. Annual book of standards, B®%smerican
Society for Testing and MaterigldSTM), West Conshohocken, PA

ASTM (2001b) Test method for determining a sorption consks) (for an organic
chemicalin soil and sediments. Annual book of standards, E -DlI9%merican
Society for Testing and MaterigldSTM), West Conshohocken, PA

ASTM (2002a) Guide for conducting bioconcentration tests with fishes and saltwater
bivalve mollusks. Annual book of standar E 102201. American Society for
Testing and MateriallASTM), West Conshohocken, PA

ASTM (2002b) Test method for measurements of aqueous solubility. Annual book of
standards, E 11482. American Society for Testing and MaterighSTM), West
Conshohocgn, PA

ASTM (2007) Standard guide for conducting whole sediment toxicity tests with
amphibians. American Society of Testing and Matef{@STM). ASTM
designation: E 25907

ASTM (2013) ASTM Standard E17065(2010).Standard tests method for measuring
thetoxicity of sedimenassociated contaminants with freshwater invertebrates.
American Society of Testing and MaterigdsSTM) International, West
Conshohocken, PA

ASTM (2017 Standard Test Method for Determination of Parent and Alkyl Polycyclic
Aromatics inSediment Pore Water Using Selthase Microextraction and Gas
Chromatography/Mass Spectrometry in Selected lon Monitoring Mode, BD7363
11. American Society for Testing and Materials (ASTM), West Conshohocken,
PA

Auber A, Roucaute M, Togola A, Caquet T (205tructural and functional effects of
conventional and low pesticide input crpptection programs on benthic
macroinvertebrate communities in outdoor pond mesocosms. Ecotoxicol 20:2042
2055

136



Bailey HC , Deanovic L , Reyes E , Kimball T, Larson K, @ght K , Connor V ,
Hinton DE (2000) Diazinon and chlorpyrifos in urban waterways in Northern
California, USA . Environ Toxicol Chem 19: 8287

Bacey J, Starner K, Spurlock F (2004) The Occurrence and Concentration of
Esfenvalerate and Permethrin in Waded Sediment in the Sacramento and San
Joaquin Watersheds. CDPR+H04-01

Barata C, Baird DJ, Nogueira AJA, Soares AMVM, Riva k2006 Toxicity of binary
mixtures of metals and pyrethroid insecticide®&phnia magnéatraus.
Implications for multisubsénce risks assessmeAtuat Toxicol78:1-14

Bondarenko S, Gan J (2004) Degradation and sorption of selected orgsitgtie and
carbamate insecticides in urban stream sediments. Environ Toxicol Chem
23:18091814

Bondarenko S, Gan(2009 Simultaneous mearement of free and total concentrations
of hydrophobic compound&nviron Sci Techno#t3:37723777

Bondarenko S, Putt A, Kavanaugh S, Poletika N, G&®©06 Time dependence of
phase distribution of pyrethroid insecticides in sedimentiron Toxicol Giem
25: 31483154

Bondarenko S, Spurlock F, Gaii2D07) Analysis of pyrethroids in sediment porewater
by solidphase microextractiofenviron Toxicol Chen26:25872593

Brander SM, Werner I, White JW, Deanovic (2009 Toxicity of a dissolved
pyrethroid nixture toHyalella aztecaat environmentally relevant concentrations.
Environ Toxicol Chen?28:14931499

Brausch KA, Anderson TA, Smith PN, Maul JD (2010) Effects of functionalized
fullerenes on bifenthrin and tribufos toxicity Bmphnia magnaSurvival,
reproduction, and growth rate. Environ Toxicol Chem 29: 25806

Brennan AA, Harwood AD, You J, Landrum PF, Lydy MJ (2009) Degradation of fipronil
in anaerobic sediments and the effect on porewater concentrations. Chemosphere
77:2228

Budd R, Bondarenko $aver D, Kabashima J, Gan J (2007) Occurrence and
bioavailability of pyrethroids in a mixed land use watershed. J Environ Qual
36:10061012

Burns LA (2004) Exposure Analysis Modeling System (EXAMS): User manual and
system documentation. EPA/6000R/081

137



Burr IW (1942) Cumulative frequency functiodmn Math Stat3:215232.

California SWRCB (2011) State Water Resources Control B@&MRCB)website.
[Accessed January 24, 2011]. Available from:
http://www.waterboards.ca.gov/about_us/water_boards_structure/mission.shtml

Campbell E, Palmer MJ, Shao Q, Warne M, Wilson D (2000) BurrliOZ: a computer
program for calculating toxicant trigger values for the ANZECC and ARMCANZ
water quality guidelines. In: National Water Quality Management Strategy,
Australian and New Zealand Guidelines for Fresh and Marine Water Quality.
Australian and New Zealand Environment and Conservation Council and
Agricultural and Resource Managemenu@all of Australia and New Zealand,
Canberra, Australia. Available lttp://www.cmis.csiro.au/Envir/burrlioz/

CCME (1995) Protocol for the derivation of Canadian sediment quality guidelines for the
protection of aquatic life. Canadian Council of Ministefshe Environment
(CCME). 1995 CCME EP®S8E

CDPW (2013) State and federally listed endangered and threatened animals of California.
California Natural Diversity Database. California Department of Fish and
Wildlife, Sacramento, CA.
http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEAnimals.pdf

CDWR (1995) Compilation of sediment & soil standards, criteria & guidelines. Quality
assurance technical document 7. California Department of \Rat&urces
(CDWR). Sacramento, CAAvailable from:
http://www.water.ca.gov/pubs/waterquality/municipal_wq_investigations/mwqi_t
echnical_documents/compilation_of soil_and_sediment_standards_criteria_and_
guidelines/compilation_of_soil_and_sedimerdinsiards_criteria_and_guidelines.
february 1995.pdf

Chapman PM, Faribrother A, Brown D (1998) A critical evaluation of safety
(uncertainty) factors for ecological risk assessment. Environ Toxicol Chem-17:99
108

Clark JM, Matsumura F (1982) Two different &goof inhibitory effects of pyrethroids on
nerve Caand CaAMg ATPase in the squid,oligo pealeaPest Biochem Physiol
18:1806190

CRWQCBCVR (2010) 2010 California303(d) List of Water Quality Limited Segments.
Central Valley Regional Water Quality Control Board web site. [Accessed
September 12012]. Available from:

138


http://www.waterboards.ca.gov/about_us/water_boards_structure/mission.shtml
http://www.waterboards.ca.gov/about_us/water_boards_structure/mission.shtml
http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/TEAnimals.pdf
http://www.water.ca.gov/pubs/waterquality/municipal_wq_investigations/mwqi_technical_documents/compilation_of_soil_and_sediment_standards_criteria_and_guidelines/compilation_of_soil_and_sediment_standards_criteria_and_guidelines._february_1995.pdf
http://www.water.ca.gov/pubs/waterquality/municipal_wq_investigations/mwqi_technical_documents/compilation_of_soil_and_sediment_standards_criteria_and_guidelines/compilation_of_soil_and_sediment_standards_criteria_and_guidelines._february_1995.pdf
http://www.water.ca.gov/pubs/waterquality/municipal_wq_investigations/mwqi_technical_documents/compilation_of_soil_and_sediment_standards_criteria_and_guidelines/compilation_of_soil_and_sediment_standards_criteria_and_guidelines._february_1995.pdf
http://www.water.ca.gov/pubs/waterquality/municipal_wq_investigations/mwqi_technical_documents/compilation_of_soil_and_sediment_standards_criteria_and_guidelines/compilation_of_soil_and_sediment_standards_criteria_and_guidelines._february_1995.pdf

http://www.waterboards.ca.gov/rwgcb5/water_issues/tmdl/impaired_waters_list/2
008 2010 _usepa_303dlist/20082010 usepa_aprvd_303dlist.pdf

CRWQCBCVR (2011) The Water Quality Control Plan (Basin Plan) for @aifornia
Regional Water Quality Control Board Central Valley Region, fourth edition, the
Sacramento River Basin and the San Joaquin River Basin. [Acc@sgaanber
21, 2012]. Available from:
http://www.waterboards.ca.gov/rwgcb5/water_issues/basin_plans/sacsjr.pdf

CSIRO (2001) BurrliOZ v. 1.0.13. Commonwealth Scientific and Indudeéslearch
Organization, AustralidAvailable at:http://www.cmis.csiro.au/Envir/burrlioz/

Davies NA, Edwards PA, Lawrence MAM, Taylor MG, Simkiss K. Influence of particle
surfaces on the bioavailahylito different species of 2dichlorophenol and
pentachlorophenol. Environ Sci Technol 33:24868.

de Bruijn J, Busser F, Seinen W, Hermens J (1989) Determination of octanol/water
partition coefficients for hydrophobic organic chemicals with the stowirg
method Environ Toxicol Cheri: 499412

de Perre C, Trimble AJ, Maul JD, Lydy MJ (2014) Ecological bioavailability of
per met hr {DDT: doridty depernd®on type of organic matter resource.
Chemosphere 96:673

Diaz RJ, Rosenberg R (1996) Tinduence of sediment quality on functional aspects of
marine benthic communities. In: Munawar M, Dave G (eds). Development and
progress in sediment quality assessment: Rationale, challenges, techniques and
strategies. SPB Academic Publishing, Amsterdahne, Nletherlands

Dileanis PD, Bennett KP, Domagalski JL (2002) Occurrence and transport of diazinon in
the Sacramento River, California, and selected tributaries during three winter
storms, Januariebruary, 2000. United States Geological Survey, Water
Resouces Investigations Report 02101

Dileanis PD, Brown DL, Knifong DL, Saleh D (2003) Occurrence and transport of
diazinon in the Sacramento River and selected tributaries, California, during two
winter storms, Januatyebruary, 2001. United States GeolaiSurvey, Water
Resources Investigations Repori 8311

Ding Y, Landrum PF, You J, Harwood AD, Lydy MJ (2012a) Use of solid phase
microextraction to estimate toxicity: Relating fiber concentrations to toxicity
Part I. Environ Toxicol Chem 31:2158167

139


http://www.waterboards.ca.gov/rwqcb5/water_issues/tmdl/impaired_waters_list/2008_2010_usepa_303dlist/20082010_usepa_aprvd_303dlist.pdf
http://www.waterboards.ca.gov/rwqcb5/water_issues/tmdl/impaired_waters_list/2008_2010_usepa_303dlist/20082010_usepa_aprvd_303dlist.pdf
http://www.waterboards.ca.gov/rwqcb5/water_issues/basin_plans/sacsjr.pdf
http://www.cmis.csiro.au/Envir/burrlioz/

Ding Y, Landrum PF, You J, Harwood AD, Lydy MJ (2012b) Use of solid phase
microextraction to estimate toxicity: Relating fiber concentrations to body
residued Part Il. Environ Toxicol Chem 31:2168174

Ding Y, Landrum PF, You J, Lydy MJ (2013) Assessimapkailability and toxicity of
permethrin and DDT in sediment using matrix solid phase microextraction.
Ecotoxicol 22:109117

Ding Y, Weston DP, You J, Rothert AK, Lydy MJ (2011) Toxicity of sediment
associated pesticides @hironomus dilutusndHyalella azteca Arch Environ
Contam Toxicol 61:832

Di Toro DM, Hansen DJ, DeRosa LD, Berry WJ, Bell HE, Reiley MC, Zarba CS (2002)
Technical basis for the derivation of equilibrium partitioning sediment quality
guidelines (ESGs) for the protection of benthigastisms: Nonionic organics.

Draft report. 822R-02-041. USEPA. Office of Science and Technology and
Office of Research and Development, Washington, DC

Domagalski JL, Weston DP, Zhang M, Hladik M (2010) Pyrethroid insecticide
concentrations and toxicity streambed sediment and loads in surface waters of
the San Joaquin Valley, California, USA. Environ Toxicol Chem 29823

Drenner RW, Hoagland KD, Smith JD, Barcellona WJ, Johnson PC, Palmieri MA,
Hobson JF (193) Effects of sedimerbound bifenthrin onigzard shad and
plankton in experimental tank mesocosms. Environ Toxicol Chem 121397

Dussault EB, Balakrishnan VK, Solomon KR, Sibley PK (2008) Chronic toxicity of the
synthetic hormone 17 alpfethinylestradiol taChironomus tentanandHyalella
azeca.Environ Toxicol Chem 27:2522529

Eadie FJ, Landrum PF, Faust WR (1982) Polycyclic aromatic hydrocarbons in sediments,
pore water, and the amphipBdntoporeia hoyfrom Lake Michigan.
Chemosphere 11:84358

ECB (2003) Technical guidance documentigk assessment in support of commission
directive 93/67/EEC on risk assessment for new notified substances, commission
regulation (EC) no. 1488/94 on risk assessment for existing substances, directive
98/8 EC of the European Parliament and of the cogoaiterning the placement
of biocidal products on the market. Part Il. Environmental Risk Assessment.
European Chemicals Bureau, European Commission Joint Research Center,
European Communities

140



ECETOC (1993) Technical report No. 58quatic toxidy data ewluation. European
Centre for Ecotoxicology and Toxicology of Chemicals, Brussels. Available at
http://www.ecetoc.org/technicaéports

ECOTOX (2006) ECOTOX code list. ReporsS@nvironmental Proteain Agency,
Washington DC

Elson PF (1967) Effects on wild young salmon of spraying DDT over New Brunswick
forests. J Fish Res Board Can 24i7837

Emans HJByanderPlassche EJ, Canton JH, Okkerman PC, Sparenburg PM (1993)
Validation of some extrapolationethods used for effects assessment. Environ
Toxicol Chem 12:2132154

Ensminger M, Bergin R, Spurlock F, Goh KS (2011) Pesticide concentrations in water
and sediment and associated invertebrate toxicity in Del Puerto and Orestimba
Creeks, California, 2002008. Environ Monit Assess 175:5887

EXTOXNET (1995) Pesticidenformationprofile, bifenthrin. The Extension Toxicology
Network. Oregon State University, Corvallis, OR.
http://extoxnet.orst.edpips/bifenthr.htm

Finney DJ (1942) The analysis of toxicity tests on mixtures of poisons. Ann Appl Biol
29:82 94

Fletcher DW (1983a)-8ay dietary LG study with FMC 54800 technical in mallard
ducklings. FMC Study No: A83/96®io-Life Associates, Ltd. Nidsville (WI),
USA: submitted to U.S. Environmental Protection Agency. USEHAD:
00132535

Fletcher DW (1983b) Acute oral toxicity study with FMC 54800 technical in mallard
ducks. FMC Study No: A83/968io-Life Associates, Ltd. Neillsville (WI), USA:
submitted to U.S. Environmental Protection Agency. USEWRID: 00132534

Fojut TL, Vasquez ME, Tjeerdema RS (2011) Methodologylésivation ofpesticide
sedimentquality criteria for theprotection ofaquaticlife. Phase I: Review of
existing methodologiesReport prepared by the University of California Davis for
the Central Valley Regional Water Quality Control Board. Available at:
http://lwww.waterboards.ca.gov/rwgcb5/water_issues/tmdl/central_valley projects
/central_valley pesticides/sediment_qualitytesta_method_development/ucd_s
ed_phaselfinal.pdf

141


http://www.ecetoc.org/technical-reports
http://extoxnet.orst.edu/pips/bifenthr.htm

Fojut TL, Palumbo AJ, Tjeerdema RS (2012) Aquatic life water quality criteria derived
via the UC Davis Method: Il. Pyrethroid insecticides. Rev Environ Contamin
Toxicol 216:51103

Fojut TL, Vasquez MEPoulen AH, Tjeerdema RS (2(R) Methods for deriving
pesticideaquatic life criteria forasdimens. Rev Environ Contamin Toxicol
224:97175

FOOTPRINT (2010) European Commissioiramework Programme for Research and
Development. University of Hertfordshire. Bifthrin general information page.
http://sitem.herts.ac.uk/aeru/iupac/Reports/78.htm

Gan J, Lee SJ, Liu WP, Haver DL, Kabashima JN (2005) Distribution and persistence of
pyrethroids in runff sedimentsJ Environ QuaB4:836841

Gerstl Z (1990) Estimation of organic chemical sorption by soils. J Contamin Hydrol
6:357 375

Ghosh U, Driscoll SK, Burgess RM, Jonker MTO, Teible D, Gobas F, Choi Y, Apitz SE,
Maruya KA, Gala WR, Mortimer M, Beegd (2014) Passive sampling methods
for contaminated sediments: Practical guidance for selection, calibration, and
implementation. Integr Environ Assess Manage DOI: 10.1002/ieam.1507

Giddings JM (2006) Overview of sediment toxicity studies with synthetietpsoids.
Performed by Compliance Services International 61 Cross Road Rochester, MA
02770. Sponsored by Pyrethroid Working Group c/o Fred Pearson Chair PWG
Coordination Committee Syngenta Crop Protection 410 Swing Road Greensboro,
NC 27409. DPR study 1I238267. EPA MRID: 46871501

Giddings JM, Solomon KR, Maund SJ (2001) Probabilistic risk assessment of cotton
pyrethroids: Il. Aquatic mesocosm and field studi&sviron Toxicol Chem
20:660668

Giesy JP, Solomon KR, Coats JR, Dixon KR, Giddings JM, KeB&géL999)
Ecological risk assessment of chlorpyrifos in North American aquatic
environments. Rev Environ Contam Toxicol 16029

Greenberg MS, Chapman PM, Allan 13, Anderson KA, Apitz SE, Beegan C, Bridges TS,
Brown SS, Cargill IV JG, McCulloch MC, Menz{@A, Shine JP, Parkerton TF
(2014) Passive sampling methods for contaminated sediment: Risk assessment
and management. Integr Environ Assess Manage DOI: 10.1002/ieam.1511

142


http://sitem.herts.ac.uk/aeru/iupac/Reports/78.htm

Harwood AD, Landrum PF, Lydy MJ (2012) Can SPME fiber and Tenax methods predict
the boavailability of biotransormed insecticides? Environ Sci Technol 46:2413
2419.

Harwood AD, Landrum PF, Lydy MJ (20483Bioavailability-based toxicity endpoints of
bifenthrin forHyalella aztecandChironomus dilutusChemosphere 90:1147
1122

Harwood AD,Landrum PF, Weston DP, Lydy MJ (2083Jsing SPME fibers and
Tenax to predict the bioavailability of pyrethroids and chlorpyrifos in field
sediments. Environ Pollut 173:561

Hawthorne SB, Azzolina NA, Neuhauser EF, Kreitinger JP (2007) Predicting
bioavaihbility of sediment polycyclic aromatic hydrocarbondyalella azteca
usingequilibrium partitioning, supercritical fluid extraction, and porewater
concentrationsEnviron Sci Techndl1:62976304

Hawthorne SB, Grabanski CB, Miller DJ, Kreitinger JP (9088lid-phase
microextraction measurement of parent and alkyl polycyclic aromatic
hydrocarbons in milliliter sediment pore water samples and determinatigbef
values Environ Sci TechnoB9:27952803

Hayes TB, Case P, Chui S, Chung D, Haeffelel&ton K, Lee M, Mai VP, Marjuoa Y,
Parker J, Tsui M (2006) Pesticide mixtures, endocrine disruption, and amphibian
declines: Are we underestimating the impact? Environ Health Perspect-BED4:40

Hill IR (1989) Aquatic organisms and pyrethroids. Pest Sel2Z¥465

Hoagland KD, Drenner RW, Smith JD, Cross DR (1993) Freshwater community
responses to mixtures of agricultural pesticides: effects of atrazine and bifenthrin.
Environ Toxicol Chem 12:62637

Holmes RW, Anderson BS, Phillips BM, Hunt JW, Crane DRBkebri A, Connor V
(2008) Statewide investigation of the role of pyrethroid pesticides in sediment
toxicity in Californiads ur barmiOwat er ways.

Hose GC, Van Den Brink PJ (2004) Confirming the spesassitivity distribution
concept for endosulfan using laboratory, mesocosm, and field data. Arch Environ
Contamin Toxicol47: 515620

Host GE, Regal RR, Stephan CE (1995) Analyses of acute and chronic data for aquatic
life. US Environmental Protection Agency, Washington, DC

HrudeySE, Chen W, Rousseaux CG (1996) Bioavailability in Environmental Risk
Assessment. Lewis Publishers, CRC Press. Boca Raton, FL.

143



Hunter W, Xu YP, Spurlock F, Gan J (2008) Using disposable polydimethylsiloxane
fibers to assess the bioavailability of permethni sediment. Environ Toxicol
Chem27:56&75

Ingersoll CG, MacDonald DD, Wang N, Crane JL, Field LJ, Haverland PS, Kemble NE,
Lindskoog RA, Severn C, Smorong DE (2001) Predictions of sediment toxicity
using consensdsased freshwater sediment quality glies. Arch Environ
Contam Toxicol 41:81

Kegley SE, Hill BR, Orme S, Choi AKR008 PAN Pesticide Database. Pesticide Action
Network North America. San Francisco, Gww.pesticideinfo.org

Kelley K, Starner K(2004) Monitoring surface waters and sediments of the Salinas and
San Joaquin River Basins for organophosphate and pyrethroid pesticides.
http://www.cdpr.ca.gov/docs/sw/swmemos.htm

Landrum PF, Robinson SD, Gossiaux DC, You J, Lydy MJ, Mitra S, ten Hul3&iV
(2007) Predicting bioavailability of sedimeagsociated organic contaminants for
Diporeiaspp. and oligochaetes. Environ Sci Technol 41:63447

Laskowski DA (2002) Physical and chemical properties of pyrethroids. Rev Environ
Contamin Toxicol 174t9-170

Li H, SunB, ChemX, Lydy MJ, You J (2013)Addition of contaminanbioavailability
andspeciesusceptibilityto a sedimentoxicity assessmen&pplicationin an
urbanstreamin China.EnvironPollut178:135141

LiessM, SchulzR, LiessMH-D, RotherB, KreuzigR (1999)Determinatiorof
insecticidecontaminatiorin agriculturalheadwatestreamsWat Res33: 239 247

LeeS,GanJ,Kim J-S, KabashimalN, Crowley DE (2004)Microbial transformatiorof
pyrethroidinsecticidesn agueousandsedimenphasesEnviron Toxicol Chem
23:1-6

Long JLA, House WA, Parker A, Rae JE (1998) Miorganic compounds associated
with sediments in the Humber rivers. Sci Total Environ 210/211253

Lydy MJ, Landrum PF, Oen AMP, Allinson M, Smedes F, Harwood AD, LViHtuya
KA, Liu J (2014) Passive sampling methods for contaminated sediments: State of
the science for organic contaminants. DOI: [10.1002/ieam.1503]

MacDonald DD Ingersoll CG (2002) Ayuidancemanual tosupport theassessment of
contaminategediments ifreshwateecosystems. Volume Hlinterpretation of
the results of sediment quality investigations. Great Lakes National Program

144


http://www.pesticideinfo.org/

Office: Chicago, IL. EPA05-B02-001-C. Available at:
http//www.cerc.usgs.gov/pubs/sedtox/volumelll.pdf

Mackay D (2001) Multimedia Environmental Fate Models: The fugacity approach,
Second edition. Boca Raton, FL: Lewis Publishers

MacKay D, Arnot JA, Wania F, Bailey RE (2011) Chemical activity as an integrating
concept in environmental assessment and management of contaminants. Integr
Environ Assess Manage 7:2285

MacKay D, Shiu WY, Ma K-C (1999) lllustrated handbook of physicdlemical
properties and environmental fate for organic chemicals.-CRCnetbaseCD-
ROM version

Maltby L, Blake N, Brock TCMyanden Brink PJ (2005) Insecticide speciessiirity
distributions: importance of test species selection and relevance to aquatic
ecosystems. Environ Toxicol Chem 24:3388

Maul JD, Brennan AA, Harwood Alydy MJ (200&) Effect of sedimenassociated
pyrethroids, fipronil, and metabolites @hironomus tentangrowth rate, body
mass, condition index, immobilization, and survival. Environ Toxicol Chem
27:25822590

Maul JD, Trimble AJ, Lydy MJ (2008b) Parttiing and matrixspecific toxicity of
bifenthrin among sediments and lesafurced organic mattéenvironmental
Toxicology and Chemistry 27:94%62

Maund SJ, Travis KZ, Hendley P, Giddings JM, Solomon KR (2001) Probabilistic risk
assessment of cotton pymetids: V. Combining landscagevel exposures and
ecotoxicological effects data to characterize risks. Environ Toxicol Chem 20:687
692

Mayer P, Tolls J, Hermens L, Mackay D (2003) Equilibrium sampling devices. Environ
Sci Technol 37:184A91A

Mayer P, Pdeerton TF, Adams RG, Cargill JG, Gan J, Gouin T, Gschwend PM,
Hawthorne SB, Helm P, Witt G, You J, Escher Bl (2014) Passive sampling
methods for contaminated sediments: Scientific rationale supporting use of freely
dissolved concentrations. Integr EnvirAssess Manage DOI:

[10.1002/ieam.1508]

McAllister WA (1988) Full life cycle toxicity of 14€MC 54800 to the fathead minnow
(Pimephales promelasn a flow-through system. FMC Study No: A84.00.
EPA MRID: 40791301

145


http://www.cerc.usgs.gov/pubs/sedtox/volumeIII.pdf

McLaughlin MJ, LanmvaRI@»014) ybseasofa fileiron

Integr Environ Assess Manage 10:1B&

Mehler WT, Li H, Pang J, Sun B, Lydy MJ, You J (2011) Bioavailability of hydrophobic
organic contaminants in sediment with different partgiie distributions. Arch
EnvironContam Toxicol 61:7482

Miller TA, Salgado VL (1985) The mode of action of pyrethroids on insects. In: The
Pyrethroid Insecticides. ED. Leahey JP. Taylor & Francis, PhiladelpAia

MITI (1992) Biodegradation and bioaccumulation data of existing chenbeaksd on
the CSCL Japan. Japan Chemical Industry Eceloggicology & Information
Center. Ministry of International Trade and Industry, Basic Industries Bureau,
Chemical Products Safety Division

Moore DRJ, Caux # (1997) Estimating low toxic effects. Emon Toxicol Chem
16:794801

Moore MT, Schulz R, Cooper CM, Smith Jr S, Rodgers Jr JH (2002) Mitigation of
chlorpyrifos runoff using constructed wetlands. Chemosphere 48827

Mu XY, LeBlanc GA (2004) Synergistic interaction of endoctthgrupting chemicals:
model development using an ecdysone receptor antagonist and a hormone
synthesis inhibitorEnviron Toxicol Chen23:10851091

Muir DCG, Rawn GP, Townsend BE, Lockhart WL,.eBnhalgh R (1985)
Bioconcentration of cypermethrin, deltamethrin, fenvalerate, and permethrin by
Chironomus tentaniarvae in sediment and wat&mviron Toxicol Chen®9:1045
1051

Narahashi T, Ginsburg KS, Nagata K, Song JH, Tatebayashi H (1998) lon chasinel
targets for insecticides. Neurotoxicol 19:5890

Niemi GJ, Devore P, Detenbeck N, Taylor D, Lima A, Pastor J, Yount JD, Naiman RJ
(1990) Overview of casstudies on recovery of aquatic systems from disturbance.
Environ Manage 14:57587

Nillos MG, Lin K, Gan J (2009) Enantioselectivity in fipronil aquatic toxicity and
degradation. Environ Toxicol Chem 28:182833

NRC (2003) Bioavailability of contaminants in soils and sediments. Processes, tools and
applications. National Research Council. Washingix@, USA: National
Academy Press. 420 p

146

I



OECD (1981) Test No. 112: dissociation constants in water. OECD publishing. Available
at http://browse.oecdbookshop.org/oecd/pdfs/brat/@s&L1201E.PDF

OECD (1995a) OECD environment monographs No. 92, OECD environmental health
and safety publications, series on testing and assessment, No. 3, guidance
document for aquatic effects assessment. Osgaoin for Economic Co
operation and Deveponent(OECD), Paris

OECD (1995b) Test No. 105: water solubility. OECD publishing. Available at
http://www.oecd.org/dataoecd/17/13/1948185.pdf

OECD (1996) Test No. 305: bioconcentration: fldwough fish test. OECD publishing.
Available athttp://browse.oecdbookshop.org/oecd/pdfs/browseit/9730501E.PDF

OECD (2000) Test No. 106: adsorptibdesorption using a batch equilibrium method.
OECD publishing. Available at
http://browse.oecdbookshop.org/oecd/pdfs/browseit/9710601E.PDF

OECD (2001) Test No. 121: estimation of the adsorption coeffidkest) (On soil and on
sewage sludge using high performance liquid chromatography (HPLC). OECD
publishing. Available at
http://browse.oecdbookshop.org/oecd/pdfs/browseit/9712101E.PDF

OECD (2004) Test No. 111: hydrolysis as a function of pH. OECD publishing. Available
at http://browse.oedabokshop.org/oecd/pdfs/browseit/9711101E.PDF

Okkerman PCyanderPlassche EJ, Emans HJB, Canton JH (1993) Validation of some
extrapolation methods with toxicity data derived from multiple species
experiments. Ecotoxicol Environ Saf 25:3339.

Olmstead AW, LeBlanc GA (2005) Toxicity assessment of environmentally relevant
pollutant mixtures using a heuristic modakegr Environ Assess Manadel14
122

OPP Pesticide Ecotoxicity Database. [Accessed 24 May 2011]. Available at:
http://www.ipmcenters.org/Ecotox/DataAccess.cfm

Palumbo AJ, Fojut TL, Brander SM, Tjeerdema @810 Water quality criteria report
for bifenthrin. Phase Ill: Application of the pesticide water quality criteria
methodology. Report prepared for the Central Valley Regional Water Quality
Control Board, Rancho Cordova, CA

Palumbo AJ, TenBrook PL, Fojut TL, Faria IR, Tjeerdema RS (2012) Aquatic life water
guality criteria derived via the UC Davis method: I. Organophatp
insecticides. Rev Environ Contam Toxicol 2144

147


http://browse.oecdbookshop.org/oecd/pdfs/browseit/9711201E.PDF
http://www.oecd.org/dataoecd/17/13/1948185.pdf
http://browse.oecdbookshop.org/oecd/pdfs/browseit/9730501E.PDF
http://browse.oecdbookshop.org/oecd/pdfs/browseit/9710601E.PDF
http://browse.oecdbookshop.org/oecd/pdfs/browseit/9712101E.PDF
http://browse.oecdbookshop.org/oecd/pdfs/browseit/9711101E.PDF
http://www.ipmcenters.org/Ecotox/DataAccess.cfm

PapeLindstrom PA, Lydy MJ (1997) Synergistic toxicity of atrazine and
organophosphate insecticides contravenes the response addition mixture model.
Environ Toxicol Chenl6:24152420

Parkerton TF, Marga KA (2014) Passive Sampling in contaminated sediment
assessment: Building consensus to improve decision making. Integr Environ
Assess Manage DOI: 10.1002/ieam.1488

Phillips BM, Anderson BS, Hunt JW, Siegler K, Voorhees JP, Tjeerdema RS, NcNeill K
(2012)Pyrethroid and organophosphate pesti@dsociated toxicity in two
coastal watersheds (California, USA). Environ Toxicol Chem 311583

Phillips BM, Anderson BS, Voorhees JP, Hunt JW, Holmes RW, Mekebri A, Connor V,
Tjeerdema RS (2010) The contributiohpyrethroid pesticides to sediment
toxicity in four urban creeks in California USA. J Pestic Sci 35:302

Picard CR (2010a) tDay toxicity test exposing freshwater amphipaddgdlella azteca
to bifenthrin applied to formulated sediment under statieewal conditions.
Performed by Springborn Smithers Laboratories, Wareham, MA, Study No.
136565.6133; submitted to Pyrethroid Working Group, Washington, DC.

Picard CR (2010b) TDay toxicity test exposing midge€llironomus dilutusto
bifenthrin appliedo formulated sediment under statenewal conditions
following OPPTS draft guideline 850.1735. Performed by Springborn Smithers
Laboratories, Wareham, MA, Study No. 136565.6143; submitted to Pyrethroid
Working Group, Washington, DC.

Pignatello (1990) Slely reversible sorption of aliphatic halocarbons in soils. I.
Formation of residual fractions. Environ Toxicol Chem 9:31Q715

Plackett RL, Hewlett PS (1952) Quantal responses to mixtures of poisons. J R Stat Soc
Series B Stat Methodology 14:14163

PuttAE (2005a) Bifenthriri Toxicity to midge(Chironomus tentansiuring al0-day
sediment exposur&tudy performed by Springborn Smithers Laboratories,
Wareham, MA, project ID: 136565.6106; submitted to Pyrethroid Working
Group, Washington, DC. EPA MRID 485502. DPR record number 238254.

Putt AE (2009) Bifenthrini Toxicity to estuarine amphipodsdptocheirus plumulosys
during a28-day sediment exposurBubmitted to Pyrethroid Working Group
Beverdige &Diamond 1350 | Street NW Washington, DC 20005. Performed by:
Springborn Smithers Laboratories 790 Main Street Wareham, MA 6331
DPR study ID: 238257. EPA MRID 46591501

148



Qin S, Gan J (2006) Enantiomeric differences in permethrin degradation pathvgays i
and sediment. J Agricult Food Chem 54:9PA%1

Reichenberg F, Mayer P (2006) Two complementary side of bioavailability: Accessibility
and chemical activity of organic contaminants in sediments and soils. Environ
Toxicol Chem 25:1239245

Rider CV,LeBlanc GA (2005) An integrated addition and interaction model for assessing
toxicity of chemical mixtures. Toxicol Sci 87:5828

RIVM (2001) Guidance document on deriving environmental risk limits. Traas TP (ed)
RIVM report 601501 012. National Institufier Public Health and the
Environment, Bilthoven, The Netherlands

Roberts NL, Phillips C, Anderson A, MacDonald I, Dawe IS, Chante(I®86 The
effect of dietary inclusion of FMC 54800 on reproduction in the mallard duck.
FMC Study No: A84/1260. EPA MRID: 00163099

Sabljic A, Gusten H, Verhaar H, Hermens J (1995) QSAR modeling of soil sorption.
Improvements and systematics of logd¥s. log Kow correlations. Chemosphere
31:44894514

Sangster Research Laboratoi{2807 LOGKOW. A databank of evaluated octanol
water partition coefficients (Log P). Available online at
http://logkow.cisti.nrc.ca/logkow/index.jsp, Canadian National Committee for
CODATA

Schwarzenbach RP, Gschwend PM, Imboden DM (2003) Environmental Organic
Chemistry, 2nd edition. John Wiley & Sons, Inc., Hoboken, NJ

Semple KT, Doick KJ, Jones KC, Burauel P, Craven A, Harms H (2D€dning
bioavailability and bioaccessibility of ataminated soil and sediment is
complicated. Environ Sci Technol 38:22@81A.

Sherman JW (1989) Bifenthrin pond study: Ecological effects during treatment and post
treatmentfollowmu p st udi es of Haganés pond, Orrvil
A84-128502 (January 25, 1989). Unpublished report prepared by the Academy
of natural Sciences of Philadelphia for FMC Corporation. EPA MRID: 40981822

Siepmann S, Finlayson B (2000) Water quality criteria for diazinon and chlorpyrifos.
California Department of Fish drGame, Administrative Report €B) 59 p

Solomon KR, Giddings JM, Maund SJ (2001) Probabilistic risk assessment of cotton
pyrethroids: I. Distributional analyses of laboratory aquatic toxicity data. Environ
Toxicol Chem 20:65559

149



Sormunen AJ, Tuikka Al, Rkanen J, Leppanen MT, Kukkonen JVK (2010) Predicting
the bioavailability of sedimerdssociated spiked compounds by using the
polyoxymethylene passive sampling and Tenax ® extraction methods in
sediments from three river basins in Europe. Arch Envirortaoim
Toxicol58:8090

Starner K, White J, Spurlock F, Kelley K (2008) Assessment of pyrethroid contamination
of streams in higluse agricultural regions of California. In: Gan J, Spurlock F,
Hendley P, Weston DP (eds) Synthetic Pyrethroids. ACS Sympo®uesS
Washington DC, p. 733

Stephan CE, Rogers JW (1985) Advantages of using regression analysis to calculate
results of chronic toxicity tests. In: Bahner RC, Hansen DJ fegigatic
Toxicology and Hazard Assessm&iIP 891. American Society for Tasgiand
Materials, Philadelphia, PA, pp. 3BB7

Sun K,Krause GF, Mayer FL, Ellersieck MR, Basu AP (1995) Predicting chronic
lethality of chemicals to fishes from acute toxicity test ddkeeory of accelerated
life testing. Environ Toxicol Chem 14:174552

Surprenant DC (1983) Acute toxicity of FMC 54800 technic@aphnia magna
Bionomics Study. FMC Study No: A8386. EPA MRID: 00132537

Surprenant DC (1986) Accumulation and elimination‘@tresidues by bluegill
(Lepomis macrochir)sexposed td“C-FMC 54800. FMC Study No:
182E54E01/851-176. EPA MRID: 00163094/47027131

Surprenant DC (1988) Bioavailability, accumulation and aquatic toxicityGsFMC
54800 residues incorporated into soil. FMC Study No:-AB%6. Springborn
Bionomics Study No: 2801856109000. EPA MRID: 42529902

Tassou KT, Schulz R (2012) Combined effects of temperature and pyripoxyfen stress in a
full life -cycle test withChironomus ripariuginsecta). Environ Toxicol Chem
31:23842390

TenBrook PL, Tjeerdema RS (2006) Methodyldor derivation of pesticide water
guality criteria for the protection of aquatic life in the Sacramento and San
Joaquin Rivers basins. Phase I: Review of existing methodologies. Report
prepared for the Central Valley Regional Water Quality Control Board

TenBrook PL, Tjeerdema R8ann P, Karkoski J (2009) Methods for deriving pesticide
aquatic life criteria. Rev Environ Contamin Toxicol 199:190

150



TenBrook PLPalumbo AJ, Fojut TUHann P, Karkoski,JTjeerdema RS (2010)he
University of CaliforniaDavis methodology for deriving aquatic life pesticide
water quality criteriaRev Environ Contam Toxicol2091-155

Tracey GA, Hansen DJ (1996) Use of bisaliment accumulation factors to assess
similarity of nonionic organic chemical exposure to benthieatlypled
organisms of differing trophic mode. Arch Environ Contamin Toxicol 30:467
475.

Trimble TA, You J, Lydy MJ (2008) Bioavailability of PCBs from fietdllected
sediments: application of Tenax extraction and m<&PME techniques.
Chemosphere 71:33344

Trimble AJ, Belden JB, Mueting SA, Lydy MJ (2010) Determining modifications to
bifenthrin toxicity and sediment binding affinity from varying potassium chloride
concentrations in overlying wat&themospher80:5359

UEPA (1978) Water quality criterided Registt3(97):2150-21218

USEPA (1980a) Ambient water quality criteria for aldrin/dieldrin. US Environmental
Protection Agency, Washington, DC

USEPA (1980b) Ambient water quality criteria furlordane, EPA 440/80-027. US
Environmental Protectiongency, Washington, DC

USEPA (1980c) Ambient water quality criteria fordosulfan, EPA 440/80-046. US
Environmental Protection Agency, Washington, DC

USEPA (1980d) Ambient water quality criterarfendrin, EPA 440/80-047. US
EnvironmentaProtectionAgency, Washington, DC

USEPA (1985) Guidelines for deriving numerical national water quality criteria for the
protection of aquatic organisms and their usesgBR27049. US Environmental
Protection Agency, National Technical Information Service, SpetdjfVA

USEPA (1991) Technical Support Document for Water Qudalityed Toxics Control,
EPA/505/290-001. US Environmental Protection Agency, Washington, DC

USEPA (1996a) Product properties test guidelines. OPPTS 830.7560. Partition
coefficient (roctanolivater), generator column method, EPA {-36-039. US
Environmental Protection Agen®ffice of Prevention, Pesticides and Toxic
Substance@OPPTS) Washington, DC

USEPA (1996b) Product properties test guidelines. OPPTS 830.7550. Partition
coefficient (roctanol/water), shake flask method, EPA-Tt26-038. US

151



Environmental Protection Agen®ffice of Prevention, Pesticides and Toxic
Substance@OPPTS) Washington, @

USEPA (1996c¢) Ecological Effects Test Guideline®PTS 850.173%Whole sediment
acute toxicity: Invertebrates, freshwateublic draft EPA 712C-96-354. April
1996USEnvironmental Protection Agen®ffice of Prevention, Pesticides and
Toxic Substance@PPTS) Washington, DC

USEPA (2000) Methods for measuring the toxicity and bioaccumulation of sediment
associated contaminants with freshwater invertebrates. Second edition. EPA
600/R99/064. Office of Research and Development, WasbmdpC

USEPA(2001) Methods for collection, storage and manipulation of sediments for
chemical and toxicological analysis: Technical manual. 8R2B-01-002

USEPA (2003a) Water quality guidance for the Great Lakes system. Fed Regist 40

USEPA (2008) Draft update of ambientater quality criteria for copper, EPA 82
03-026. US Environmental Protection Agency, Washington, DC

USEPA (2008) Procedures for the derivation of equilibrium partitioning sediment
benchmarks (ESBSs) for the protection of benthic organisms: Dield?PiA.Gb0 R
02 010. US Environmental Protection Agency, Office of Research and
Development, Washington DC

USEPA (2008) Procedures for the derivation of equilibrium partitioning sediment
benchmarks (ESBSs) for the protection of benthic organisms: Endrin. B®R 6
02 009. US Environmental Protection Agency, Office of Research and
Development, Washington DC

USEPA (2005a) Aquatic life ambient water quality criteria, diazinon, final,-BPAR-
05-006. US Environmental Protection Agency, Washington, DC

USEPA (2005b Science Advisory Board consultation document, proposed revisions to
aguatic life guidelines, watdrased criteria. US Environmental Protection
Agency, Washington, DC

USEPA (2006a) Bifenthrin; Pesticide Tolerance. 62 CFR 62961.
http://www.epa.gov/fedrgstr/ERREST/1997/November/Dax6/p30948.htm

USEPA(20060 Sediment Quality Guidelines website. United States Environmental
Protection Agency, Washington, D@ww.epa.gov/OST/cs/guidelines.htm

152


http://www.epa.gov/fedrgstr/EPA-PEST/1997/November/Day-26/p30948.htm
http://www.epa.gov/OST/cs/guidelines.htm

USEPA(20069 National Ambient Air Quality Standards website. United States
Environmental Protection Agency, Washington, DC.
www.epa.gov/air/criteria.html

USEPA (2011) Review of Methods for Characterizing Effects of Pesticides and Other
Chemical Stressors to Aquatic Organiskdsited States Environmental
Protection Agency, Washington, DC.

USEPA (2012) Equilibrium partitioning denent benchmarks (ESBSs) for the protection
of benthic organisms: Procedures for the determination of the freely dissolved
interstitial water concentrations of nonionic organics. EPA/6@XR12.United
States Environmental Protection Agen©yfice of Rerach and Development,
Washington, DQ0460

USFDA (2000 Industry activities staff booklet, www.cfsan.fda.gov/~Ird/fdaact.html.
United States Food and Drug Administration, Washington, DC

van den Berg M, Birnbaum L, Bosveld ATC, Brunstrom B, Cook P, Féd|dgyiesy JP,
Hanberg A, Hasegawa R, Kennedy SW, Kubiak T, Larsen JC, Van Leeuwen
FXR, Liem AKD, Nolt C, Peterson RE, Poellinger L, Safe S, Schrenk D, Tillitt D,
Tysklind M, Younes M, Waern F, Zacharewski T (1998) Toxic equivalency
factors (TEFs) for PCB$CDDs, PCDFs for humans and wildliEeviron
Health Perspec06:775792

vander Hoeven N, Nopper F, Leopold A (1997) How to measure no effect. 1. Towards
a new measuremeof chronic toxicology in ecotoxicology, introduction and
workshop results. Envirometrics 8:244248

van Straalen NMyan Leeuwen CJ (2002) European history of speciestisgy
distributions. In: Posthuma L, Suter GWI, Traas TP (eds) Species sensitivity
distributions in ecotoxicity. Lewis Publishers, New York, NY pp-39

Verschuera K (2009) Handbook of environmental data on organic chemicAksgifion,
Wiley, Hoboken, NJ

Versteeg DJ, Belanger SE, Carr GJ (1999) Understanding single species and model
ecosystem sensitivity: datesed comparison. Environ Toxicol Chem 18:1329
1346

Warne MSJ, van Dam R (2008) NOEC and LOEC data should no longer be generated or
used. Australasian J Ecotoxicol 1461

Werner |, Moran K(2008 Effects of pyrethroid insecticides on aquatic organisms. In
Gan J, Spurlock F, Hendley P, Weston D (Eds). Sywtigrethroids:

153


http://www.epa.gov/air/criteria.html

Occurrence and Behavior in Aquatic EnvironmeArserican Chemical Society,
Washington, DC

Weston DP, Amweg El, Mekebri A, Ogle RS, Lydy K2ZD0g Aquatic effects of aerial
spraying for mosquito control over an urban area. Environ Scinbédi0:5817
5822

Weston DP, Holmes RW, You J, Lydy NiJO05 Aquatic toxicity due to residential use
of pyrethroid insecticides. Environ Sci Technol 39:98784

Weston DPHolmes RW, Lydy MJZ00%) Residential runoff as a source of pyrethroid
pesticides to urban creel&snvironPollut 157287-294

Weston DP, dckson CJ2009) Use of engineered enzymes to identify organophosphate
and pyrethroietelated toxicity in toxicity identification evaluations
Environmental Science & Technology 43:558%20

Weston DPYou J, Harwood AD, Lydy MJ (2Bb) Whole sediment toxicity
identification evaluation tools for pyrethroid insecticides: lll. Temperature
manipulation Environmentall oxicology and Chemistry 2873180

Weston DP, You J, Lydy M(2004) Distribution and toxicity of sedimer#ssociated
pesticides in agriculturd o mi nat ed water bodies of Calif
Environ Sci Technol38:2752759

Weston DP, Zhang MH, Lydy M2008 Identifying the case and source of sediment
toxicity in an agriculturenfluenced creek. Environ Toxicol Chem 27:98&2

Wojtaszek BF, Buscarini TM, Chartrand DT, Stephenson GR, Thompson DG (2005)
Effect of Release ® herbicide on mortality, avoidance response, and growth of
amphibian larvae in two forest wetlands. Environ Toxicol Chem 24:2533

Wood A (2008 Compendium of Pesticide Common Names website.
http://www.alanwood.net/pesticides/bifenthrin.html

Woodburn KB, Doucette WJ, Andren AW (1984) Generator column determination of
octanotwater partition coefficients for selected polychlorinated biphenyl
congeners. Environ Sci Technol 18:4459

Xu YP, Spurlock F, Wang ZJ, Gan J (2007) Comparison of five edstfor measuring
sediment toxicity of hydrophobic contaminariswviron Sci Technof#1:8394
8399

Yang WC, Gan JY, Hunter W, Spurloc 0063 Effect of suspended solids on
bioavailability of pyrethroid insecticideEnviron Toxicol Chen25:15851591

154


http://www.alanwood.net/pesticides/bifenthrin.html

YangWC, Hunter W, Spurlock F, Gan(d007) Bioavailability of permethrin and
cyfluthrin in surface waters with low levels of dissolved organic mattEnviron
Qual36:16781685.

Yang Y, Hunter W, Tao S, Gan J (2009) Effects of black carbon of pyretwaithbility
in sediment. J Agricult Food Chem 57:2328

Yang WC, Spurlock F, Liu WP, Gan. JZ006h Inhibition of aquatic toxicity of
pyrethroid insecticides by suspended sedintentiron Toxicol Chen25:1913
1919

You J, Brennan A, Lydy MJ (2009) BioaNability and biotransformation of sediment
associated pyrethroid insecticided.umbriculus variegatu<Chemosphere
75:14771482

You J, Harwood, AD, Li H, Lydy MJ (2011) Chemical techniques for assessing
bioavailability of sedimenassociated contamingn SPME versus Tenax
extraction. J Environ Monit 13:79200

You J, Landrum PF, Lydy MJ (2006) Comparison of chemical approaches for assessing
bioavailability of sedimenassociated contaminants. Environ Sci Technol
40:63486353

You J, Pehkonen S, Landrupi, Lydy MJ (2007) Desorption of hydrophobic
compounds from laboratoigpiked sediments measured by Tenax absorbent and
matrix solidphase microextraction. Environ Sci Technol 41:56%6Z28Yount JD,
Niemi GJ (1990) Recovery of lotic communities and ecosysteom disturbance
T a narrative review of case studies. Environ Manag 14 589

Zabel TF, Cole S (1999) The derivation of environmental quality standards for the
protection of aquatic life in the UK. J CIWEDMB:436440

Zhang L-J, Ying GG, Chen F, ZhadlL, Wang L, Fang YX (2012) Development and
application of wholesediment toxicity test using immobilized freshwater
microalgaePseudokirchneriella subcapitatBnviron Toxicol Chem 31:37386

Zischke JA, Arthur JW, Hermanutz RO, Hedtke SF, Helgen JC (Ef@&ts of
pentachlorophenol on invertebrates and fish in outdoor experimental channels.
Aquat Toxicol 7:3758

155



Appendix AT Guidelines for

Evaluating Toxicity Tests

This document is intended to aid the user in understandirtgghparameter as
well as determining if a particular parameter is acceptable according to standard
protocols. The acceptable test conditions in this document are based upon ASTM,
USEPA and OPPTS methods. This should not be considered an absolute esdackiic
is recommended that the actual standard methods be reviewed. A summarietialale (
1) of the OPPTS 850.1735 (1996) test conditions and acceptability requirements (or
guidance) is provided fdfl. aztecaandC. dilutus A summary tableTable 2) of the
ASTM E 170605 test conditions and acceptability requirements (or guidanckl) for
aztecaC. dilutus C. riparius D. magnaC. dubig Hexagenia sppT. tubifexand
Diporeia spp for various exposure durations has been included. Sediment spiking and
pore water handling procedures are baselR#A823B-01-002 (Table 3).
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1. Endpoints
a. Standard endpoints (preferred)

b.

I. Survival

ii. Growthiwet or dry weight (biomass), length, other measases
appropriate to the organism

iii. Reproduction # young, # eggs, hatching success, fecundity, etc.

Non-Standard endpoints
i. Immobility (death usually shortly follows)

li. Instantaneous growth rate

iii. AChE inhibition needs a link to recognized endpoint for that
speces.Generally if such study exists, the recognized endpoint is
used.

iv. Heat shock proteins, Vitellogenin, etc. currently have no link to
population effect$ although these alternate endpoints could be
used if there was a study linking them to populatioacf for the
particular test species.

2. Acceptable standard (or egalent) used

a.
b.

ASTM, USEPA, OPPTS, OECD, Environment Canada or equivalent
Standard methods are not currently available for all taxa, so for species not
included in these methods, the readeusth check for new methods and if

not available, use best professional judgment to determine which category
a particular test fits into.

3. Test was of appropriate duration

Exposure duration can be either acute or chronic and are defined as follows:

a.

Acute

1. Invertebrate tests with exposures lastingld@l including survival and
growth endpoints (ASTM E 17685 (2008), Ingersoll and MacDonald
2002)

2. Amphibian tests with exposures lastingdlQASTM E 259107 (2007))
Chronic- partial or full lifecycles

1. Invertebrate tests with exposures lastings@al, preferable early life
stage, including survival, growth, and possibly reproduction and
emergence (ASTM E 17685 (2008), Ingersoll and MacDonald 2002,
RIVM 2001)

2. Any test with algae, protozoa, or plaff$vVM 2001)

4. Control

a.

b.

Appropriate controls must be used. Must have negative and solvent
control (if solvent is used).
Acceptable control response is provided able 1for OPPTS 850.1735
(1996) andrable 2for ASTM 170605 (2008) for various organisms and
exposure durations. The most likely encountered are as follows:
i. H.aztecg(10 & 28 d)- 3B0% control survival and measurable
control growth
i. C. dilutus(10 d)- &70% control survival with minimum mean
weight per surviving control organism of 0.6 mg dry weight or
0.48 mg ash free dry weight
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5. Chemical
a. Purity>80%
b. Technical grade is sufficient.
c. Formulations are not acceptalpdeg., esticide W10G may indicate a 10%
formulation).
6. Sediment
a. Sediment spike methddable 3, EPA-823B-01-002 (2001))

i. Shell coating technique should be used in wicmmpounds
addedo sand angolvent iscompletly evaporagdfrom sand
before mixing with wet sedimein order toavoid affecing
sediment chemistry or bioavailability.

ii. Jar rolling preferred over hand mixing for large batches of
sediment.

1. Prolonged rolling (i.e.> 1 week) and overfilling jars
should be avoided
iii. Wet spiking is preferred to dry spiking.
1. Determine % moisture on 3 replicate samples to determine
dry weight ofsediment.
b. Spike equilibration timeg(Table 3, EPA-823-B-01-002 (2001))
Store for at least month sointerstitialwater and sediment can come

to equilibrium.

7. Organisms.
a. Appropriate size/age/growth phase.

i. H.azteca (10 & 28 day exposure)/ to 14 day, alwithin 1-2 day
range in age (ASTM 17065 (2008); OPPTS 850.1735 (1996))
ii. C. dilutus (10 day exposure)

1. All 3" instar (50% of organisms) or younger (OPPTS
850.1735)

2. 2"to 3%instar larvae (about 10 day old; ASTM 1706
(2008))

iii. Other species.

1. SeeTable 2 for acceptable age ranges @rriparius, D.
magna C. dubig Hexagenia sppT. tubifexandDiporeia
spp for various exposure durations.

2. Use best professional judgment if no standard method
exists (i.e. fish, amphibians, etc)

b. No prior contaminant exgore.
I. If organisms are field collected, they have likely been exposed and
this is not acceptable
ii. If it is stated that organisms were collected from an unpolluted site,
this is acceptable.
iii. Laboratory cultures are acceptable.
c. Organisms randomly assigned éstt containers.
I. The study must state this.
d. Adequate number per replicate/appropriate cell density.
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Acceptable replicate numbers and cell densities are provided in
Table 1for OPPTS 850.1735 (1996) amdble 2for ASTM 1706
05 (2008) for various organismadiexposure durations. The most
likely encountered are as follows:

1.

4.

H. azteca10 & 28 d)i 4 replicates per treatment is the
absolute minimum with 8 recommended for routine
analysis (ASTM 170®5 (2008) & OPPTS 850.1735
(1996))

C. dilutus(10 d)- 4 replicates per treatment is the absolute
minimum with 8 recommended for routine analysis
Other species seeTable 2for replicate and cell density
guidance folC. riparius, D. magnaC. dubig Hexagenia
spp, T. tubifexandDiporeia spp under various exposure
durations. (ASTM 170605 (2008))

10 organisms per container fidr aztecaandC. dilutus
(ASTM 170605 (2008) & OPPTS 850.1735 (1996))

e. Feeding appropriate to standard method.

Acceptable feeding regimes are provided able 1for OPPTS
850.1735 (1996) andable 2for ASTM 170605 (2008) for
various organisms and exposure durations. The most likely
encountered are as follows:

1.

2.

3.

H. aztecq10 & 28 d)i YCT 1 to 1.5 mL (1800mg/L) daily
(ASTM 170605 2008a & OPPTS 850.1735, respestty)

C. dilutus(10 d)i Tetrafin goldfish food 1.5 mL (4 g/L)
daily (ASTM 170605 2008a & OPPTS 850.1735)

Other species seeTable 2for replicate and cell density
guidance forC. riparius, D. magnaC. dubig Hexagenia
spp, T. tubifexandDiporeia spp under various exposure
durations(ASTM 170605 (2008))

f. Organisms properly acclimated and disease free prior to testing.

If culture and testing conditions are the same, then the acclimation
period is considered acceptable.

7 day acclimation after arrivélom hatchery or if wild. (WQC)

8. Exposure type and renewal frequency appropriate to chemical.

a. Static, statierenewal or flowthrough are considered exposure type

descriptors.
i

Acceptable exposure types and renewal frequencies of overlying
water are providedh Table 1for OPPTS 850.1735 (1996) and
Table 2for ASTM 170605 (2008) for various organisms and
exposure durations. The most likely encountered are as follows:

1.

H. azteca10 & 28 d)i Staticrenewal; 2 volumes per day
on continuous or intermittent bagiASTM 170605 (2008)
& OPPTS 850.1735 (1996), respectively)

C. dilutus(10 d)1 Staticrenewal; 2 volumes per day on
continuous or intermittent basis (ASTM 1706 (2008) &
OPPTS 850.1735 (1996), respectively)
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3. Other species seeTable 2for exposure typ guidance and
overlying water renewal frequency guidance@or
riparius, D. magnaC. dubig Hexagenia sppT. tubifex
andDiporeia spp under various exposure durations.
(ASTM 170605 2008a)

ii. Chronic tests with fish should be flow through in any case.

lii. Static exposures can be acceptable but they are not recommended
for compounds that may stick to glassware, evaporate or degrade
quickly unless concentrations consistent throughout test. (WQC)

1. Static exposure disadvantages include DO depletion from
high COD,BOD or metabolic wastes.

2. Possible loss of toxicant through volatilization or
adsorption to test vessels from static exposures.

3. Static exposures generally less sensitive than setewal
or flow through tests because degradation or adsorption
may reducehe apparent toxicity. (WQC)

4. Concentrations should be confirmed, at minimum, at the
start and finish of a test.

9. Dilution water source acceptable.
a. Culture water is acceptable.
b. Well water is acceptable.
c. Reconstituted fresh water (USEPA, ASTM hard/soft waseacceptable.
I. Hardnes$ 90-100 mg/L

ii. Alkalinity T 50-70 mg/L as CaC®

iii. ECi330360 €S/ cm

iv. pHT 7.88.2

d. Natural (site) waters.
i. Should be from an uncontaminated site and of uniform hardness,
alkalinity and electrical conductivity determined by <1@%nthly
average change (ASTM 170% (2008)). Monthly pH range of 0.4
pH units.
e. Surface waters
I. No chlorinated water.
ii. Check for high levels of Cu, Pb, Zmn, IEI-, chloroamines. (ASTM
170605 (2008))
f. Tap water is not acceptable.
g. Dechlorinated tap water ihideal but acceptable.
h. Deionized water is not acceptable.
i. Deionized water with salts added is acceptable.
10.Hardness, alkalinityconductivity, pH within organism tolerance limits and or
overlying water specifications.
a. If standard water used but values reyiorted, credit given for
documentation but not acceptability.
b. The following guidance (USEPA 2002 (taken from Marking and Dawson,
1973)) provides approximate water quality values:
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Hardn Alkali
H ess mg nity mg
CaCQJ/L CaCQJ/L

Very soft 6 10-13 10-13
4-6.8

Soft 7 40-48 30-35
2-7.6

Moderately 7 80 57-64

hard 4-7.8 100

Hard 7 160 110
.6-8.0 180 120

Very hard 8 280 225
.0-8.4 320 245

c. H. aztecasensitive to hardness and not found in waters with < 7 mg
CaCQy/L.
11.Dissolved oxyger©60 %.
a. In general, DGshould be > 2.5 mg/L (ASTM 17685 (2008) & OPPTS
850.1735 (1996)).
b. DO concentrations may be converted from mg/L to % uSaige 4.
I. Using the study temperature and water salinity, find the
corresponding oxygen water solubility value (mg/L).
ii. % DO = (mg/L DD in study @T/ solubility of DO in water
@T)*100
12. Temperature within organism tolerance (3 pts) and/or test guidance and held to
+1°C (3 pts).
a. Daphnids, Hyalella, Mysids: 2@5°C
b. Warm water fish (blue gill, minnows): 2@5°C
c. Cold water fish (salmon, troutl0-14°C
13.Photoperiod and intensity.
a. 16L:8D is standard and acceptable.
b. 100-1000 lux is standard and acceptable.
c. 12L:12D is acceptable.
d. Dark is acceptable for insect larvae or eggs.
14. Statistics.
a. Adequate number of concentrations.
I. Atleast 5.
b. Random or lmck design employed.
I. Adequate if stated.
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. Adequate replication.

I. Atleast4.

. Appropriate spacing between concentrations (dilution factor > 0.3).

. i.e,1,3,9, 21 is acceptable

ii. i.e,notl, 10, 100, 1000 (dilution factor=0.1) since the range is too
wide and would lead to imprecise toxicity values.

. Appropriate statistical methods used.
I. Regression (L&, EC)

1. Linear regression

2. Probit

3. Trimmed Spearmaiarber

ii. Hypothesis tests (chronicNOEC/LOEC)

1. Non-parametric KruskaWallis

2. Mann Whitney test

3. ANOVA

Hypothesis tests
I. Statistical significance: Points should be given if the statistical test

demonstrated statistical significance, i.e., the control response was
significantly different from ae or some of the exposures

ii. Significance level: Points should be given if the authors reported
the significance level of the test (e.g., alpha = 0.05).

iii. Minimum significant difference (MSD) below recommended upper
bound®

1. The MSD is the smallest decreas@iowth or
reproduction from the control that could be determines as
statistically significant in the test. MSD is based on the
number of replicates, control performance, and power of
the test. The MSD provides an indication of withest
variability andtest method sensitivity.

2. 'Acceptable MSD levels are species and test method
specific; see USEPA (2002) for upper bounds for several
standard test species.

a. Minnow growth of 1230% is acceptable.

b. C. dubiareproduction of 1317% is acceptable.

3. Percent Minimunsignificant Difference (PMSD).

a. If the control response is 100%, the MSD and the
PMSD is the same.

4. The lower bound is there to provide some protection to
dischargers whose toxicity tests have extremely low within
treatment variability.

a. They detect a signdant response compared to the
control, but the response is not biologically
significant.

5. The upper bound provides some control over tests that have
very high within treatment variability and lead to the
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conclusion that there was no effect when thedelttion
was actually toxic.
a. The variability within treatment masks the ability to
detect a significant difference from the controls.
b. The upper bound helps weed out sloppy tests.
6. In reality, very few toxicity tests currently report
MSD/PMSD information.
iv. % of control at NOEC and/or LOEC
1. E.qg., control survival = 92%, NOEC survival=91%, LOEC
survival=68%:; % control at NOEC = 91%/92% = 98.9%, %
control at LOEC = 68%/92% = 73.9%.
v. NOEC/LOEC reasonable compared to control.
1. Reasonable is decided using professiqu@ddment on a
case by case basis, can be based on MSD upper bound and
potential biological significance of response level, or by
comparing the % control at NOEC and % control at LOEC
to see if the levels seem reasonable.

15.Point Estimates.
a. LC/EC values caldable.
I. No results of < or >.
ii. i.e., LG < 100 suggests a problem since a lower concentration
was not tested.
iii. LCso> 100 is informative but may indicate insensitivity.
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Appendix B 1 Toxicity Data

Summaries for Bifenthrin

Interim BioavailableéSediment Quality Criteri&eportfor Bifenthrin
AppendixB

Toxicity data summary sheets

AppendixB1: Acceptable data rated RR
AppendixB2: Supplemental data rated RL, LR, or LL

Within each section, studies are listed in alphabetical order by species name, when there
are multiple summaries for one species, they are listed in alphabetical order by author.
Unused linesvere deleted from tables.

In the notes column, it is noted inld type if points were taken off for documentation or
acceptability based on the reliability rating tables. The number of points taken off for each
parameter are detailed in the notes section at the bottom of each summary.
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Studies rated RR
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Toxicity Data Summary
Chironomus dilutugformerly C. tentany

Maul JD, Brennan AA, Harwood AD, Lydy MJ (2008a) Effect of sedirsssociated
pyrethroids, fipronil and metabolites @hironomus tentasxgrowth rate, body mass,

condition index, immobilization and survivédnviron Toxicol Chen?7:25822590.

Relevance
Score: 100 (Surviva); 85 (Gowth)
Rating: R (Survival) L (Growth)

Reliability

Score:821 survival,80.5- growth

Rating: R

* Relevance points taken off fa&rowth- Control response not acceptable (15).

C. dilutus Maul et al. 2008a

Parameter Value Comment

Test method cited USEPA 2000 600/R99-064
Phylum Arthropoda

Class Insecta

Order Diptera

Family Chironomidae

Genus Chironomus

Species dilutus FormerlyC. tentans
Family in North America? Yes

Age/size at start of test/growth phas

Mid to late 3% instar larvae

Source of organisms

Lab culture

Southern lllinois U.

Have organisms been exposed to | No

contaminants?

Animals acclimated and diseaee? | Yes

Animals randomized? Yes

Test vessels randomized? Yes

Test duration 10d

Effect 1 Survival

Control response 1 84% Combined solvent

& negative control
results because not
sig. different
(p<0.05)

Effect 2

Immobilization

Defined as inability
to perform typical
S-shape response t
probing

Control response 2

Not reported
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C.dilutus

Maul et al. 2008a

Parameter

Value

Comment

Effect 3

Growth

- Body mass by ash free dry
mass (AFDM)

- Dally instantaneous growit
rate (IGR)

Control response 3

AFDM: 0.3mg
IGR: 1.003

Estimated from Fig.
1A

AFDM response no
acceptable (>0.48
mg) Accept. Points

Effect4

Body condition index (BCI)

Calculated by
regressing AFDM
of controls against
head size score of
exposed organisms

Control responsé

Not repated

Temperature

23°C

Test type

Static renewal

Daily renewal 75%

Photoperiod/light intensity

16 h light:8 h dark

Overlying water source

EPA reconstituted
moderately hard water

pH 6.61-6.74

Hardness mg/L as CaGO Not reported Doc./Accept.
Points

Alkalinity mg/L as CaCQ@ Not reported Doc./Accept.
points

Conductivity

275396 uS/cm

Dissolved Oxygen

6.126.78 mg/L

Sedimensource

Soil collected 15 km south @
Carbondale, IL

Organic carborontent

0.97%

Particle size distribution (sand,
silt, clay)

Not reported

Sieved to <500m

Sediment spike procedure

150 uL acetone solution
added dropwise to sedimen
slurry while mixing 1 h

Accept. points

Sediment spike equilibration timi

14 d in dark 4°C

Accept. points

Sediment to Solution ratio

50 g DW 700 mL

Sediment extraction/analysis
method

Solvent extraction, cleanup,
GC/ECD

Interstitial watemonitored?

No

Interstitial waterextraction

method

Not applicable
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C.dilutus

Maul et al. 2008a

Parameter

Value

Comment

Interstitial waterchemical
extraction method

Not applicable

Interstitial waterchemical
analysis method

Not applicable

Interstitial wateDOC

Not applicable

Feeding

1 mL of 6 g/L of tetrafin
solution daily

Purity of test substance >98% Chem service
Measured is what % of nominal? | 80-120%
Toxicity values calculated based on| Measured

nominal or measured concentration

Concentration of carrier (if any) in

test solutions

See spike procedure

Concentration Meas [1g/g OC) 2.2 5 reps/conc and 10
midges/rep
Nominal conc. NR
Doc. points
Concentration 2 Measgi¢/g OQ 2.9 5reps/coe and 10
midges/rep
Concentration 3 Measgi¢/g OQ 3.7 5 reps/conand 10
midges/rep
Concentration 4 Measgi¢/g OQ 4.7 5 reps/conand 10
midges/rep
Concentration 5 Measi¢/g OQ 5.3 5 reps/conand 10
midges/rep
Concentration 6 Measgi¢/g OQ 6.8 5 reps/conand 10
midges/rep
Control Solvent and negative 5 reps/conand 10
midges/rep
LCs0 (95% confidence interval) 6.2 (5.18.7) Method: Log probit
ngy/gOC analysis

ECs0 (95% confidence interval)

Immobilization: 2.2 (1.2.4)

Method: Maximum

ng/g OC GrowthAFDM: 2.4 (1.62.8) | likelihood analysis
Growth IGR: 1.5 (1.21..6)

ECx Growth AFDM: 1.0 (0.71.3)

ng/gOC Growth IGR: 0.6 (0.8.7)

NOEC AFDM: < 2.2

ng/gOC IGR: <2.2

LOEC AFDM: 2.2 Linear interpolation

ng/gOC IGR: 2.2 method

MSD: not reported
Doc./Accept.
points
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C.dilutus Maul et al. 2008a

Parameter Value Comment

MATC (GeoMean NOEC,LOEC) Not calculable

(my/kg)

% of control at NOEC Not calculable

% of control at LOEC AFDM: 0.15/0.3*100=50% | From Fig. 1A
IGR:
1.001/1.004*100=99.7%

Notes:
Article refers to NOEC values but not specifically stated.

Lethal to sublethal ratios were also reported:
LC50/EC50_immobilization: 2.9
LC50/EC20_AFDM: 6.5

LC50/EC20_IGR: 10.7

Reliability points taken off for:

Survival T point estimates: Mean (8678) = 82

DocumentationNominal concentrations (2Dverlying water hardneg4), Overlying
water alkalinity (1), Particle size distribution (2), Hypothesis Testing (8). Total: 100
14=86

Acceptability Sediment spike method (4), Spike equilibration time @&Yxrier solvent
evaporation (4)Qverlying water hardnegg), Overlying water alkalinityX),
Temperature variation NR (3lypothesis tests (3). Total: 1{2=78

Growth -point estimates and LOEC: Mean (9269) =80.5

DocumentationNominal concentration&), Overlying water hardneg4), Overlying

water alkalinity (1), Particle size distribution (2), Minimum significant difference (2).
Total: 1068=92

Acceptability Control response within guideline (10), Sediment spike method (4), Spike
equilibration tme (6),Carrier solvent evaporation (4)verlying water hardnegg),
Overlying water alkalinity 1), Temperature variation NR (3ylinimum significant
difference (1), NOEC compared to control (1). Total:-Ba669
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Toxicity Data Summary

Chironomudilutus

Picard CR (2010b) TDay toxicity test exposing midge€ljironomus dilutusto
bifenthrin applied to formulated sediment under stegieewal conditions following
OPPTS draft guideline 850.1735. Performed by Springborn Smithers Laboratories,
Wareéham, MA, Study No. 136565.6143; submitted to Pyrethroid Working Group,

Washington, DC.

Relevance Reliability
Score: 100 Score: 88.5
Rating:R Rating: R
C. dilutus Picard 2010b

Parameter Value Comment
Test method cited EPA 2000

Phylum Arthropoda

Class Insecta

Order Diptera

Family Chironomidae

Genus Chironomus

Species dilutus

Family in North America? Yes

Age/size at start of test/growth phg

11 day old, ¥ instar larvae

Source of organisms

Lab culture

Environmental
Consulting &
Testing, Superior,
WI

Have organisms been exposed to | No

contaminants?

Animals acclimated and disease | Yes

free?

Animals randomized? Yes

Test vessels randomized? Not reported Accept. points
Test duration 10 day

Data formultiple times? No

Effect 1 Mortality

Control response 1

Negative control: 94%
Solvent control: 85%

Pooled control:
89%

Effect 2

Growth (total dry wt. per
organism)

Control response 2

Pooled control: 0.92 mg

Temperature

21-25°C

Accept. points

Test type

Static renewal

Photoperiod/light intensity

16 h/8 h dark; 53®60 lux
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C. dilutus

Picard 2010b

Parameter Value Comment
Overlying water Well water
pH 6.7-7.2
Hardness 64-76 mg/L as CaC@
Alkalinity 20-26 mg/L as CaC@
Conductivity 30-400 e mhos/ cm
Dissolved Oxygen 3.77 8.2 mg/L Accept. points
AmmoniaN <0.17 2.2 mg/L
Sediment formulated? Yes Method: OECD
218
Organic carborontent 2.3%

Particle size distribution (sand,
silt, clay)

79%, 6%, 15%

pH

7.1

Percenmoisture

36.22%

Sediment spikenethod

Jar rolling technique

Initially rolled 4 h
at 15 rpm at room
temp.

Sediment spike equilibration | 14 d at 4°C Mixed 2x/week for
time 2 h at room temp.
Accept. points
Sediment to Solution ratio 100:175 mL 100 mL sediment 5

143 g wet wt. or
91.3 g dry wit.

Sedimengextraction/analysis
method

Ext/cleanup and GC/MS

Interstitial watemonitored?

Yes

Interstitial waterisolaion
method

Centrifugation

12009 15-30 min

Interstitial water chemical
extraction

SPME conditions not reporte

Interstitial waterchemical

Not reported

analysis
DOC 81-120 mg C/L
Feeding Flake fish food

Purity of test substance

95.7%

Measured is what % of nominal?

73-88% in sediment spikes

Accept. points

Toxicity values calculated based o
nominal or measured
concentrations?

Measured

Concentration of carrier (if any) in | 0% 10 mL of acetone

test solutions evaporated from
0.05 kg sand

Concentration 1 NopMeas (g/kg) | 16; 13 8 Reps, 10 per rep
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C. dilutus

Picard 2010b

Parameter Value Comment

Concentration 2 NoprMeas (g/kg) | 31; 23 8 Reps, 10 per rep
Concentration 3 Noneas (g/kg) | 63; 48 8 Reps,10 per rep
Concentration 4 Nonieas 6g/kg) | 130; 110 8 Reps,10 per rep
Concentration 5 Noneas (g/kg) | 250; 200 8 Reps,10 per rep
Concentration 6 Noneas (g/kg) | 500; 400 8 Reps,10 per rep

Control

Solvent and negativeontrols

8 Reps,10 per rep

LCs0(95% confidence interval)

Dry weight basis
350(310-400) ng/kg DW
OC-normal basis

15.2 (13.417.4)ny/g OC

Method: Probit
analysis
(TOXSTAT)

ECs0(95% confidence interval)

Dry weight basis
160 (140180)nmg/kg DW

Method: Linear
interpolation

OC-normal basis (TOXSTAT)
6.96 (6.097.83)ngy/g OC

NOEC Dry weight basis Method:
Survival: 110ng/kg DW Bonf er-tegsin
Growth: 110ng/kg DW p: 0.05
OC-normal basis MSD: Notreported
Survival: 4.781g/g OC Doc./Accept.
Growth: 4.781g/g OC points

LOEC Dry weight basis Same as above

Survival: 200ng/kg DW
Growth: >110mg/kg DW
OC-normal basis
Survival: 8.70ng/g OC
Growth: >4.781g/g OC

MATC (GeoMean NOEC,LOEC)

Dry weight basis
Survival: 148ng/kg DW
OC-normal basis
Survival: 6.45ng/g OC

% of control at NOEC

Survival: 84%/89%94%
Growth: 0.72mg/0.92mgi8%

Pooled controls

% of control at LOEC

Survival: 68%/89%%6%

Pooled controls

Notes:

Protocol adapted from: USEPA, 2000. Methods for measuring the toxicity and

bioaccumulation of sedimesissociated contaminants with freshwater invertebrates.
Protocol fulfills requirement of USEPA OPPTS 850.1735 Whole sediment acute toxicity
invertebrates, freshwater (USEPA, 1996).

Measured sediment concentrations are the meareasurements at day 0 and day 10.
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Although the study states pore water results are in a supplemental report, the data was
never made available due to analytical and sample holding time issues.

Reliability points taken off for:

Documentation:Minimum significant difference (2). Total: 1€8=98

Acceptability: Measured concentration within 20% nominal @pjke equilibration time
(6), Dissolved oxygen < 60% saturatids),(Temperature variation (3), Random design
(2), Minimum significant diffeence (1). Total: 10@1=79

Reliability Score: Mean (%8B, 79) =88.5
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Toxicity Data Summary

Chironomus dilutugformerly C. tentany

Putt AE (2005a) Bifenthrii Toxicity to midge(Chironomus tentansluring al0-day
sediment exposur&tudy performed pSpringborn Smithers Laboratorié¥areham,
MA, project ID: 136565.6106; submitted to Pyrethroid Working Group, Washington,
DC. EPA MRID 46591502. DPR record number 238254,

Relevance Reliability

Score: 100 Score:96

Rating:R Rating:R

C. dilutus Putt 2005a

Parameter Value Comment
Test method cited EPA 2000

Phylum Arthropoda

Class Insecta

Order Diptera

Family Chironomidae

Genus Chironomus

Species dilutus FormerlyC. tentans
Family in North America? Yes

Age/size astart of test/growth phase

10 d old,2"%7 39 instar
larvae

Head capsule 0.25
0.45 mm confirms life
stage

Source of organisms

Springborn Smithers lab
culture

Have organisms been exposed to | No

contaminants?

Animals acclimated and diseakee? | Yes

Animals randomized? Yes

Test vessels randomized? Not repored Accept. Points
Test duration 10 day

Effect 1 Survival

Control response 1

91% negative control; 83%
solvent control

Effect 2 Growth Ash free dry weight
Control response 2 1.99 mgpooled control

Temperature 21-24°C Accept. Points

Test type Static renewal Renew 50 mL water

7x/day

Photoperiod/light intensity

16 h light8 h dark; 6661000
lux

Overlying water

Well water
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C. dilutus Putt 2005
Parameter Value Comment
pH 6.4-6.8
Hardness 40-52 mg/L as CaC@
Alkalinity 26-46 mg/L as CaCQ
Conductivity 240-270e mhos/ cm
Dissolved Oxygen 1.87 8.3 mg/L
TOC/DOC Not stated
AmmoniaN 0.267 1.2 mg/L @ day O <0.10 mg/L @ day 10

Chemical analysis

Yesvia LSC

Sedimensource

Naturalfreshwater Glen
Charlie PondWareham, MA

Organic carbomrontent

5.5%

Particle size distribution (sand, si

83%, 12%, 5.5%

Sieved to remove

clay) particles > 2 mm
pH 4.9
Percent solids 38.78%

Sediment spike procedure

Spiked 0.05 kg silica with 9
mL acetone solution,
evaporated solvent, then
added td® kg wet sediment
(0.7756 kg dry wt.)

Rolled for 4 hr after
initial spike

Sediment spike equilibration time

Jar rolling technique
31 days at 4°C

Roll once/week for 2 |
during equilibration

Sediment to Solution ratio

100mi(4cm):175 mL

122 g wet t or 47 g dry
Wt.

Interstitial watermonitored?

Yes

Interstitial watelisolation method

Centrifugation

30 minat 10,0009

Interstitial waterchemical analysig
method

LSC (Liquid scintillation
counting)

2 mL interstitial water

DOC to: 9.2-13.4mg/L
day10: 6.8-12.6mg/L
Feeding Flakes fish food suspension 1.5 mL of 4.0 mg/mL

once daily

per vessel

Purity of test substance

96.4%*"C-bifenthrin;
specific activity 24.4
mCi/mmol using HPLE
radiochemical detection
(RAM)

Technical (93%) used
for range finding

Concentrations measured?

Yes sediment, interstitial
water, and overlying water

Measured is what % of nominal?

Sediment88%-95%

Toxicity values calculated based Measured
nominal or measured concentration
Concentration of carrier (if any) in | 0
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C. dilutus

Putt 2005

Parameter

Value

Comment

test solutions

Concentration 1 NopMeas(mean of
to and day 10)

Sediment dry wt.: 9083
ng/kg

OC-normal*: 1.5nmg/gOC
Interstitial water (meas): 0.2
ng/L

8 reps 10 midges/rep

Concentration 2 NopMeas(mean of
to and day 10)

Dry Weight: 180;170ng/kg
OC-normal*: 3ng/gOC
Interstitial water (meas): 0.5
ng/L

8 reps 10 midges/rep

Concentration 3 NonMeas(mean of
to and day 10)

Dry Weight: 350;:330ng/kg
OC-normal*: 6 ng/gOC
Interstitial water (meas): 0.5
no/L

8 reps 10 midges/rep

Concentration 4 NopMeas(mean of
to and day 10)

Dry Weight: 700,610ng/kg
OC-normal*: 11ng/gOC
Interstitial water (meas): 1.7

8 reps 10 midges/rep

ng/L
Concentration SNom; Meas(mean of| Dry Weight: 1400;1200 8 reps 10 midges/rep
to and day 10) my/kg

OC-normal*: 22ng/gOC
Interstitial water (meas): 2.9

no/L
Concentration 6 NopMeas(mean of| Dry Weight:280Q 2500 8 reps 10 midges/rep
to and day 10) no/kg

OC-normal*: 45ng/gOC
Interstitial water (meas): 5.3

no/L

Control

Solvent and negative

8 reps 10 midges/rep

LCso

> 2500ng/kg dry weight
(bw)

Method: Inhibition
concentration
(TOXSTAT 3.5)

ECs0 (95% confidence interval)

Growth: 780 (600 910)

Method: Inhibition

ng/kg DW concentration
OC-normal: 14.210.916.5) | (TOXSTAT 3.5)
ng/gOC

NOEC

Survival: 1200mg/kg DW;
22ng/gOC; 2.9ny/L
interstitial water

Growth: 83ng/kgDW; 1.5
ng/g OC; 0.24ny/L
interstitial water

Method:
nonparametric tests
(TOXSTAT 3.5)
Survival:
Many-One Rank Test
Gr owt h: Bo
Test
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C. dilutus Putt 200=

Parameter Value Comment

p: 0.05
MSD: not reported
Doc./Accept. points

LOEC Survival: 2500ng/kg DW; Same as above
45ng/g OC; 5.3ng/L
interstitial water

Growth: 170ng/kg DW; 3
ng/g OC; 0.56ng/L
interstitial water

MATC (GeoMean NOEC,LOEC) | Survival: 17321w/kg DW;
(mo/kg) 31ng/gOC; 3.9ny/L
interstitial water
Growth:119nmg/kg DW; 2
ng/g OC; 0.37ng/L
interstitial water

% of control at NOEC Survival: 88/83*100=106%
Growth: 1.93/1.99*100=979
% of control at LOEC Survival: 56/83*100=67%

Growth: 1.53/1.99*100=77¢

Notes:

Protocol meets requirements USEPA Test met ho
toxicity and bioaccumulation of sedimesgsociated contaminants with freshwater
i nvert e 8HPA RGEG) and 40lCFR, Part 158.

Radiolabeled bifenthrin used in toxicity testing.

*The OGnormalized sediment concentrations were calculated based on an OC content of
5.5%.

Reliability points taken off for:

Documentation Minimum significant difference (2). Total: 1€8=98

Acceptability Temperature held to £1°C (3), Random design (2), Minimum significant
difference (1). Total: 1086=94

Reliability score: Mean (98, 94) =96
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Toxicity Data Summary
Chironomus dilutugFomerly C. tentany

Xu'Y, Spurlock F, Wang Z, Gan J (2007) Comparison of five methods for measuring
sediment toxicity of hydrophobic contaminariswviron Sci Technof#l: 83948399.

Relevance Reliability
Score: 100 Score: 77.5
Rating:R Rating: R
C. dilutus Xu et al. 2007
Parameter Value Comment
Test method cited USEPA 2000 EPA-600/R99/064
Phylum Arthropoda
Class Insecta
Order Diptera
Family Chironomidae
Genus Chironomus
Species dilutus FormerlyC. tentans
Family inNorth America? Yes
Age/size at start of test/growth phas 2"-3“instar larvae
Source of organisms Lab culture Stockpurchasedrom

Aquatic Biosygems

Have organisms been exposed to | No
contaminants?
Animals acclimated and diseakee? | Yes

Animals randomized? Not reported Accept. points

Test vessels randomized? Not reported Accept. points

Test duration 10d

Data for multiple times? No

Effect 1 Survival

Control response 1 93% (mean)

Temperature 23+1°C

Test type Static renewal 80%water change

daily
Photoperiod/light intensity 16 h light:8 h dark
Overlying water Reconstituted hard | 80% change daily
water mass loss negligible

pH Measured, notepored | Doc./Accept. points
Hardness Measured, not reported | Doc./Accept. points
Alkalinity Measured, not reported | Doc./Accept. points
Conductivity Measured, not reported | Doc./Accept. points
Dissolved Oxygen > 2.5 mg/L

Sediment formulated? No, field collected
Organic carborontent SDC. 1.44%
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C. dilutus Xu et al. 2007

Parameter Value Comment
SR: 1.88%
BM: 5.03%

Particle sizalistribution (sand,

Not reported

< 2 mm (wet sieved)

silt, clay) Doc. points
pH Not reported Doc. points
Percent moisture Not reported Doc. points

Sediment spike procedure

1 mL acetone added
to 10 g sand, solven
evaporated, then
added to 400 g
sediment, tumbled
overnight

Jar rolling method

Sediment spike equilibration tim

30din dark, 4°C;
1 sediment batch
equilibrated 90 d

Jars rolled 1x/wk for
2h

Sediment to Solution ratio

30 g: 200 mL RHW

Interstitial watermonitored?

Yes

Interstitial waterisolaion method

Centrifugation

10,000 g, 30 min

Interstitial waterchemical
extraction method

SPME and LLE

Interstitial waterchemical GC-ECD
analysis method
DOC SDC: 37.8 mg/L
SR: 29.7 mg/L
BM: 66.8 mg/L
SDG90d: 22.8 mg/L
Feeding Daily 6 mg tetrafin

Purity of test substance

98.0%

Concentrations measured?

Yesi sediment &
interstitial water

Measured is what % of nominal?

Sediment: 747
94.8%
Interstitial water:
87.6114.9%

Toxicity values calculated based on
nominalor measured concentrationg

Measured

Chemical method documented?

Yes,GC-ECD

Concentration of carrier (if any) in
test solutions

None

Concentration 1ng/kg)

Not reported
6 concentrations

4 Reps, 10 per rep
-Nominal & Meas.
Conc. NR
Doc./Accept.points

Concentration 2rfg/kg)

Not reported,

4 Reps, 10 per rep
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C. dilutus

Xu et al. 2007

Parameter

Value

Comment

6 concentrations

Concentration 3nfg/kg)

Not reported,
6 concentrations

4 Reps, 10 per rep

Concentration 4nfg/kg)

Not reported,
6 concentrations

4 Reps, 10 per rep

Concentration §ng/kg)

Not reported,
6 concentrations

4 Reps, 10 per rep

Concentration 6nfg/kg)

Not reported,
6 concentrations

4 Reps, 10 per rep

Control

Solvent

4 Reps, 10 per rep

Sediment dry weighbasis
LCs0(95% confidence interval)

mo/kg

SDC: 418 (295588)
SR: 560 (367955)
BM: 924 (6111448)
SDG90d: 692 (420
1718)

Method: Not reporteg
Doc./Accept.points

OC-normalized sediment basis
LCs0 (95% confidence interval)
mg/kg OC

SDC: 29.0 (20.1
40.8)

SR: 29.8 (19.50.8)
BM: 18.3 (12.128.7)
SDG90d: 49.4
(30.0-122.7)

Same as above

Whole interstitial water basis
LCs0 (95% confidence interval)

ng/L

SDC: 0.314 (0.239
0.424)

SR: 0.258 (0.161
0.469)

BM: 0.608 (0.446
0.867)

SDG90d: 0.402
(0.2550.915)

Same as above

DOC-normalized interstitial water
basis

LCs0 (95% confidence interval)
mg/kg DOC

SDC: 8.31 (6.32
11.21)

SR: 8.68 (5.42
15.79)

BM: 9.10 (6.68
12.98)
SDG90d: 17.63
(11.1840.13)

Same as above

Freely dissolved interstitial water
basis (via SPME)
LCs0 (95% confidence interval)

ng/L

SDC: 0.048 (0.0%
0.056)

SR: 0.053 (0.034
0.051)

BM: 0.048 (0.041
0.058)

SDG90d: 0.051

Same as above
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C. dilutus Xu et al. 2007
Parameter Value Comment
(0.0390.072)

Notes:

Reliability points taken off for:

DocumentationNominal concentration®), Measured concentrationsdj, Overlying

water hardness (1), Overlying water alkalinity (1), Overlying water conductivity (1),
Overlying water pH (1)Sediment particle size distribution (2), Statistical method (5),
Hypothesis tests (8). Total: 1{31=69

Acceptability Organisms ramaimly assigned (1)Qverlying water hardness (1),

Overlying water alkalinity (1), Overlying water conductivity (1), Overlying water pH (1),
Random design (2), Appropriate spacing between concentrations (2), Statistical method
(2), Hypothesis tests (3). Tadt 10014=86

Reliability score: Mean (69, 86) =77.5
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Toxicity Data Summary
Hyalella azteca

Maul JD, Trimble AJ, Lydy MJ (2008b) Partitioning and maspecific toxicity of
bifenthrin among sediments and leafurced organic mattdénvironmental Toxicology
and Chemistry 27:94852.

Relevance Reliability
Score: 100 Score: 8
Rating: R Rating: R
H. azteca Maul et al. 2008b

Parameter Value Notes

Results published or in signed, dat( Yes

format?

Test method cited EPA 2000

Phylum Arthropoda: Crustacea
Class Malacostraca

Order Amphipoda

Family Hyalellidae

Genus Hyalella

Species azteca

Family relevant for North America?| Yes

Agelsize at start of test/growth phal 14-21 days

Source of organisms Lab culture

Have organisms been pegposed to| No
contaminants?

Were animals acclimated and Yes
diseasdree?

Were animals randomized? Yes

Were test vessels randomized? Yes

Test duration 10d
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H. azteca Maul et al. 2008b
Parameter Value Notes
Data for multiple durations? No
Effect 1 Survival
Control response 1 Sed: 906
Leaf: 93%
Mix: 100%
Temperature 18.920.8°C Accept. points

Exposure type

Static renewal

50% water changed
daily

Photoperiod/light intensity

16:8h light:dark

Overlying water source

EPA moderately hard
water

pH 7.37.77
Hardness Not reported Doc./Accept. points
Alkalinity Not reported Doc./Accept. points

Dissolved oxygen

7.259.15 mg/L

Aerated continuously

Conductivity

366-395 pS/cm

DOC

Not reported

Sedimensource

Natural soils/sediments

Soil collected from 15
km south Carbondale,
IL

Organic carbon content

Sed: 0.69 + 0.10%
Coarse particulate
organic matter: 42.6%
Fineparticulate organic
matter: 40.0%

Very fine particulate
organic matter: 39.2%

All particulate matter
from maple leaves

Particle size distribution (sand,
silt, clay)

14%, 70%, 16%

Sieved to < 500m
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H. azteca

Maul et al. 2008b

Parameter

Value

Notes

Sediment spikenethod

Spiked with 50 uL of
dosingstock solution
(acetone), mixed by han
for 2 min.

Solvent not evaporate(
Accept. points

Sediment spike equilibration tim¢

14 d at 4°C in darkness

Accept. points

Sedimentto-solution ratio

3 types of treatments
Sed: 36.02 + 0.01 g (dry]
wt.):500 mL water

Leaf: 539.7 £ 0.1 mg
(dry wt.): 500 mL water
Mix: 18.01 £ 0.01 g sed
(dry wt.), 269.8 + 0.1 mg
leaf (dry wt.):500 mL
water

Each treatment had
approximately 250 mg
ocC

Sediment extraction and chemic]
analysis method

Not reported

Interstitial watemonitored?

No

Interstitial waterextraction
method

Not applicable

Interstitial waterchemical
analysis method

Not applicable

Interstitial wateDOC

Not applicable

Feeding

1 mL of 1800 mg/L
yeastcerophylttrout
chow daily

Purity of testchemical

YC-labeled: 98.7%
Unlabeled: 98.0%

% Measured compared to nominal

87.5% for sediment and
leaf matrices based on
matrix spike recovery

Were toxicity values calculated
based on nominal or measured
concentrations?

Nominal adjusted based
onmatrix spike recovery
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H. azteca

Maul et al. 2008b

Parameter

Value

Notes

Concentration of carrier (if any) in

test solutions

Acetone solvent not
evaporated, 561/

Accept. points

treatment

Concentration 1 Nom (pg/g OC) | 0.07 3 reps, 10 per rep

Doc. pointsi meas.

concentrations not

reported
Concentration 2 Nom (ug/g OC) | 0.18 3 reps, 10 per rep
Concentration 3 Nom (pg/g OC) | 0.69 3 reps, 10 per rep
Concentration 4 Nom (ug/g OC) | 2.15 3 reps, 10 per rep
Concentration 5 Nom (ug/g OC) | 8.33 3 reps, 10 per rep
Control Type Solvent 3 reps, 10 perep

LC50(95% confidence interval)
pg/g OC

Sed: 0.105 (0.078.130)
Leaf: 0.065 (0.044

Method: maximum
likelihood probit &

0.082) Abbottds ¢
Mix: 0.152 (0.0890.199)
NOEC (ung/g OC) Not reported Method: logprobit
Sed: not calculable
Leaf: not calculable
Mix: 0.065
LOEC (ng/g OC) Sed: 0.065 Met hod: Du
Leaf: 0.065 p: 0.05
Mix: 0.184 MSD: not reported
Doc./Accept. points
MATC (geometric mean NOEC, Mix: 0.109

LOEC)
ung/g OC

% control at NOEC

Not calculable

Doc./Accept. points

% control at LOEC

Not calculable
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ASTM = American Society for Testing and Materials, DOC = dissolved organic carbon,
ECsp = exposure concentration that causes effect in 50% of a test populatigr, LC
exposure concentration that is lethal to 50% of a test population, LOEC = lowest
observed effect concentration, MATC = Maximum acceptable toxicant concentration,
meas = measured, MSD = minimum significant difference, NOEC = no observed effect
concentrabn, nom = nominal, reps = replicates, p-w¥glue for statistical significance,
TOC = total organic carbon, USEPA = United States Environmental Protection Agency.

Notes:

Reliability points taken off for:

DocumentationTable9): Measured concentrationsd), Overlying water hardness (1),
Overlying water alkalinity (1), Minimum significant difference (2), % control at
NOEC/LOEC (2). Total: 1006=84

Acceptability Table10): Sediment spike method (4), Spike equilibration time (6),
Carrier solvent (4)Qverlying water hardness (1), Qlyeng water alkalinity (1),
Temperature variation (3), Hypothesis tests (3). Total:2B{'8

Reliability scores: Mean (8!, 78)=81
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Toxicity Data Summary
Hyalella azteca

Picard CR (2010a) 1Day toxicity test exposing freshwater amphipddgdlellaazteca

to bifenthrin applied to formulated sediment under sta&ieewal conditions. Performed

by Springborn Smithers Laboratories, Wareham, MA, Study No. 136565.6133; submitted
to Pyrethroid Working Group, Washington, DC.

Relevance Reliability

Scae: 100 Score: 94

Rating:R Rating: R

H. azteca Picard 2010a

Parameter Value Comment

Test method cited EPA 2000

Phylum Arthropoda: Crustacea

Class Malacostraca

Order Amphipoda

Family Hyalellidae

Genus Hyalella

Species azteca

Family in North America? Yes

Age/size at start of test/growth phg 7 day old

Source of organisms Springborn Smithers lab
culture

Have organisms been exposed to | No
contaminants?

Animals acclimated and disease | Yes

free?
Animals randomized? Yes
Test vessels randomized? Not reported Accept. points
Test duration 10 day
Data for multiple times? No 10 day only
Effect 1 Survival
Control response 1 Negative control: 98% Pooled control:
Solvent control: 93% 95%
Effect 2 Growth (total dry wt. per
organism)
Control response 2 Pooled control: 0.11 mg
Temperature 21-25°C Accept. points
Test type Static renewal
Photoperiod/light intensity 16 h/8 h dark; 50@10 lux
Overlying water Well water
pH 6.47.1
Hardness 66-70 mg/L
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H. azteca Picard 2010a
Parameter Value Comment
Alkalinity 22 mg/L
Conductivity 420430 e mhos/ c
Dissolved Oxygen 3.47 8.4 mg/L
TOC 0.54 mg/L
AmmoniaN <0.017 0.30 mg/L
Sedimentsource Formulated Method: OECD
218
Organic carborontent 2.1%

Particle size distribution (sand
silt, clay)

71%, 7%, 22%

Sediment spike procedure

Jar rolling techniquelO0 mL of
acetone evaporated frad05

Initially rolled 4 h
at 15 rpm at room

kg sand temp. Mixed
2x/week for 2 h at
room temp.
Sediment spike equilibration | 14 d at 4°C Accept. points
time
Sediment tdSolution ratio 100:175 mL 100 mL sediment =

141 g wet wt or
89.6 g dry wt

Sediment extraction/analysis

Ext/cleanup and instrument

method analysis
Interstitial watemmonitored? Yes
Interstitial wateiisolaion Centrifugation 1200g 15-30 min
method
Interstitial water chemical SPME
extraction
Interstitial waterchemical Not reported
analysis
Interstitial wateDOC 98-140 mg C/L
Feeding 1 mL of YCT daily Per replicate vesse
Purity of test substance 95.7%
Measured is what % of nominal? | 93-110% in sediment spikeg | 97-130% in stock
day O solutions
Toxicity values calculated based ol Measured
nominal or measured
concentrations?
Concentration of carrier (if any) in | 0% 10 mL of acetone
test solutions evaporated from
0.05 kgsand
Concentration 1 NopMeas (g/kg) | 0.25 0.25 8 Reps, 10 per rep
Concentration 2 NopiMeas fg/kg) | 0.5 0.45 8 Reps, 10 per rep
Concentration 3 Noneas (u/kg) | 1.0, 0.92 8 Reps,10 per rep
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H. azteca Picard 2010a

Parameter Value Comment
Concentration 4 Nonmyleas g/kg) | 2.0, 1.9 8 Reps,10 per rep
Concentration 5 Noneas (g/kg) | 4.0, 3.6 8 Reps,10 per rep
Concentration 6 Nonieas (g/kg) | 8.0, 7.7 8 Reps,10 per rep

Control

Solvent and negative controls

8 Reps,10 per rep

LCs0(95% confidence interval)

Dry weight basis
3.7 (3.34.1) ng/kg DW

Method:
Spmtaneous Logit

OC-normal basis analysis
0.18 (0.160.20)ngy/g OC (TOXSTAT)
ECs0(95% confidence interval) Dry weight basis Method: Linear
> 7.7nmy/kg DW interpolation
OC-normal basis (TOXSTAT);
>0.37ng/g OC empirically
estimated
NOEC Dry weight basis Method:
Survival: 1.9ng9/kg DW Bonf er-tesin
Growth: 0.45ng/kg DW p: 0.05
OC-normal basis MSD: Not reported
Survival: 0.09g/g OC Doc./Accept.
Growth: 0.02ng/g OC points
LOEC Dry weight basis Same as above

Survival: 3.6ng/kg DW
Growth: 0.92ng/kg DW
OC-normal basis
Survival: 0.17mg/g OC
Growth: 0.04ng/g OC

MATC (GeoMean NOEC,LOEC)

Dry weight basis
Survival: 2.6ng/kg DW
Growth: 0.64ng/kg DW
OC-normal basis
Survival: 0.12ng/g OC
Growth: 0.03ng/g OC

% of control at NOEC

Survival: 88%/95%=93%
Growth: 0.1 mg/0.11 mg=919

Pooled controls

% of control at LOEC

Survival: 50%/95%=53%

Growth: 0.09mg/0.11mg=829

Pooled controls

Notes:

Protocol adapted from: USEPA, 2000. Methods for measuring the toxicity and

bioaccumulation ofedimenassociated contaminants with freshwater invertebrates.
Protocol fulfills requirement of USEPA OPPTS 850.1735 Whole sediment acute toxicity
invertebrates, freshwater (USEPA, 1996).
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Measured sediment concentrations are the mean of measuremeyt @l day 10.

Although the study states pore water results are in a supplemental report, the data was
never made available due to analytical and sample holding time issues.

Reliability points taken off for:

Documentation:Minimum significant differege (2). Total: 102=98
Acceptability: Spike equilibration time (4)[emperature variation (3), Random design
(2), Minimum significant difference (1). Total: 1@=90

Reliability Score: Mean (98, 90) =94
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Toxicity Data Summary

Hyalella azteca

Weston DP, dckson CJ2009) Use of engineered enzymes to identify organophosphate

and pyrethroierelated toxicity in toxicity identification evaluationsnvironmental

Science & Technology 43:5543620.

Relevance Reliability
Score: 100 Score:74.5
Rating: R Rating: R
H. azteca Weston & Jackson
2009

Parameter Value Notes
Results published or isigned, dateq Yes

format?

Test method cited EPA 2000

diseasdree?

Phylum Arthropoda: Crustacea
Class Malacostraca
Order Amphipoda
Family Hyalellidae
Genus Hyalella
Species azteca
Family relevant for North America? Yes

Age/size at start dest/growth 7-10 days
phase

Source of organisms Lab culture
Have organisms been pegposed tq¢ No
contaminants?

Were animals acclimated and Yes

Were animals randomized?

Not reported

Accept. points
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H. azteca Weston & Jackson
2009
Parameter Value Notes

Were test vessels randomized?

Not reported

Accept. points

Test duration 10d

Data for multiple durations? No

Effect 1 Survival
Control response 1 >95%
Temperature 23+0.1°C

Exposure type

Static renewal

100 mL water
changed 3x/day

Photoperiod/light intensity Not reported Doc. points
Overlying water source EPA moderately hard
water
pH 6.76 £ 0.13
Hardness Not reported Doc/Accept.
points
Alkalinity Not reported Doc/Accept.
points
Dissolved oxygen 7.34 £0.32 mg/L
Conductivity 367 =+ 25 uS/cm
Sedimensource 3 natural
soils/sediments: TON,
BAY, LPH
Organic carbon content TON: 0.56%
BAY: 1.77%
LPH: 4.43%
Particle size distribution (sand| TON: 14%, 62%, 24%
silt, clay) BAY: 52%, 38%, 10%
LPH: 46%, 47%, 7%
Sediment spike procedure Sediment spiked in Solvent not
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H. azteca Weston & Jackson
2009
Parameter Value Notes
bulk in 1L jars with evaporated

<200nL acetone stock
solutions; homogenize
by hand mixing &
rolling 1 h

Accept. points

Sediment spike equilibration
time

14 d at 4°C in darknes

Accept. points

Sedimentto-solution ratio

75 mLsediment250
mL water

Sediment extractidanalysis
method

Extracted via Tenax fo
6 h or 24 h, Tenax wag
solvent extracted &
analyzed via LSC

Interstitial watermonitored?

Yes

Interstitial watelisolaion
method

Not applicable

Interstitialwaterchemical
analysis method

Extracted via SPME
fibers equilibrated for
28 d on shaker table.
Fibers extracted with
hexane for 36 h;
analyzed via LSC

Interstitial watefTOC; DOC

Not reported

Feeding

1 mL of yeast
cerophyltrout chow

Purity oftest chemical

YC-labeled:> 98%
Unlabeled: technical

% Measured compared to nominal

Not reported

Accept. points

Were toxicity values calculated
based on nominal or measured
concentrations?

Measured

Concentration of carrier (if any) in

Acetone solvent not

Accept. points
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H. azteca Weston & Jackson
2009
Parameter Value Notes

testsolutions

evaporated, conc. not
reported

Concentration 1 Nom; Meas
(ma/kg)

6-7 concentrations
Actual concentrations
not reported

4 reps, 10 per rep
Doc. points- nom
& meas
concentrations no
reported

Accept. pointsi
conc. spacing not
reported

Concentration 2 Nom; Meas
(mg/kg)

6-7 concentrations
Actual concentrations
not reported

4 reps, 10 per rep

Concentration 3 Nom; Meas
(mg/kg)

6-7 concentrations
Actual concentrations
not reported

4 reps, 10 per rep

Concentration 4 Nom; Meas
(mg/kg)

6-7 concentrations
Actual concentrations
not reported

4 reps, 10 per rep

Concentration 5 Nom; Meas
(mg/kg)

6-7 concentrations
Actual concentrations
not reported

4 reps, 10 per rep

Concentration 6 Nom; Meas
(mg/kg)

6-7 concentrations
Actual concentrations
not reported

4 reps, 10 per rep

Control Type

Negative and solvent

4 reps, 10 per rep

LCs50(95% confidence interval)
png/gOC

Test 1: 0.76 (0.69.85)
Test 2: 0.73 (0.6D.84)
Test 3: 0.76 (0.69.85)
Test 4: 0.89 (0.74.04)
Test 5: 0.97 (0.82.10)
Test 6: 0.73 (0.6D.84)

Method:probit
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ASTM = American Society for Testing and Materials, DOC = dissolved organic carbon,
ECsp = exposure concentration that causes effect in 50% of a test populatigr, LC
exposure concentration that is lethal to 50% of a test population, LOEC = lowest
observed effect concentration, MATC = Maximum acceptable toxicant concentration,
meas = measured, MSD = minimum significant difference, NOEC = no observed effect
concentrabn, nom = nominal, reps = replicates, p-w¥glue for statistical significance,
TOC = total organic carbon, USEPA = United States Environmental Protection Agency.

Notes:
Different letters after L&y or EGso values within a single concentration type iradés
that they are significantly different g0.05).

Reliability points taken off for:

DocumentationTable9): Nominal concentration®), Measured concentrationk0j,
Overlying water hardness (1), Overlying water alkalinity (1), Photoperiod (3), Hypothesis
tests (8). Total: 10@5=75

Acceptability(Table10): Measured concentrations within 20% nominal 88diment

spike method (4), Spike equilibration time (6parrier solvent (4), Omnisms randomly
assigned (1)Overlying water hardness (1), Overlying water alkalinity Rgndom

design (2), Hypothesis tests (3). Total: 28374

Reliability scores: Mean ({5, 74)=74.5
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AppendixB2

Supplemental data rated RL, LR,ldr
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Toxicity Data Summary
Ampelisca abdita
Anderson BD, Lowe S, Phillips BM, Hunt JW, Vorhees J, Clark S, Tjeerdema RS (2008)

Relative sensitivities of toxicity test protocols with the amphifdéolsaustorius estuarius
andAmpelisca abditaEcotoxicology and Environmental Safé9:2431.

Relevance Reliability
Score: 70 Score:63.5
Rating: L Rating:L

*Relevance points taken off for: saltwater species (15); control results not reported (7.5)

A. abdita Anderson et al. 2008
Parameter Value Comment
Test method cited USEPA 1994 Estuaine and

marine amphipods

Phylum Arthropoda: Crustacea
Class Malacostraca

Order Amphipoda

Family Ampeliscidae

Genus Ampelisca

Species abdita

Family in North America? Yes

Age/size at start of test/growth phas Not reported Doc./Accept.
points

Source of organisms Lab culture Brezina & Assoc.

Have organisms been exposed to | No

contaminants?

Animals acclimated and diseagee?

Not reported

Accept. points

Animalsrandomized?

Not reported

Accept. points

Test vessels randomized?

Not reported

Accept. points

Test duration 10d

Data for multiple times? No

Effect 1 Survival

Control response 1 Not reported Doc./Accept.
points

Temperature 20°C

Test type Static

Photoperiod/light intensity Not reported Doc. points

Overlying water

Filtered seawater diluted
with distil
salinity

€

pH

Not reported

Accept. points
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A. abdita

Anderson et al. 2008

Parameter Value Comment

Hardness mg/L as CaGO Not reported Doc./Accept.
points

Alkalinity mg/L as CaCQ@ Not reported Doc./Accept.
points

Conductivity Not reported 2 Balindly | Doc./Accept.
points

Dissolved Oxygen Not measued Slow aeration| Doc./Accept.

of test vessels points

TOC/DOC Not reported

Chemical analysis?/Method No

Sediment formulated? Yes Equal parts Salinas
River sediment
from a reference
site & clean sand,
amended with
0.75% peat

Organic carbon 0.78%

Particle size distribution (sand, silt,
clay)

13.57% med sand; 48.17%
fine sand; 38.27% silt+clay
(% fines)

pH

Not reported

Doc. points

Percent solids

350 mL water: 107.5 g sed

Sediment spike procedure

50 mL acetonsée
to empty jar & allowed to
evaporate; sediment & wate
added to jar & rolled for®i
24 h of eq. time

Sediment spike equilibration time | 7 d Accept. points
Sediment to Solution ratio 50mL:200mL
Interstitial watermonitored? No

Interstitial watemrextraction method

Not applicable

Interstitial waterchemical extraction
method

Not applicable

Interstitial waterchemical analysis
method

Not applicable

pH Not applicable

TOC; DOC Not applicable

Feeding Not reported Doc./Accept.
points

Purity of test substance Not reported Doc./Accept.
points

Concentrations measured? Yes

Measured is what % of nominal? | 47.084.4% Accept. points
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A. abdita Anderson et al. 2008

Parameter Value Comment

Toxicity valuescalculated based on | Nominal
nominal or measured concentration

Chemical method documented? Yes EPA 1660

Concentration of carrier (if any) in | O (evaporated)
test solutions

Concentration 1 Nommig/kg DW) Test 1: 0.18 5reps, 5 org/rep
Test 2: 0.18

Concentration 2 NorMeas(mg/kg | Test 1: 0.32; 0.242 5 reps, 5 org/rep

DW) Test 2: 0.32; 0.270

Concentration 3 NorMeas (hg/kg | Test 1: 1.00; 0.470 5reps, 5 org/rep

DW) Test 2: 1.0; 0.705

Concentration 4 NorMeas(mg/kg | Test 1: 3.2; 2.790 5reps, 5 org/rep

DW) Test 2:3.2; 2.65

Concentration 5 Nortmg/kg DW) Test 1: 10 5 reps, 5 org/rep
Test 2: 10

Control Solvent and negative 5 reps, 5 org/rep

LCso (mg/kg DW) Test 1: 1.373 Method: ToxCalc
Test 2: 0.522 software

Mean: 0.948 (SD=0.432)

Notes:

Reliability points taken off for:

DocumentationOrganism age (5), Chemical purity (5), Overlying water hardness (1),
Overlying water alkalinity (1), Overlying water dissolved oxygen (2), Overlying water
conductivity (1), Sediment pH (1), Photoperiod (3Yypothesis tests (8). Total: 100
27=73

Acceptability Control response (9), Chemical purity (10), Measured concentrations
within 20% nominal (4), Sediment spike equilibration time (2), Organisms age (3),
Organisms randomly assigned (1), Feeding (3), Osgasmacclimated (1), Overlying
water hardness (2), Overlying water alkalinity (2), Overlying water dissolved oxygen (6),
Overlying water conductivity (1), Overlying water pH (2), Temperature variation (3),
Random design (2), Hypothesis tests (3). Total-30646

Reliability score: Mean (73, 46)=63.5
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Toxicity DataSummary
Chironomus dilutus

Harwood AD, Landrum PF, Lydy MJ (20483Bioavailability-based toxicity endpoints of
bifenthrin forHyalella aztecandChironomus dilutusChemosphere 90:11417122.

Relevance Reliability
Score: 90 Score: 1
Rating: R Rating:L

*Relevance points taken off for: No standard method cited (10)

C. dilutus Harwood et al. 2012

Parameter Value Notes

Results published orin | Yes
signed, dated format?

Test method cited Not reported Accept. points
Phylum Arthropoda

Class Insecta

Order Diptera

Family Chironomidae

Genus Chironomus

Species dilutus

Family relevant for North | Yes
America?

Age/size at start of 3%instar
test/growth phase

Source of organisms Lab culture

Have organisms been preg No
exposed to contaminants]

Were animals acclimated| Yes
and diseasfree?
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C. dilutus

Harwood et al. 2012

Parameter

Value

Notes

Were animals
randomized?

Not reported

Accept. points

Were test vessels
randomized?

Not reported

Accept. points

Test duration 10d
Data for multiple No
durations?

Effect 1 Survival
Control response 1 >80%

Effect 2

Immobilization

Inability to perform
typical Sshaped
swimming motion wher
gently prodded

Control response 2

<15% *

Temperature

23+0.1°C

Exposure type

Static renewal

100 mL water changed
3x/day

Photoperiod/light intensity,

Not reported

Doc. points

Overlyingwater source

EPA moderately hard water

pH 6.76 £ 0.13
Hardness Not reported Doc., Accept.points
Alkalinity Not reported Doc., Accept. points

Dissolved oxygen

7.34 +0.32 mg/L

Conductivity

367 £ 25 uS/cm

TOC; DOC

Not reported

Chemicalanalysis
method

Not analyzed
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C. dilutus

Harwood et al. 2012

Parameter

Value

Notes

Sedimensource

3 natural soils/sediments: TON
BAY, LPH

Organic carbon conter

TON: 0.56%
BAY: 1.77%
LPH: 4.43%

Particle size
distribution (sand, silt,
clay)

TON: 14%, 62%, 24%
BAY: 52%, 38%, 10%
LPH: 46%, 47%, 7%

Sediment spikenethod

Sediment spiked in bulk in 1L
jars with<200n1L acetone stock
solutions; homogenized by har
mixing & rolling 1 h

Solvent not evaporated
Accept. points

Sediment spike
equilibration time

14 d at 4°C in darkness

Accept. points

Sedimenito-solution
ratio

50 g sediment (dry wt.) and <
250 mL of water

Sediment extraction
and chemical analysis
method

Extracted via Tenax for 6 h or
24 h, Tenax was solvent
extracted & analyzed via LSC

Interstitial water
monitored?

Yes

Interstitial water
extraction method

Not applicable

Interstitial water
chemical analysis methoo

Extracted via SPME fibers
equilibrated for 28 d on shaker
table. Fibers extracted with
hexane for 36 h; analyzed via
LSC

Interstitial wateDOC

Not reportel

Feeding

1 mL of 6 g/L Tetramin daily

Purity of test chemical

YC-labeled:> 98%

Unlabeled: technical
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C. dilutus

Harwood et al. 2012

Parameter

Value

Notes

% Measured compared tc
nominal

Not reported

Accept. points

Were toxicity values
calculated based on
nominal or measured
concentrations?

Measured

Concentration of carrier (i
any) in test solutions

Acetone solvent not evaporate
conc. not reported

Accept. points

Concentration 1 (mg/kg)

6-7 concentrations
Actual concentrations not
reported

4 reps, 10 per rep
Doc. points- nom &
meas concentrations n
reported

Accept. pointsi conc.
spacing not reported

Concentration 2 (mg/kg)

6-7 concentrations
Actual concentrations not
reported

4 reps, 10 per rep

Concentration 3 (mg/kg)

6-7 concentrations
Actual concentrations not
reported

4 reps, 10 per rep

Concentration 4 (mg/kg)

6-7 concentrations
Actual concentrations not
reported

4 reps, 10 per rep

Concentration 5 (mg/kg)

6-7 concentrations
Actual concentrations not
reported

4 reps, 10 per rep

Concentration 6 (mg/kg)

6-7 concentrations
Actual concentrations not
reported

4 reps, 10 per rep

Control Type

Negative and solvent

4 reps, 10 per rep

LCs0(95% confidence
interval)

Sediment dry weight basi:

TON: 0.087 (0.070.105}
BAY: 0.108 (0.0860.125}
LPH: 0.189 (0144-0.229¥

Method: logprobit
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C. dilutus

Harwood et al. 2012

Parameter Value Notes

po/kg DW

LCs0(95% confidence TON: 9.04 (7.4310.9)° Method: logprobit
interval) BAY: 6.08 (4.867.06)°

OC-normalized sediment | LPH: 4.26 (3.265.17)°

basis

pg/g OC

LCs0(95% confidence TON: 2.44 (1.982.98)° Method: logprobit
interval) BAY: 1.75 (1.352.010)

SPME basis (normalized | LPH: 0.905 ().6341.18)"

to PDMSconc.)

pg/mL PDMS

LCs50(95% confidence TON: 8.84 (7.0810.8)% Method: logprobit
interval) BAY: 6.35 (4.927.30)*

Calculatednterstitial LPH: 3.28(2.304.27)"

waterconcentration basis

ng/L

LCs0(95% confidence TON: 2.74 (2.098.51)* Method: logprobit
interval) BAY: 1.76 (1.392.09)%

6 h Tenax extractable | LPH: 0.576 (0.42.691)°

concentration basis

pg/g OC

LC50(95% confidence TON: 4.57 (3.7%6.62)* Method: logprobit
interval) BAY: 2.27 (1.912.66)"

24 h Tenavextractable LPH: 1.49 (1.121.92)°

concentration basis

pg/g OC

ECs0(95% confidence TON: 0.052 (0.044.058) Method: logprobit
interval) BAY: 0.071 (0.0590.077Z

Sediment dry weight basi{ LPH: 0.083 (0.0570.103)

pg/kg DW

ECs0(95% confidence TON: 5.46 (4.6665.06) Method: logprobit
interval) BAY: 4.02 (3.384.37)°

OC-normalized sediment
basis

pg/g OC

LPH: 1.87 (1.292.32)°
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C. dilutus Harwood et al. 2012

Parameter Value Notes
ECs0(95% confidence TON: 1.37 (1.091.56)? Method: logprobit
interval) BAY: 1.15 (1.031.26)%

SPME basis (normalized | LPH: 0.411 (0.289.505)°
to PDMS conc.)

pg/mL PDMS

ECs0(95% confidence TON: 4.97 (3.9%.66)° Method: logprobit
interval) BAY: 4.17 (3.674.56)%

Calculatednterstitial LPH: 1.49 (1.021.84)"

waterconcentration basis

ng/L

ECs0(95% confidence TON: 1.39 (1.0€1.65)% Method: logprobit
interval) BAY: 1.10 (0.9521.20)*

6 h Tenax extractable LPH: 0.225 (0.15@.287)°
concentration basis

pg/g OC
ECs0(95% confidence TON: 2.75 (2.343.03)% Method: logprobit
interval) BAY: 1.60 (1.441.71)°

24 hTenax extractable LPH: 0.626 (0.429€.758)"
concentration basis
ug/g OC

ASTM = American Society for Testing and Materials, DOC = dissolved organic carbon,
ECso = exposure concentratiohat causes effect in 50% of a test populationsol=C
exposure concentration that is lethal to 50% of a test population, LOEC = lowest
observed effect concentration, MATC = Maximum acceptable toxicant concentration,
meas = measured, MSD = minimum signifitdifference, NOEC = no observed effect
concentration, nom = nominal, reps = replicates, pvalpe for statistical significance,
TOC = total organic carbon, USEPA = United States Environmental Protection Agency.

Notes:
* Control response for immobilitgndpoint was acquired via personal communication
with the author, Amanda Harwoodriandaharwood@gmail.com

Different letters after L&y or EGso values within a single concentration type indicates
that theyare significantly different (g 0.05).

Reliability points taken off for:

DocumentationTable9): Nominal concentration®), Measured concentrationk0j,
Overlying water hardness (1), Overlying water alkalinity (1), Photoperiod (3), Hypothesis
tests (8). Total: 10@5=75
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Acceptability(Table10): Standard method (5), Measured concentrations within 20%
nominal (4),Sediment spike method (4), Spike equilibration time @&yier solvent (4),
Organisms randomly assigned (1), Overlying water hardness (1), Overlying water

alkalinity (1), Random design (2jlution factor (2),Hypothesis tests (3). Total: 100
33=67

Reliability scores: Mean {5, 67) =71
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Toxicity Data Summary

Chironomudilutus

Trimble AJ, Belden JB, Mueting SA, Lydy MJ (2010) Determining modifications to
bifenthrin toxicity and sediment binding affinity from varying potassium chloride
concentrations in overlying wat€chemospher80:5359.

Relevance
Score: 85
Rating: L

Reliability
Score: 77
Rating:R

*Relevance points taken off for: Acceptable bioavailable concentrations not used

(nominal instead of measured; 15).

C. dilutus

Trimble et al. 2010

Parameter Value Comment

Test methodtited EPA 2000 EPA/600/R99-064
Phylum Arthropoda

Class Insecta

Order Diptera

Family Chironomidae

Genus Chironomus

Species dilutus

Family in North America? Yes

Age/size at start of test/growth phag 2" instar larvae

Source of organisms Lab culture

Have organisms been exposed to | No

contaminants?

Animals acclimated and diseaee? | Yes

Animals randomized? Not reported Accept. points

Test vessels randomized? Yes

Test duration 10d

Data for multiple times? Not reported

Effect 1 Survival

Control response 1 >88%

Temperature 23+1.8°C Accept. points

Test type Static renewal 50% water change
daily

Photoperiod/light intensity 16 h: 8 h dark

Overlying water Moderately hard

reconstituted water

pH Not reportecout measured, | Doc. points
& within EPA guidelines
Hardness mg/L as CaGO Not reported Doc./Accept.
points
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C. dilutus

Trimble et al. 2010

Parameter Value Comment
Alkalinity mg/L as CaCQ@ Not reported Doc./Accept.
points
Conductivity Not reported but measured,| Doc. points
& within EPA guidelines
Dissolved Oxygen Not reported but measured,| Doc. points

& within EPA guidelines

AmmoniaN

< 0.1 mg/L

Sediment formulated?

No

Touch of Nature
field station
reference site,
Carbondale, IL

Organic carbon

0.983 + 0.10%

Particle size distribution (sand,
silt, clay)

14%, 72%]14%

Sediment spikenethod

Solvent & volume not
reported; sedimenwater
slurries were spiked in bulk
and mixed for 10 min

Doc./Accept.
points

Sediment spike equilibration
time

14 d at 4°C

Accept. points

Sediment to Solution ratio

40 g wt.: 250 mL

Sediment extraction/analysis
method

Solvent extraction and
GC/ECD

Interstitial watermonitored?

No

Interstitial watelisolaion
method

Not applicable

Interstitial waterchemical
extraction method

Not applicable

Interstitial waterchemical
analysis method

Not applicable

DOC

Not applicable

Feeding

Every other day 1mL of 6
g/L TetraFin fish food

Purity of test substance

99.7% technical
Radiolabeled: 97.7%, 41.97
nCi/mmol

Measured is what % of nominal?

80-120%

Toxicity values calculated based on
nominal or measured concentration

Nominal

Chemical method documented?

Yes

Concentration of carrier (if any) in
test solutions

Not reported

Accept. points

Concentration 1 Nortng/qg)

9.16

Meas. conc. not
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C. dilutus Trimble et al. 2010
Parameter Value Comment
reported
Doc. Points
10 per rep, # of rep
not reported
Accept. points
Concentration 2 Nonm@/g) 18.3
Concentration 3 Nonn/q) 36.6
Concentration 4 Nonn@/q) 73.3
Concentration 5 Nonn(/g) 146
Concentration 6 Nonn(/q) 293
Concentration 6 Nonn(/g) 586
Control Solvent and negative
LCso Dry weight basis Method: probit
0.0793 mg/kg DW 95% fiducial
OC-normal basis intervals shown in
8.1 mg/lg OC Fig. 1
Notes:

Reliability points taken off for:

DocumentationMeasured concentrations (3), Overlyingter hardness (1), Overlying
water alkalinity (1), Overlying water dissolved oxygen (2), Overlying water conductivity
(1), Overlying water pH (1), Sediment spike method (4), Hypothesis tests (8). Total: 100
21=79

Acceptability Sediment spike method (gpike equilibration time (6), Carrier solvent

(4), Organisms randomly assigned (1), Temperature variation (3), Overlying water
hardness (1), Overlying water alkalinity (1), Adequate replication (2), Hypothesis tests
(3). Total: 10025=75

Reliability score: Mean (79, 75) =77
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