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0. Executive summary

The work presented in this report builds furtheomphe work already conducted for
nickel in the framework of the Existing Substanag®ation EEC 793/93. The data
gaps identified in the earlier sediment conclusipnprogram and discussed
extensively at the technical conclusion workgroupNES 11I'07 were taken as a
starting point. In short during the earlier resbapcogram the attempt to generate a
robust sediment effects database for nickel failed to the observation that spiking
methods were not optimal resulting in an additioegposure to nickel from the
overlying water. Although the laboratory test résudould not be used for the final
PNEC derivation, the laboratory results (Vandegataiet al, 2006) and the results of
the nickel field recolonization study (Nguyen et2011) did indicate the importance
of certain sediment parameters (e.g. Acid Volaelfides, AVS) as possible
mitigating factors for nickel toxicity. An exteng\program called “The Conclusion i)
Sediment Research Program” was subsequently sély UdiPERA to address the
remaining issues. This multi-component study hadgbals of deriving Predicted No
Effects Concentrations for sediment-associatedehifRNECsed), and for identifying
relationships between important sediment parameteds the toxicity of nickel to
sediment-dwelling organisms.

Overall the Ni conclusion i) work progressed oungm@l understanding on how to
estimate chronic Ni toxicity to sediment organissubstantially and resulted in a
more robust sediment toxicity database containingp&cies including amphipods
(Hyalella azteca Gammarus pseudolimnagus mayflies Hexagenia s,
oligochaetes Tubifex tubifex Lumbriculus variegatys mussels Lampsilis
siliquoideg and midges hironomus dilutusChironomus riparius However, four
insensitive species resulted in censored data (EGIOr EG, values) and hence the
species sensitivity distribution could only be domsted using the other four non-
censored data points. This yielded a ReasonablestZase (RWC) HEso of 94 mg
Ni/ kg dry wt. The benefits of increasing the numb&data points using alternative
approaches such as the EP method and Kernell/MLBoiGseem to outweigh the
substantial increase in uncertainty by applyingéhmethods. Hence the preference is
be given to the use of the whole sediment toxid&ga base even though only 4
bounded data points are available. Part 1 of tBon and respective annexes
describe the different approaches taken in thisestn

Part 2 of the report explores the possibility ofveleping predictive models for
predicting bioavailability and chronic toxicity afickel in freshwater sediments.
Meaningful bioavailability relationships were oltad between three nickel sensitive
sediment species and the sediment parameters A¥$@nFor some species Total
Organic Carbon (TOC) and Cation Exchange CapadifQ) also were also
important parameters. However, due to co-variarmeerof the considered sediment
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parameters could be singled out as being the predmtnparameter. Normalizations
toward the different sediment parameters reducedriter sediment variability in a
significant way (up to 77 % reduction) for the anmuu species. However, the
bioavailability relationships were less outspokenthe mayflyHexagenia It is not
clear what contributed to this observation. Onedtlypsis could be the specific life
stage of the mayflies forming burrows that theyivaty ventilate with overlying
water creating a micro-habitat which has less réd@mmee with the overall sediment
environment that other species see. Another pa@ssiilanation is dietary exposure.
SinceHexagena is one of the more sensitive species of theilligion the final effect
on the HGso of normalising the SSD towards the conditions pilevg in the
different sediments (representing the 16‘-$mercentile of conditions encountered in
the EU) is rather limited (factor 1.6-2.2). The Hgvalues obtained for the different
bioavailability scenarios range with the AVS mofteim 126-281 mg/kg dry wt. A
similar range is observed when using Fe based mod#t ranges of 143-265 mg/kg
dry wt

Finally, the Robustness of the Kl estimate concerning the SSD for chronic toxicity
of nickel to sediment organisms, the uncertaintglysis taking also into account the
results of the performed mesocosm studies and sessment factor analysis are
discussed in the last part of the report. The fdedision on an assessment factor for
Ni has not been made, but a discussion of the aggtsrfor considering AFs of 3, 2,
1.5 and 1 is being presented.
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1. General introduction

An extensive program called “The Conclusion i) $®elit Research Program” has
been conducted by NIiPERA to address the data gepsed when a “conclusion i)”

was determined for the sediment compartment urfterEixisting Substances Risk
Assessment of Nickel. This multi-component studyd ithe goals of deriving

Predicted No Effects Concentrations for sedimenteaisted nickel (PNECsed), and
for identifying relationships between important iseeht parameters and the toxicity
of nickel to sediment-dwelling organisms.

Task 1 of the program focused on developing spikiragedures that would create a
more realistic exposure and reduce the diffusidoss of soluble nickel from the
sediment phase into the overlying water in labayasediment toxicity tests. The
purpose of Task 2 was to provide the ecotoxicitiadset necessary to populate a
species sensitivity distribution (SSD) and to deria PNEC sediment for the
freshwater compartment. Sediment toxicity testseweonducted with 9 species,
including amphipods Hyalella azteca Gammarus pseudolimnagusmayflies
(Hexagenia sp, oligochaetes Tubifex tubifex Lumbriculus variegatys mussels
(Lampsilis siliquoideg midge (Chironumus dilutus Chironomus ripariuy and
nematodes Gaenorhabditis elegafpson two sediment types (Spring River (low
AVS/TOC) and West Bearskin Lake (high AVS/TOC) egenting sediments with
low and high nickel binding capacity, respectively.

The development of a bioavailability model to nolize total nickel sediment
concentrations was the main objective of Task 3revhex additional sediments
spanning the 10to 90" percentiles for AVS and TOC in EU sediments westdd
with four invertebrate taxa H, azteca Hexagenia sp T. tubifex and G.
pseudolimnaeys These additional data have been combined wghlte of Task-2
tests to develop a bioavailability model for nickelsediment. These models will
have the benefit of normalizing a RWC-PNEC towagrdsvailing local, site-specific
conditions.

Finally field studies have been conducted where ¢hert-term toxicity and
recolonization of sediments, with varying nickehtaimination were followed over a
timeframe up to 56 days for five different sedimees.

For detailed descriptions of the procedures folidvead the results obtained the
reader is referred to the individual research rspaf the institutes/universities
involved in the Conclusion i) Sediment Program.

The current report used the available informatmpropose PNEC values that can be

used for regulatory purposes (e.g., REACH, Wateanfawork Directive) and
explores the possibility of developing bioavailélilmodels in order to incorporate
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the bioavailability concept within the EU risk assment framework. This work as

well as all research results were presented armdished in depth at the review panel
meetings organized with the Technical Conclusiogrgup on the PNECsediment
derivation for Nickel, consisting of representaiva Academia, Member States and
industry (NIPERA). Denmark, The Netherlands andn@ary attended all or most

working group meetings/ telephone conferences.rShi{ and France participated in

some telephone conferences/ working group meetings.

The current report reflects as much as possiblgéneral consensus reached at these
discussions but should still be looked at as aepeddent report expressing the view

of the authors.

The information on PNEC setting provided here cstssif four parts:

Derivation of a Reasonable Worst Case (RWC).kiGediment value of nickel
for the freshwater environment.

Development of predictive models of bioavailability and toxicity of nickel in
freshwater sediments

Derivation of HG.5p sediment values of nickel for the freshwater emvmnent
for different bioavailability scenarios.

Robustness of the HGp estimate: uncertainty analysis and AF derivation

In annexes more information is given on other apphnes that were evaluated but
were finally not retained as basis for the finalERNderivation.

2. Derivation of a Reasonable Worst Case (RWC) HCs sediment
of nickel for the freshwater environment

2.1 Approach and selection of toxicity values for RWC-HC5 derivation

The REACH process requires the generation of gereposure scenarios (GES)
which identify generic operating conditions thasui in safe use. To ensure that the
GES are appropriately conservative to cover a \nagge of conditions, a Reasonable
Worst Case (RWC) PNEC (expressed as total recolermtkel (TR Ni)) is used in
risk calculations to assess the potential environtaderisks of nickel to benthic
species within this framework. Furthermore, a RRIEEC can be applied when the
data necessary for performing bioavailability coti@n (e.g., acid volatile sulfide
(AVS) are not available.

The ecotoxicological data used were derived froenfital reports on the Conclusion

i) Sediment Research Program (performed by USG&kstigating the bioavailability
and ecotoxicity of nickel spiked into in naturatiseents (Besser et al, 2011).
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According to REACH guidance, a RWC-PNEC should ecfl conditions that
represent the 1D percentile of parameters controlling nickel bidtakility.
Therefore, sediment toxicity data from Task 2 ara$Kr 3 sediments in which the
presence of AVS or other mitigating factors (orgararbon (OC), and iron (Fe)) did
not represent a RWC for bioavailable nickel wereladked from the RWC PNEC
calculation. For example the sediment of West Baarsvas not used since it
contained 36 pmol AVS/g dry weight, which represehe 98' percentile of the AVS
distribution in EU sediments.

From the Task 2 sediments Spring River (SR) sediwas selected as the sediment
with the highest bioavailability (AVS < 1 pumol/gydweight, organic carbon 0.42%,
Fe 7,753 mg/kg dry wt.)) and hence the best catelittaderive a realistic worst-case
(RWC) PNEC for the freshwater sediment compartm@nifask-3 sediment with
similar characteristics was Dow Creek sedimentTable 1 a comparison is made
between the AVS-TOC concentrations measured inetlsesliments and the 10 %
values found in the EU for these parameters.

Table 1: Comparison AVS and TOC concentrations of SpringeRand Dow Creek
sediment with the RWC conditions in the EU '{gercentiles)

Sediment AVS (umol/g dry wt.) TOC (%)
Test sediments

Spring River 1.1 0.4
Dow Creek 1.0 1.2
10" percentiles

Belgium (Flemish region 0.8 0.3
(n=200)

Netherlands (n= 28) 1.3 15
Finland (n= 25) 1.0 2.3
United Kingdom (n= 16) 0.3 2.0
EU database (n= 335) 0.5 NA

NA: not available

Concentrations of AVS for both Spring River and Doveek are higher than the"™.0
percentile of all EU sediments (0.5 pmol/g), wheré&/S from these systems lie
between the highest (1.3 pmol/g) and lowest (0.®lfghobserved for specific EU
Member States. Concentrations of TOC in both $pRiver and Dow Creek are
below the 18 percentile for three out of four Member StatesVSAconcentrations

are near the bpercentile of most Member States and TOC concémnisaare below

the 10" percentile for most Member States. It can be lemter! that the combinations
of low AVS and low TOC represent RWC conditions tloe EU.

Table 2 summarizes the results of the chronic tyxiests for several freshwater

species from Task 2 and Task 3 conducted with §pRiver or Dow Creek
Sediments. The endpoints presented represenndisé sensitive endpoint for the
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given species.

Table 2: Species EG-NOEC values (total recoverable Ni, mg Ni/kg dry)wor the
most sensitive endpoint for all sediment dwellimgamisms for the Spring

River and Dow Creek sediments

SR sediment DOW
sediment
Organism Most Species EGy | Species EGy Geometric mean
sensitive NOEC NOEC (mg total Ni/kg dry
endpoint (mg total (mg total wit)
Ni/kg dry wt) Ni/kg dry wt)
Hyalella azteca Biomass 160 139 149.1
(49-609) (76-252)
Gammarus Biomass Test failéd 228 228
pseudolimnaeus (107-486)
Hexagenia species Biomass 371 151 236.7
(94-1,463) (32-710)
Lumbriculus variegatug Abundance 554 / 554
(169-1,816)
Chironomus dilutus > 762 / > 762
Chironomus riparius > 762 / > 762
Lampsilis siliquoidea > 762 / > 762
Tubifex tubifex > 762 >1,372 > 762
Caenorhabditis elegans Test failed / /

% mean of two tests: Egvalues and CL = 82 (195 % CL: 45-149) and 337 8<L: 53-1,069) mg
total Ni/kg dry wt.

® unacceptable control mortality

¢ unbounded NOEC

/ test not conducted

bold data: used for the HG, calculation

Although the use of statistical extrapolation mehdor calculation of a PNEC for

sediment organisms is embedded in the ECHA guidavizen sufficient data are

available, clear guidance on the minimum sample $ar this compartment is

lacking. For the aquatic compartment confidence lbanassociated with a PNEC
derived by statistical extrapolation if the databasntains at least eight taxonomic
groups. For the sediment compartment no specifquirements have yet been
defined.

The sediment effects data set (eight species)ibixeh(Table 2) is representative of
different sediment exposure pathways, as well aargty of feeding strategies and
taxonomic groups. In short, the nickel sedimericity database is representative of
benthic ecosystems, thus fulfilling one of the easeristics that should be considered
when evaluating whether or not the use of the S&aach is appropriate.

Four of the eight species yielded reliable;f@alues H. azteca, G. pseudolimnaeus,
Hexagenia and L. variegatuy. Unfortunately, four species tested resulted in
unbounded (censored) data (i.e. no effects wereerobd at the highest test
concentration), which indicate the insensitivitytbése important sediment dwelling
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species towards nickel. For three species of tifimsespecies no effect at all was
observed at the highest tested concentration. Tegts tG. pseudolimnaeusnd
Caenorhabditis elegafsconducted with Spring River sediment did not ptest
acceptability criteria. Th&. exposure to SR failed due to poor performance é th
controls and treatments. Most probably the phystoemical characteristics (i.e. grain
size) of the test sediment exceeded the toleraaugerof the test organism. The SR
sediment contains a lot of inorganic matter (laygend) while the test organisms
were isolated from compost and high organic compois. Similar variability results
in survival were observed for the other tested reedis in task 2 and task 3. The
amphipodG. pseudolimnaeugst with SR (yielding an Egof 138 mg Ni/kg dry wt.)
failed due to low control survival, which was ditrted to a mechanical problem with
the system controlling the pH. However, the teshv@. pseudolimnaeus Task 3
with the Dow Creek sediment (similar in charactessas the Spring River sediment)
yielded a valid test (Efg of 228 mg/kg dry wt.) showing that this speciegjiste
sensitive to nickel at similar concentrations asdamphipo. azteca

2.2 Derivation of HC; 5o sediment using the statistical extrapolation method:
whole sediment toxicity data (excluding unbounded values)

The statistical extrapolation method for the whedeliment toxicity test results from
Spring River and Dow Creek was performed using Ei&X program. The ETX
program developed by the RIVM calculates thesEi{iising the conventionally used
log-normal distribution and is a conservative waycalculate the HECsp.  Since the
HCs.50 Is the most important parameter the Anderson-Daest (which puts more
emphasis on the fit of the tail of the distribujiomas used to evaluate the fit of the
model. However, although the lower part of the euis the one we are concerned
with, the upper part of the curve also influencke HG 5o values especially in
balanced models such as used in the ETX program.

Figure 1 presents the lognormal function that vitsesdf through the four bounded data
points and which was accepted at P < 0.05.
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SSD Graph
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Figure 1: The cumulative frequency distributions of the NQEG,, values (n= 4)
(expressed as mg Ni/kg dry wt.) from the Ni chraioixicity tests towards
sediment-dwelling organisms — observed data anehdomal curve for
the dataset fitted on the data. Unbounded NOEGegaiere excluded.

A summary of the estimated Hg value (with the 90% confidence bounds) for the
log-normal function (calculated with ETX) is proed in Table 3.

Table 3: Calculated HEsp value (mg Ni/kg dry wt.) (with the 5-95% confidenc
limits) Unbounded NOEC values excluded.

HCs.50 at 50% (& 5-95% confidence limits) Type of best fitting model Parameters
expressed as mg Ni/kg dry wt.
94 (15-172) (n=4) Log-normal model (ETX) (2.4289)

Since the current SSD only contains four data gomtther approaches were explored
to increase the number of data points in the SSI daring additional information
into the final decision making process. These aggies and the outcome of the
analysis are discussed in the respective annetashatl to this report. In short the
following approaches were investigated:

1) Including the fatmucket clamn . siliquoideadata point as a valid entry (Annex
A)

2) Substituting unbounded values by the use of watbr data for the insensitive
species using the equilibrium partitioning (EP) Inoet (Annex B)

3) Use of other statistical techniques in order toetdlke censored data into
account (Annex C)
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Omitting or including thel. siliquoideadata point in the SSD analysis has no real
influence on the obtained HCAnnex A) If the data point is included a Kl§g of 95.8

mg Ni/kg dry wt (n = 5) is obtained compared torddg Ni/kg dry wt for the SSD
constructed on four data points. Please note thainy case this endpoint was not
statistically significant and was determined tdrbalid to include it in the SSD.

The EP method was used to increase the numbereofespby translating water only
data for the insensitive species to whole sedinmecitel toxicity thresholds (see
annex B for details). The EP-method resulted ightlly lower HG; 5o values (79-81
mg Ni/kg dry wt) but these values are overall suppe of the HG value derived
based solely on whole sediment contact data. Tiwarea general agreement in the
technical conclusion i) review group that the reswf this exercise was useful in
terms of a weight of evidence approach but showldlly not be used in the SSD
given the high uncertainty surrounding some EPutaled values. Some implausible
differences of intrinsic species sensitivity betwelee water only data and the whole
sediment data were observed that generally coukpkined by differences in water
hardness and DOC levels between the two test setTupe large difference i.e. the
high sensitivity ofL. siliquoideain the water only data set and the insensitive
response of the same species in the whole sedimenity test could, however, not
be explained. Applying the EP method to metals, éwax, is not deemed the most
scientific way forward for and introduces considideauncertainty.

Finally, several statistical methods were explaredrder to fit censored data (Annex
C). The kernel distribution gives a higher &4(120 mg Ni/kg dry wt.). Using the
maximum likelihood method results in a lower &g (71.6 mg Ni/kg dry wt.).
Typically, no single method is unequivocally superacross all scenarios, although
all of the methods may excel in one or more scemarverall, a selection of a
method for SSD fitting with censored data purposesld require a thorough review
and comparison of the existing methods. This may fieirther discussions between
experts and non-experts on the best approach.

Overall preference should be given to the derivaid the HG based on whole
sediment toxicity data, excluding censored dataneif only 4 data points are
available. This is justified because:

» Although only four data points are included in fhmal SSD these data points
have been extracted from an extensive sedimenésteffatabase covering
eight species representativedifferent sediment exposure pathways, as well
as a variety of feeding strategies and taxononoogg

» the four species that yielded valid test resultgutate the lower part of the
SSD and hence forms the basis for the SSD cuneel fib these data points,

* including the EP generated SSD data would introdwomsiderable
uncertainty to the SSD.
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3. Development of predictive models of bioavailability and
toxicity of nickel in freshwater sediments

3.1 Introduction

Task 3 of the sediment conclusion i) program wasedi at the identification of key
sediment parameters driving nickel toxicity in frester sediments. Four speciék (
azteca G. pseudolimnaeysHexagenia spand T. tubifex were selected as model
organisms to conduct a set of ecotoxicity testsadiments representing a range of
sediment parameters. An overview of the physicaysbal characteristics of these
sediments and the reference conditions choseihdédRWC are given in Table 4.

Table 4: Overview Physico-chemical characteristics sedism@ask 2 and task 3

sediments.
Sediment AVS TOC Fe CEC
(umol/g dry wt.) (%) (mg/kg dry | (meq/100g)
wt.)

Task 2 sediments
Spring River 1.1 0.4 7,753 5.6
West Bearskin 36 10.5 51,317 41
Lake

Task 3 sediments
Dow Creek 1.0 1.2 6,400 6.1
P30 12.4 1.8 15,800 18.7
RR2 6.1 4.1 10,500 14.3
RR3 8.0 8.1 14,900 27.6
STJ 3.8 1.9 22,900 10.3
STM 24.7 8.1 26,400 29.2

RWC sediment

RWC sediment 077 | o058 | 12920 | 8.6

210" percentile AVS Flanders database (Vangheluwe, @0f13)
® Expert judgment

°10" percentile TOC database (Vangheluwe et al, 2008)
410" percentile CEC GEMAS soil dataset (EU 27 + Norway)

T. tubifexwas initially chosen for this task to increaseotaomic diversity; however,
the data could not be used for developing relatimmssdue to a low toxicity response.
Ultimately, bioavailability models were developemt the following three sediments
species:

* Hyalella azteca

 Gammarus pseudolimneaus
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* Hexageniaspecies

Unfortunately, the development of a bioavailabilityodel for the oligochaeté.
variegatuswas not within the scope of task 3. In orderdaonmalize this species in the
SSD the possibility of read-across from a bioawslily model developed with
another species needs to be explored.

3.2 Endpoint selection and data analysis

Toxicity endpoints were evaluated for use in bidabaity models based on their
sensitivity and variability, which is important fro a statistical point of view.
Endpoints with high sensitivity tended to have aeavrange of responses to spiked
sediments, which facilitates development of coneioin-response models for many
or all of the sediments tested. However, it i® atgportant that effects concentrations
have low variability (narrow confidence intervat®cause it increases the confidence
in differences in effects concentrations among reedis; this inter-sediment
variability will be the basis for the bioavailalylimodels. For the three sensitive
species, several endpoints were less suitableidavailability models because they
were relativity insensitive (e.g., survival ¢fexagenia growth of Hyalella and
Gammaru} and/or sensitive, but highly variablédyalella reproduction). No
endpoints from theTubifex tests were sufficiently sensitive or reliable ftire
derivation of a bioavailability model. The survivahdpoint was selected as the most
robust toxicity data for bioavailability models fboothGammarusandHyalella. For
Hexageniagrowth was selected.

Correlations and simple linear regressions betweeitity thresholds (Eg values)
and the sediment properties measured were caldulaseng the STATISTICA
software package in order to identify the sedinpnperties that explain the greatest
proportion of variation in the toxicity thresholddn all cases, the Eg value was
used instead of the kEEfor the calculation of these relationships becahseEG,
values were less variable than the,F@alues.

Multiple regressions are also calculated by a sispwrocedure in STATISTICA.
This procedure identifies the parameters that expiaost of the variation in the
dependent variable. The threshold significance lldee entry or removal of
parameters in the model was set at 1.0. The setipsgameters taken into account
were: Acid Volatile Sulphides (AVS, umol/kg dry wijotal Organic Carbon (TOC,
%), pH pore water, iron, and manganese(F&n.; Mmg/kg dry wt; Feem, Mnsew;
mg/kg dry wt), CEC (Meq/100g), sand (%), silt (%ay (%). All data, except pH,
were log-transformed.

3.3 Results
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3.3.1 General analysis

Single linear regressions between sediment toxtbitgsholds and various sediment
properties were analyzed in order to explain therisediment variation in g
values. Results were similar for toxicity thresteobased on Total Ni dose (TR Ni) as
for toxicity thresholds based on SEM Ni. Resultstfee single linear regressions for
the three speciedd( azteca and G. pseudolimnagasd the mayflyHexageniasp)
are listed in Tables 5-7. Nickel toxicity thresh®Mere significantly correlated with
AVS, Fe, TOC and CEC content of the sediment féraahphipod assays. For
HexageniaFe and/or AVS were correlated with the toxicitylues. None of the
toxicity thresholds based on pore water were sicgnitly correlated. The absence of
any significant correlations of PW-E§ with sediment characteristics for any of the

species tested is consistent with the equilibriuartifponing theory: sediment
constituents control bioavailability by modifying Nartitioning. In a similar way no
significant correlations were identified betweereying Ni water concentrations
and the observed toxicity as was seen in previdudies where overlying water

confounded the test results.

Table 5: Single linear regression éfyalella Ni toxicity threshold values (n = 8) and
sediment parameters. Only significant variablesq®% two-tailed test) are

shown.

Dependent variable Independent variable R |Effect| P<0.05

Log EGy total Ni (mg/kg dry wt.) Log AVS (umol/g dry wt.) 0.74 + 0.005
Log Fe total (mg/kg dry wt.) 0.61 + 0.02
Log TOC (%) 0.59 + 0.0p
Log CEC (meq/100g) 0.59 + 0.02

Log EGoSEM Ni (mg/kg dry wt.) | Log AVS (umol/g dry wt.) 8 + 0.0025
Log CEC (meq/100g) 0.67 + 0.013
Log Fe total (mg/kg dry wt.) 0.63 + 0.018
Log TOC (%) 0.60 + 0.023

\k,ct)g); EGo SEM NI-AVS (mol/g dry Log Mn total (mg/kg dry wt.) 0.68 + 0.012
Log Fe total (mg/kg dry wt.) 0.65 + 0.016
Log TOC (%) 0.64 + 0.01j7
Log Silt (%) 0.63 + 0.018
Log AVS (umol/g dry wt.) 0.62 + 0.02
Log CEC (meq/100g) 0.57 + 0.03

Table 6: Single linear regression @ammarusNi toxicity threshold values (n = 7)
and sediment parameters. Only significant variafpes0.05 two-tailed test)

are shown.
Dependent variable Independent variable R |Effect| P<0.05
Log EGy total Ni (mg/kg dry wt.) Log Mn total (mg/kg drytwy 0.80 + 0.006
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Log TOC (%) 0.78 + 0.0079
Log Mn SEM (mg/kg dry wt.) 0.72 + 0.016
Log Fe total (mg/kg dry wt.) 0.68 + 0.02
Log CEC (meq/100g) 0.68 + 0.02
Log Silt (%) 0.65 + 0.028
Log AVS (umol/g dry wt.) 0.62 + 0.03
Log EGo SEM Ni (mg/kg dry wt.) | Log Mn total (mg/kg dry wt.| 0.85 + 0.003
Log TOC (%) 0.77 + 0.0n
Log Mn SEM (mg/kg dry wt.) 0.77 + 0.01
Log CEC (meq/100g) 0.76 + 0.01
Log Fe total (mg/kg dry wt.) 0.71 + 0.018
Log AVS (umol/g dry wt.) 0.64 + 0.029
Log Silt (%) 0.58 + 0.04
\IXI(:(‘; EGo SEM NI-AVS (umol/g dry Log Mn total (mg/kg dry wt.) 0.65 + 0.028

Table 7: Single linear regression ¢fexageniaNi toxicity threshold values (n = 6)
and sediment parameters. Only significant varialpes 0.05 two-tailed
test) are shown.

Dependent variable Independent variable R |Effect] P<0.05

Log EGy total Ni (mg/kg dry wt.) Log Fe total (mg/kg dryt.v 0.79 + 0.018

Log EGo SEM Ni (mg/kg dry wt.) | Log AVS (umol/g dry wt.) 86 + 0.007
Log Fe total (mg/kg dry wt.) 0.69 + 0.04

Trends between the toxicity thresholds and thetifleth sediment parameters were
similar across species but some differences weseroed in the relative importance
of the different parameters. Most of the toxichyesholds for the amphipddl azteca
showed a clear relationship with AVS, with p@alues increasing with AVS. Next to
AVS, organic carbon, iron content and CEC wererttan mitigating factors foH.
azteca Also for G. pseudolimnaeushultiple sediment characteristics were positively
related with the observed toxicity. However, althbuAVS is positively correlated,
AVS explained less variability than it did fet.azteca Relationships between &S
and total manganese, organic carbon and iron weosmger. Note that forG.
pseudolimnaeuso Spring River results were present (SR was aAb\8 data point),
which could explain this observation. AVS seemedlay a less important role in
governing the nickel toxicity forHexagenia A possible explanation for this
observation is the specific lifestyle of these bwing mayflies. Hexagenianymphs
burrow within the top few centimeters of sedimeiieve they create microhabitats by
ventilating their burrows with overlying water. Bhimay lead to an exposure
(dissolved Ni concentrations and abiotic parameikesDOC) that is different than
where measurements were made, e.g., undisturbedwatar. More accurate
measurements of the nickel exposureHexageniasp. including how the micro-
habitat of this species impact bioavailability fast may help to increase the
understanding of the robustness of these relatipssh
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Combining the Task 2 and TaskHexageniatoxicity data for the derivation of a
bioavailability model was not justified becauseréhare clear discrepancies between
the high EGes for Hexageniadetermined for the two Task-2 sediments (SR and WB)
and the lower Eg&s determined for the six Task-3 sediments. TheBereinces are
most probably related to the differences betweentést systems used for Task 2
(1000 mL beakers with 200 mL sediment and 10 megfliand Task 3 (300 ml
beakers with 100 mL sediment and 5 mayflies). Brisediment depth was less and
surface area was greater in Task 2 compared widk Ba resulting in different
conditions for establishing burrows between the tegis. Due to these differences it
was decided not to pool the data for the purpo$dsoavailability modeling since
pooling the data obscure the identification of tmederlying controls on nickel
bioavailability.

Once the Task-2 and Task 3 results were separagedicant relationships were
derived between Fe and total Ni and AVS/Fe and SHEM The slope of the
relationship between toxicity (expressed as SEM\j,Ni/kg) and AVS (umol/g) for
Task 3 is similar to the slope observed for Tagklthough it is noted that this was
based on only 2 data points). (Figure 2). Note these slopes (0.26-0.34) are based
on the relationship between toxicity expressedtd 8li and AVS. These slopes are
higher than the slope (0.175) based on the reksttiiprbetween toxicity expressed as
total Ni and AVS. The total Ni vs. AVS relationphwas used in thélexagenia
bioavailability model (Table 7) because it is caetent with relationships used for
other species, and because it provides an added &dyprecaution in the HGo
determination: the lower slope yields lower normedi toxicity values for this
species.

SEM Ni Hexagenia

we

1000

STM ..........4
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ST —Re
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(Task 2) r*= 1; slope=0.34

- =

i 10
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Figure 2: Linear relationship between SEM Ni (mg/kg dry verd AVS (umol/g dry
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wt.) for Task 2 (SR and WB) sediments and TaskQ\D STJ, RR2, RR3,
P30 and STM) sediments fBlexageniaspecies

3.3.2 Overview bioavailability models

In the correlation analysis between the differagtiment parameters it was observed
that multiple sediment characteristics are podyivelated with each other (e.g. Fe
co-varied with AVS). Due to the co-variation betwesediment parameters, only one
parameter was significant when performing a mudtigdgression analysis and hence
no multiple regression outcomes containing moren tloge variable could be
established. Therefore the bioavailability modeéséh been developed for each of
these sediment characteristics using single liregression methods.

In Section 3.3.1, significant relationships betwadintoxicity and several sediment
phases were identified, including AVS, Fe, OC arlfiCC The relevance of these
sediment phases is discussed below.

Acid Volatile Sulfides (AVS)

The basic concept behind the AVS approach is tloet mmetals have higher solubility
products than most iron and manganese mono sulfeespt for pyrite) and hence
can displace iron from its sulfide complex on a eat-mole basis, forming insoluble
sulfide complexes with minimal biological availatyl The SEM-AVS model
predicts that when the measured AVS concentratexteeds the concentration of
SEM (SEM -AVS difference smaller than 0) the pora&ev levels of dissolved metal
concentrations should be very low resulting in grediction of no toxicity. For
nickel, the mitigating effect of AVS is apparenorn the data but it should be
acknowledged that the affinity of Ni for AVS is weasa than for other metals and that
other sediment phases (organic carbon, Fe/Mn oxdraxydes) may be equally
important in controlling pore water concentrations.

Organic Carbon (OC)

The observation that metals may bind strongly gaoic carbon suggests that organic
carbon normalization might also reduce the varigbdbserved in nickel toxicity.
Similar to the chemical reactions that occur betwdissolved metal and dissolved
organic carbon in the aquatic environment, the friekel ion can form complexes
with the carboxylic, phenolic, and other (amino-dasulfidic groups) functional
groups on the organic molecules . As with AVS, #&meount of metal that can be
complexated by these sediment-associated orgagands, is metal-dependent.
Copper is a very strong binder while for nickel theding capacity is less strong due
to the higher nickel sulfide solubility product.

Iron (oxy)hydroxides
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The Fe/Mn (oxy) hydroxides component of sedimestan equally important, even
dominant, repository for a wide variety of metaisthhe sediment compartment. The
high adsorption and scavenging capacities of Feldsy) hydroxides can adsorb or
incorporate substantial amounts of divalent metats may play also a role for nickel.

Cation Exchange Capacity (CEC)

Finally CEC gave significant relationships with tNe toxicity thresholds. This is
consistent with the relationship between Ni toyi¢a soil organisms and soil phases;
CEC explained most of the variation in the bioaadaility and toxicity of nickel in the
soil compartment. CEC is largely determined by pkkeand organic matter and clay
content of the sediment.

Bioavailability relationships

Since for nickel no one parameter could be singledas generally superior it was
deemed appropriate by the TC i) group to develgp atgressions using the before
mentioned sediment parameters. Linear regressiateinexplain between 59-74% of
the variability of the Egy for the three sediment organisms for AVS. Irondoas

models explained 62-79% of the observed variabi@¢ based models, which were
significant for the amphipods only, explained 5999 CEC based models 59-68 %.
The OC model and CEC models withexageniawere not significant and only

explained 29% and 36% of the observed variabiltgspectively. The lesser

performance of the bioavailability models (AVS, G&bd CEC models) for the

Hexagenia species could, for the AVS relationshggdue to the specific life strategy
of the species (formation of oxygenated burrows).diar explanation can be found
for the poor performance of the OC and CEC modHEi®se models are not taken
forward in the analysis.

Table 8 summarises the different bioavailabilitydels developed per species and per
sediment parameter.

Table 8: Overview of derived regression models relating tiwacity of nickel to
several abiotic factors (AVS, TOC, Fe and CEC)adisient.

Species Model R Intercept Slope
AVS based (S.E) (S.E)
H. azteca Log EGy total Ni (mg/kg dry wt) = 2.65 + 0.492 Log 0.74 2.65 0.492
AVS (umol/g dry wt.) (0.11) (0.11)
G. pseudalimnaeus Log EGy total Ni (mg/kg dry wt) = 2.8 + 0.358 Log 0.62 2.8 0.358
AVS (umol/g dry wt.) (0.13) (0.13)
Hexagenia sp. Log EGy total Ni (mg/kg dry wt) = 2.35 + 0.175 Log 0.59* 2.35 0.175
AVS (umol/g dry wt.) (p =0.07) (0.06) (0.07)*

TOC based
H. azteca Log EGy total Ni (mg/kg dry wt) =2.81 + 0.513 Log OC  0.59 2.81 0.513
(%) (0.12) (0.17)
G. pseudolimnaeus Log EGy total Ni (mg/kg dry wt) = 2.81 + 0.557 Log OC 0.79 2.81 0.557
(%) (0.09) (0.13)
Hexagenia sp. Log EGy total Ni (mg/kg dry wt) = 2.40 + 0.164 Log OC  0.29* 2.40 0.164
(%) (p =0.26) (0..07) (0.13)
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Fe based

H. azteca Log EC20 total Ni (mg/kg dry wt) = - 0.54 + 0.854d- 0.62 -0.54 0.854
Fe (mg/kg dry wt.) (1.15)* (0.27)
G. pseudolimnaeus Log EGy total Ni (mg/kg dry wt) = 0.31 + 0.666 Log Fe 0.68 0.31 0.666
(mg/kg dry wt.) (0.87)* (0.20)
Hexagenia sp. Log EGy total Ni (mg/kg dry wt) = 0.75 + 0.418 Log Fe 0.79 0.75 0.418
(mg/kg dry wt.) (0.45)* (0.11)

CEC based
H. azteca Log EGy total Ni (mg/kg dry wt) = 2.11 + 0.783 Log 0.59 211 0.783
CEC (meqg/100g) (0.32) (0.26)
G. pseudalimnaeus Log EGy total Ni (mg/kg dry wt) = 2.28 + 0.679 Log 0.68 2.28 0.679
CEC (meg/100g) (0.26) (0.26)
Hexagenia sp. Log EGy total Ni (mg/kg dry wt) = 2.20 + 0.0.244 Log 0.36* 2.2 0.244
CEC (meg/100g) (p=0.21) (0.20) (0.16)

* non-significant

Since the majority of relevant exposure data (eayailable through national
monitoring programs and site specific measuremeats) only reported as total
recoverable nickel) the AVS model fblexageniatest, which only marginally failed
the P < 0.05 criterion, was still considered toadppropriate to use for normalizing
Hexageniatoxicity data based on AVS content of sedimentsiscan be justified
because of the significant and strong relationsihgd was observed between toxicity
expressed as SEM Ni and AVS & 0.82, p = 0.007). In addition using the slope
based on the relationship between toxicity expesse TR-Ni and AVS (slope =
0.175) represents a precautionary approach sinseslitpe is lower than the slope
based on the SEM Ni-AVS relationship (slope = 0.26)

In the next phase of the project the normalizaéqoations were used to translate the
different ecotoxicity values towards the specifigavailability parameters of a certain
bioavailability scenario. Using these bioavaildlilmodels will, as apparent of the
analysis here below, decrease uncertainty as ceup@r the situation where no
normalization is considered. Of course, as with amydel there is still residual
uncertainty as can be deduced from tHev&ues and the calculated uncertainty on
the slopes and intercept of the regression equatiaticated between brackets (Table
8).

3.3.3 Reduction in variability

The regression models developed on sub-lethal emidpéor the amphipods and
mayfly were used for normalizing all individual &f&7alues (also based on sub-lethal
endpoints), gathered in Task 2 and Task 3 and cteized by varying physico-
chemical test conditions..

The normalization procedure uses the following équa

AF = abiotic factor (AVS, TOC, Fe, CEC)
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The EGp values are normalised using the correspondingesldp both reasonable
worst case sediment properties (AVS: 0.77 pmoljgvdri.e 10" percentile Belgium
(Flanders) AVS database (Vangheluwe et al, 200Q)CT0.5 % (expert judgment),
Fe: 12,920 mg/kg dry wt., i.e T@percentile United Kingdom database (Vangheluwe
et al., 2008) and CEC: 8.6 meq/100g, i.€" percentile GEMAS database

Table 9 shows the original (non-normalised) anddioavailability normalised intra-
species variability (expressed as the ratio betvieerighest and lowest E{from a
specific species among different test sediments, i.max/min). Only those
normalizations are shown for the bioavailabilityaets which were significant.

Table 9: The intra-species variability (expressed as max/maitios EGgy) of the
normalised and non-normalised p®@alues, using the sediment chronic
bioavailability regression models

AVS Normalisation Ratio Non- Ratio Variability
normalised Normalised reduction
ECx ECo
Amphipods
Hyalella azteca-survival 11.2 2.6 +77%
Gammarus pseudolimneaus — survival 4.5 2.6 +42%
Insects
Hexagenia species — growth 2.1 1.4 +31%
TOC Normalisation Non-normalised Normalised Variability
EC ECyo reduction
Amphipods
Hyalella azteca-survival 11.2 3.9 +65%
Gammarus pseudolimneaus — survival 4.5 2.0 +56%
Fe Normalisation Ratio Non- Ratio Variability
normalised Normalised reduction
ECx ECo
Amphipods
Hyalella azteca-survival 11.2 3.9 +65%
Gammarus pseudolimneaus — survival 4.5 2.2 +51%
Insects
Hexagenia species — growth 2.1 1.3 +38%
CEC Normalisation Ratio Non- Ratio Variability
normalised Normalised reduction
ECo ECo
Amphipods
Hyalella azteca-survival 11.2 3.7 +67%
Gammarus pseudolimneaus — survival 4.5 2.5 +44%
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The max/min ratios for the normalized pQata show a clear reduction in intra-
species variability when compared with the non-radised data for all bioavailability
models.

» The AVS normalisation results in a reduction ofranspecies variability
between 31 and 77%.

* Normalisation with the Fe model reduced variabitistween 38 and 65%.
* TOC normalization reduced variability with 55-65fét the amphipods.

» CEC normalisation reduced intra-species variabbbgyween 44 and 67% for
the amphipods.

Since the TOC and CEC models were not significantHexagenia these models
were not used to demonstrate a reduction in vdityabi

Variability among sediments means that non-norredlidata may be either under-or
over-protective. Normalization removes the valigbpart caused by differences in
sediment parameters like AVS, TOC, CEC, Fe conté&ttihough it is acknowledged
that the application of the bioavailability modedsll inherently introduces some
uncertainty, the overall picture shows that using thronic univariate regressions
reduce a large component of uncertainty within éfiects assessment and could
therefore be applied for setting an ecologicallyen@levant PNEC.

3.3.4 HCs_ 5o derivation for selected bioavailability scenarios

The different bioavailability models have subsedlyelbe used to normalize the EC
results obtained in Task 2 and Task 3 towards 1)CR®¥@nditions per sediment
parameter and 2) the sediment characteristics tireyan the different Task 3
sediments.

The normalization procedure uses the following équa

AF = abiotic factor (AVS, TOC, Fe, CEC)

For the amphipodd#d. aztecaand G. pseudolimnaeudioavailability models are
available for all four abiotic factors (AVS, TOCeFnd CEC). For Hexagenia the
TOC and CEC model were poor models and hence ttoerme of the TOC and CEC
normalizations for this species will not be used.

For the oligochaetk. variegatusno bioavailability model was derived and hencs thi
is the only data point in the SSD that cannot benatized with a species-specific
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bioavailability model. Different options are expddrin Annex D to deal with this
issue. One option is to use the non-normalized ast&uch in the SSD. An alternative
option is still to account for the variability cagsby differences in bioavailability and
to normalize the data point by using one of theabalability models developed for
another species that resembles the life stratedy wériegatusthe most. In practice
this means either using one of the amphipod matalsing the Hexagenia model.

Oligochaetes such ds variegatusand other benthic worms such as Tubificids alter
their immediate environment through the formatidnl-shaped burrows which in
contrast with Hexagenia are not irrigated with cetygted water. Tubificids live head-
down in relatively permanent vertical burrows feggdion deposits on some depth.
When inhabiting soft substratessariegatusburrows also into the sediment and feeds
in a similar head-down fashion. Sediment is ingkstine digestible portion is
assimilated, and the undigested remainder is edjestto the sediment surface as
faecal pellets (Appleby and Brinkhurst 1971). Besafeeding rates are relatively
high the so-called “conveyor-belt” feeding exhibited by manyigolchaetes
(includingL. variegatu$ results in the regular reworking of the top lagésediment,
which can have profound effects on the propertfesediments and overlying waters
(Robbins 1982). Literature is replete with exarspd how the sediment reworking
behaviour of oligochaetes can cause significanhgés to the biological, chemical
and physical characteristics of sediments and ywerlwaters (Philips Williams,
2005). For example Davies (1974) observed a simifi increase in redox potential
by the burrowing activity of Tubificids. Petersanad (1996) investigated the effect of
bioturbation of the burrowing oligochaele variegatuson the oxidation of metal
sulfide complexes in surficial freshwater sedimenstal bioavailability (Cd and Zn)
was determined directly by bioaccumulation in tlesttorganisms and indirectly
through analysis of interstitial (pore) water metahcentrations. Burrowing activity
of the oligochaete significantly reduced AVS carmtcations in surficial sediments in
a density-dependent manner. The effect was mospoken in the control sediments
which is not surprising since is has been showhnitba sulfides are more prone to
oxidation than cadmium sulfide and zinc sulfidet #éy@ more resistant to oxidation.

Various infaunal animals disturb the sediment $tmecdifferently depending on their

specific feeding type, mobility and life cycle acare should be taken in the choice of
bioavailability models since the impact on diagen@iactions may be different. With

regard to Hexagenia this species forms oxygenateshdped burrows. This micro-

habitat maximizes the exchange with the overlyiregew and hence minimizes the
mitigating capacity of a bioavailability factor suas AVS as reflected in the smaller
slope of the AVS model.

Overall a closer similarity between tubificid/oligmaete worm behavior and U-
shaped tube builders like Hexagenia can be expedetbmpared with intermittent
sediment browsers like amphipods, which do not fdsorrows. Therefore the
Hexagenia model will be used to normalize thenbriculusdata. The choice of
Hexagenia is considered precautionary becausespi@isies pumps in addition water
through their burrows by active ventilation incregsoxygenation minimizing the
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mitigating effect of AVS. Anyway as can been seerthe sensitivity analysis the
choice of bioavailability model does not have a andmpact on the HE value
(Annex D). Species to species "read across"”, howed@es imply adding some
additional uncertainty. How much this type of unaety is compensated by
decreasing the overall uncertainty in bioavail&pilising a normalization procedure
VS using no normalization is unknown.

Figure 3-4 presents the lognormal functions normealifor AVS and Fe that were
fitted through the 4 data points for the six seditseof task 3 and the RWC. All
functions were accepted at P < 0.05.
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Figure 3. The cumulative frequency distributions of the ;EQalues (n= 4)
(expressed as mg Ni/kg dry wt.) from the Ni chraioixicity tests towards
sediment-dwelling organisms. Normalized towards vaileng AVS
conditions — observed data and log-normal curvehe dataset fitted on
the data. Unbounded/censored NOEC values werededlu
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Figure 5. The cumulative frequency distributions of the ;EQalues (n= 4)
(expressed as mg Ni/kg dry wt.) from the Ni chraioixicity tests towards
sediment-dwelling organisms. Normalized towards vaileng Fe
conditions — observed data and log-normal curvehe dataset fitted on
the data. Unbounded/censored NOEC values werededlu
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A summary of the estimated Hgp value (with the 5-95% confidence limits) for the
different log-normal distributions is provided imfle 10.

Table 10: Calculated Hgso value (mg Ni/kg dry wt.) (with the 5-95% confidenc
limits)

Bioavailability Model HC;s at 50% Model HCs at 50%
scenario (5-95 % confidence (5-95 % confidence
limits) limits)
AVS mg Ni/kg dry wt. Fe mg Ni/kg dry wt.
(umol/g dry wt.) (mg/kg dry wt.)
RWC estimate 0.77 119 (24-202) 12,920 207 (53-323)
DOW 1.04 135 (29-135) 6,400 116 (14-231)
P30 124 255 (45-450) 15,800 225 (46-380)
RR2 6.06 224 (46-376) 10,500 184 (41-303)
RR3 7.98 237 (46-404) 14,900 219 (45-368)
STJ 3.78 201 (44-331) 22,900 265 (48-461)
STM 24.7 281 (41-529) 26,400 245 (49-496)

The HG.50 values obtained for the different bioavailabilggenarios range with the
AVS model from 119-281 mg/kg dry wt A similar range is observed when using the
Fe basedmodel with a reported range 4fL6-265 mg/kg dry wt.

4. Robustness of the HC; estimate: uncertainty analysis and AF
derivation

According to the London workshop on the use ofigtiaal extrapolation methods an
assessment factor between 1-5 should be appli¢deoderived Hg value. The size
of the AF will depend mainly on the remaining urtagtty. It should be pointed out
that the London Workshop specifically focused omsiderations for the aquatic
compartment. Extrapolating the London Workshoplgace to sediments may not be
appropriate, so in general the intent of the Londdirkshop was used, and
considerations that apply directly to freshwatelage ecosystems only were
carefully evaluated.

To establish the necessity for assessment facdonsimber of uncertainties must be
addressed to extrapolate from single-species ladngradata to a multi-species
ecosystem. The four areas that need to be condidese

1. intra- and inter-laboratory variation of toxicityai,;

2. intra- and inter-species variations (biologicali@ace);

3. short-term to long-term toxicity extrapolation;
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4. laboratory data to field impact extrapolation (do¥i, synergistic and
antagonistic effects from the presence of othestsuites may also play a role
here).

The use of the SSD approach with a higher numbespeties already reduces the
uncertainty in some of the traditional areas ofoewn (e.g. interspecies variation). In
case of the nickel sediment toxicity SSD approaldia are available for 8 species
representing a general cross section of feeding\bets that can be found in natural
sediment ecosystems. Although data for detritusldee are present, decomposers
such as bacteria are not included. Data for petgrhyre also not availabl@he
reason that no data are available for these grisupsinly due to the lack of suitable
standard test methods for these sediment organ@m®r sediment microbial
processes. These groups have also not been aomatlifocus of sediment risk
assessment. The organisms that are present mlathbase represent key functional
groups, and for that reason they are importantrifribrs to the maintenance of
benthic ecosystem function, which is among the lteteat risk assessment should
strive to protect.

The following criteria related to the robustnessttid HG estimate for nickel have
been considered for the derivation of the PNEC:

The overall quality of the database and the enawsocovered, e.qg., if all the
data are generated from “true” chronic studies (g.govering all sensitive life
stages; real chronic exposure time)

 The pooled Ni-database covers ecologically relevamdpoints. The selected
endpoints are relevant for potential effects at plopulation level: mortality,
biomass, emergence, growth and reproduction,

» Covering of sensitive life stages and ‘chronic’ egpre times are achieved for all
sediment-dwelling organisms covered in the Ni dasab All tests were performed
in agreement with international agreed standaratquores (e.g., OECD, ISO,
ASTM, USEPA, Environment Canada) and comprise darerposure times for
the different organisms between 28 and 42 days.ageeof the test organisms
used for toxicity testing was dependent on the tgbetest used: i.e., the
reproduction tests with oligochaetes were initiatetth adult organisms while the
toxicity tests with the amphipods and mussels vetaeted with juveniles, midge
tests were started witt™'instar larvae, and mayfly exposures were startigd w
nymphs. In cases where different options werelabiai for the age of organisms
at test initiation, decisions were made by reacloimgsensus among the Technical
Conclusion i) Group.

The diversity and representativeness of the taxiamogroups covered by the
database

* High quality chronic L(E)@/NOEC values (Q1) are available for 8 different
sediment-dwelling invertebrates, belonging to 4edént orders (i.e. oligochaetes,
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molluscs, crustaceans and insects) with differeetding habits and ecological
niches.

The test species werkeumbriculus variegatugOligochaetae, Lumbriculidae),
Tubifex tubifex (Oligochaeta, Tubificidae), Hyalella azteca (Crustacea:
Amphipoda), Gammarus pseudolimneu€rustacea: Amphipoda)Chironomus
dilutus (Insecta, Diptera, ‘midge’),Chironomus riparius (Insecta, Diptera,
‘midge’) Lampsilis siliquoidea (Mollusca) and Hexagenia sp (Insecta,
Ephemeroptera) with different feeding habits anolagical niches:

- Chironomus dilutugndC. riparius are insects with a short generation time and
inhabit eutrophic lakes, ponds and strea@hironomuslarvae are sediment
ingesting deposit feeders and construct U-shapetbws, which they irrigate
with oxygenated water (Warren et al.,, 1994). Asoasequence they may be
exposed to sediment, pore water and water in iteoims. Burrow water metal
concentrations in the micro-environment of the darvmay depend on
irrigation/oxygenation rates, oxidation rates oftahesulfides, diffusion rates of
lead, etc. (Warren et al., 1994).

- Tubifex tubifexis an oligochaete with a short generation time @snd deposit
feeder constructing I-shaped burrows which do rrgdte with oxygenated water.
They feed head-down, decomposing organic matenesgmt in the ingested
sediment (organic detritus and its associated race) (Warren et al., 1994;
Pennak, 1989; Pekarsky et al., 1990). By doinghsy tan bring sediment from
deeper layers to the surface, making (metal)-sedfisLisceptible to oxidation at the
surface. Its tail, protruding into overlying waterakes circular movements to
enhance oxygen diffusion to the tail, which is $ite of cutaneous oxygen uptake
(Pekarsky et al., 1990). Like this, tubificids amble to withstand the anoxic
conditions in deeper sediment layers.

- Lumbriculus variegatuss also a burrowing oligochaete with also a short
generation time and are typically sub-surface defpesdersiumbriculusis found
throughout North America and Europe. It prefersllelahabitats at the edges of
ponds, lakes, or marshes where it feeds on decayagetation and
microorganisms. Favorite microhabitats include tayef decomposing leaves,
submerged rotting logs, or sediments at the basamairgent vegetation, such as
cattails. Although less detail is known abdutmbriculus they are assumed to
behave similarly a3 ubifex According to this life-style, these organisms niegy
exposed via the pore water, the overlying wated,\aa sediment ingestion

- Hyalella aztecdas an amphipod (crustacean) with a short generaine and is
typically an epibenthic detritivore that burrowsarthe sediment surfackyalella
azteca andsammarus pulexare bottom dwellers, mainly feeding on algae and
detritus (Warren et al., 1994). It does not ingestiment and does not construct
burrows. Hyalella mainly feeds on periphyton, algasl detritus located at the
sediment-water interface (Stephenson and Turn&3;1®/arren et al., 1994). A
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similar life strategy is observed f@ammarus According to this life-style, these
organisms may be exposed mainly via the overlyiatew although exposure via
resuspended particles (e.g. detritus) may not bliésd.

- Hexageniasp. are insects (mayfly) are deposit feeders timgesud, detritus and
organic matter. Mayflies also filter-feed sestontlas nymph passes overlying
water through their burrows and ingest smaller amewf algae, diatoms,
bacteria and plant debris. According to this lifges these organisms may be
exposed both through sediment ingestion and throughying water.

- Lampsilis siliquoideas a freshvater mussethat inhabits a variety of freshwater
habitats. The juvenile life stage tested burrowssadiment and is exposed to
particle-bound contaminants in sediment and por@waontaminants in
sediment.

Statistical uncertainties around th& percentile estimate, e.g., reflected in the
goodness-of-fit or the size of confidence intearalind the 8 percentile

The log-normal distribution (n= 4) based on RWChwiit bioavailability correction
yielded a HG.so of 94 mg Ni/kg dry wt. The 5-95 % confidence ints were 15 and
172 mg Ni/kg dry wt.

The HG.50 values obtained for the different bioavailabilggenarios range with the
AVS model from 126-281 mg/kg dry wt. A similar rang observed when using the
Fe based with ranges of 143-265 mg/kg dry wt. B % confidence intervals
were typically in the range of 40-500 mg Ni/kg avi;

Evidence of field data

Several field studies exist that examined nickelicity under field conditions
(Costello et al, 2001, Nguyen et al, 2011). Theseies cover mainly streams and a
range of different sediment types, were conductethd different seasons, and were
carried out in different geographical locations r@e and North America) and in
different types of systems (lotic and lentic), witarying water quality and abiotic
parameters. The field studies were conducted ovéma period of two months
(Costello et al, 2011) to nine months (Nguyen eR@l 1) and the colonization of the
deployed spiked sediments were followed over time.

The results of these studies converge in a rangeffe€ts concentrations that are
protective of the toxicity results seen in the latory sediment testing. No evidence
exists to show that field data are more sensitinan tlaboratory-based HC5 values.
To the contrary, these data and similar data farttbe macro-invertebrates and
pelagic communities show that field/mesocosm degdess sensitive than results of
laboratory tests. Results of the most recent fegbbnization study (Costello et al.
2011), which was performed on the same sedimentbea®)SGS study mentioned
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above, indicated a NOEC of 230 mg Ni/kg dry wt. tReamside experiment (Burton
et al. 2009) that was performed on a low bindindjreent resulted in an Bgof 137
mg Ni/kg. The lowest NOEC of an earlier coloniratstudy performed in Europe in
2005 (Nguyen et al. 2011) resulted in a NOEC of @) Ni/kg dry wt. Effects in
this study were observed at 500 mg Ni/kg dry wigydhree spiking levels were used
— 100, 500, and 1,000 mg Ni/kg dry wt).

In the Costello et al. (2011) study, effects onotewization (expressed with macro
invertebrate indices) were measured after 28 anday8. Effects attributable to Ni
exposure were only observed at the 28 day sampknigd. Substantial amounts of
Ni were lost from sediments over the course ofgthaly, and the sediment factors
corresponding to Ni partitioning changed over tbearse of the experiment as well.
However, Ni concentrations at 56 days remained59@,mg Ni/kg in some cases.
Notably, no effects on the composition of the benttommunities were measured at
the Day 56 sampling period. This may indicate geiragy phenomenon or a loss of
weakly bound Ni over time. The consequences of thhservation should be
accounted for in the uncertainty analysis.

Outstanding issues: formation of micro-habitats amitlence of dietary nickel
exposure

1) Formation of micro-habitats

Hexagenianymphs burrow within the top few centimeters ofliseent where they
create microhabitats by actively ventilating theinrows with overlying water. This
may lead to an exposure (dissolved Ni concentratiand abiotic parameters like
DOC) that is different than where measurements weade, e.g., undisturbed pore
water. For species with well-ventilated burrows hwd good exchange with the
overlying water this does not necessarily havestl Ito an increased metal uptake.
However, for other burrowing species that intedasts directly with the overlying
water this may cause an increased exposure.

The issue of the formation of micro-habitats pdgsitesulting in lower AVS
concentrations in the top few centimeters of arsedit is interesting from a scientific
point of view but with regard to a risk assessnmspective the issue may not have
such a major impact. Most benthic communities eesid the thin upper layer of
substrate and if the source of pollution has cedbextop layer may be already
relatively clean (Chapmaret al. 1992). Under these circumstances the benthic
community may actually be less exposed to toxicémdé®m would be predicted by
disruptive field sampling (sampling also the deepmwre contaminated layers) and
subsequent laboratory testing.

Most often the higher sediment nickel concentratiand AVS concentrations in the

deeper sediment layers will still govern the ovenatkel sediment toxicity. More
accurate measurements of the nickel exposurdetaageniasp. including how the
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micro-habitat of this species impact bioavailapiliactors may, however, help to
increase the understanding of the robustness of dbserved bioavailability
relationships. This in particular to the use of tHexagenia AVS model for the
normalization of other benthic species with simiifer strategies.

2) Dietary exposure

Concern has been raised over the possibility tedingent-dwelling organisms are
exposed to and affected by Ni via the diet, and tihe contribution of dietborne Ni
exposure should be evaluated within the contextthef ongoing Conclusion i)
Research Program on the toxicity of sediment-aasetiNi. The specific concern is
that the Ni PNEGeiment Values that are being derived under the Conclusjon
Research Program may not reflect all contributivos dietborne Ni exposure.

A critical review of the literature on dietborneckel exposure and toxicity was
performed by DeForester and Fairbrother (2010)y@nfew studies were found in
the literature for aquatic organisms, and mostheiht studied the effect of diet on
bioaccumulation, which although it provides uséffidrmation on exposure it can not
be necessarily linked to toxicity. This makes iffidult to formulate general

conclusions on the relative importance of dietbolNieexposure on Ni toxicity to

sediment organisms. In general the importance etaidy Ni exposure on toxicity for
aguatic invertebrates varied depending on sitefspddi bioaccumulation potential

into food items.

Natural nickel background concentrations

Natural ambient concentrations of nickel in EU ssehts from pristine areas were
gathered from the FOREGS Geochemical Baseline Mgpprogram. Its main aim is
to provide high quality, multi-purpose environmérgaochemical baseline data for
Europe. Figure 6 shows that Ni-ambient concentnatiNic, aqua regih in freshwater
sediments from uncontaminated first order streamtheé EU varied between 2 and
942 mg/kg dry wt (99 % = 46 mg Ni/kg dry wt; 50% = 18 mg Ni/kg dry wt.).
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Figure 6: Range of Ni-ambient concentrations from pristareas in EU sediments
(aqua regia) (FOREGS database)

Ranges of Ni background concentrations from otbarces are similar (Table 11).

Table 11:Ni-background concentrations in European freshimsgdiments

Country Background value |Reference
(mg Ni/kg dry wt)
Northern Belgium 9 Swennen et al., 1998
(3-15)
Southern Belgium 36
(20-52)
Belgium and Luxembourg 24
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(6-42)
The Netherlands + Germany 29 Salomons (1983)
(River Rhine)
Sweden 10 www. haturvardsverket.se
The Netherlands 29 Van de Meent et al., 1990
(in: Crommentuijn et al., 1997)

5. Derivation of the RWC sediment PNEC (freshwater
sediments)

According to the REACH guidance if the statistieatrapolation technique is used an
AF of 5 is applied unless justification can be give apply a lower AF (between 5-
1).

An AF of 3 was proposed for the earlier conclusni) sediment program, to
recognize the uncertainty with which the Has determined. Main issues included:
o Toxicity from overlying water;
o0 Need to back calculate to a critical sediment cotration
0 Uncertainties regarding the bioavailability normation

Arguments can be made that the current sedimentitypxlatabase is more robust,
and less uncertain:

o New sediment spiking techniques have been devejoped

0 More species have been tested;

o0 The two most sensitive species were crustaceategiperustaceans were a
sensitive group within the aquatic effects asseagmand suggest that
sensitive groups have been included in the database

o More sediments were tested, covering thd' 160 90" percentile of the
distributions of relevant sediment phases like Aard TOC;

o Direct relationships between toxicity and releveediment phases, as opposed
to overlying water

o Quantifiable relationships as been establishedfout of 4 species on which
chronic effects were observed between toxicity aediment phases, which
decrease uncertainty by removing the inter-sedinaanability attributable to
differences in sediment parameters like AVS and iro

o Additional field studies have been performed

o Field exposures using the same spiking techniqeesl un the laboratory
showed an absence of effect after 56 days despéeobservation of Ni
concentrations as high as 4,500 mg Ni/kg

o Additional information on nickel toxicity in thedid was obtained.

Clearly by developing a more robust sediment toyxidatabase and bioavailability
models the uncertainty are less than after conatuthe first conclusion 1) exercise.
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General guidance on how to reflect the residuakrtamty in an appropriate AF is,
however, lacking especially for sediment organisiiBe AF should reflect the
residual uncertainty proportional with the resutstained in the new conclusion 1)
project i.e. the increase of knowledge since TC NES7 and now. Based on the
description of the remaining uncertainty descrilabdve an assessment factor of 1,
1.5 and 2 could be considered, which would yiell fisilowing RWC PNEC values
(Table 12).

Table 12: PNEC values (mg Ni/kg dry wt.) based on AF 1,23,

Scenario Discussed in HCs at Type of PNEC PNEC PNEC PNEC
section 50% fitting model (AF1) | (AF1.5)| (AF2) (AF 3)
RWC no normalization 2.2 94 Lognormal 94 63 47 31
RWC EP Annex A 79-81 Lognormal 79-81 53-54 40-41 26-2
RWC MLE* Annex C 72 MLE 72 48 36 24
RWC Kernel Annex C 120 Kernel 120 80 60 40
RWC AVS normalization 3.34 119 Lognormal 119 79 60 40
RWC Fe normalization 3.34 205 Lognorma 207 138 410 69

! EP = equilibrium partitioning
2 MLE = Maximum likelihood estimation

The nickel sediment effects database is the lad@stbase for sediments that have
been developed for a metal so far. In additionube of new spiking techniques and
the development of bioavailability models strongégluced the uncertainty. Given
the robust database and our increased knowledgenderstanding nickel behavior
and toxicity it could be argued that an Assessriractor of 1 is more appropriate for
Ni., This would result in a PNEC of 72 -205 mg Nj/éry wt. The range 94-126 mg
Ni/kg dry wt obtained with the whole sediment dgg&VC) and normalization to the
AVS which is most likely the most relevant normation factor, would be protective
of the most sensitive geometric gGvalue (i.e 139 mg/kg dry wt.) obtained in the
current study (which was obtained fdr aztecain the reasonable worst case Spring
River and DOW river sediments). This value is dstow all field based NOECs and
ECo values.

It should be noted that the range of PNECs usingfrof 2 is within the range of
natural background concentrations, and is below 368 distribution of Ni in
sediments for several Member States, e.g., Fin(a0B = 41 mg Ni/kg) and the UK
(50P = 35 mg Ni/kg). Implementation of such a RRREC could be used as a first
tier to screen out those case where no bioavathaloibrrection is needed. In those
cases where a risk will be identified a second tieff require the use of a
bioavailability-based tiered approach to avoid d¢osions of risk from sediments
where natural background Ni concentrations aretgraaan the RWC PNEC. The
residual uncertainties include:

- uncertainties of HErelated to the fit of the SSD curve relative to thet that the
basis for that curve only included fitting to 4 a@aioints (even though data on
unbounded values on other species suggest thaitigenspecies have been
included as the basis for the curve fitting andsld€timation)
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- uncertainties of the bioavailability normalizatidor species for which such
normalization has been established. Even for spewsigere normalization has
shown to decrease uncertainty, residual uncertaixist

- uncertainty in relation to the significantly diféerce in normalization between the
insect larvae Hexagenia and the two crusteceanespeaggests that sediment
species may differentially influence bioavailalyilibut it is currently unknown
how big such a difference generally is betweenmsedt species (Furthermore the
actual cause(s) for why nickel bioavailability ohronic nickel exposure is
different for Hexagenia is not known even thougto taypothesis in relation to
this have been put forward)

The main new findings and strengths of the new rdbraickel toxicity database for
sediment organisms include the points mentioned&bo

Based on this an AF of 2 may be argued (cf. taB)e 1

Understanding the residual uncertainties associaféd the Ni database, e.g., the
possibility that dietborne sediment exposure may jal role in the observed toxicity
of some of the test organisms, the relative impaeaof the formation of oxygenated
burrows and the use of 4 species in the SSD, aiti@u factor of 0.5 could
alternatively be considered, i.e., to set the Assest Factor at 1.5.

Using the log-normal HEX50%) of 94-126 mg/kg, this would yield a PNECsadge
of 63-84 mg Ni/kg. This is below the observed latory and field Egs and NOECs
ranges.

6. Conclusions

The Ni conclusion i) work progressed our generalenstanding on how to estimate
chronic Ni toxicity to sediment organisms substhtiand resulted in a more robust
sediment toxicity database containing 8 speciesudittg amphipods Hyalella
azteca Gammarus pseudolimnagusnayflies Hexagenia sp, oligochaetesTubifex
tubifex Lumbriculus variegatys mussels lampsilis siliquoidea and midges
(Chironomus dilutus Chironomus riparius However, four insensitive species
resulted in censored data (> NOEC or;E@lues) and hence the species sensitivity
distribution could only be constructed using thieeotfour non censored data points.
This yielded a HEsp of 94 mg Ni/ kg dry wt. The benefits of increasithng number
of data points using alternative approaches sudchea&P method and Kernell/ MLE
do not seem to outweigh the substantial increasengertainty by applying these
methods. Hence the preference is be given to teaeotithe whole sediment toxicity
data base even though only 4 bounded data pom@vailable.

Bioavailability relationships were obtained betwdbree nickel sensitive sediment

species and the sediment parameters AVS and FeewWowdue to co-variance none
of the considered sediment parameters could béesirayit as being the predominant
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parameter. Normalizations toward the different sestit parameters reduced the inter
sediment variability in a significant way (up to %@ reduction) for the amphipod
species. However, the bioavailability relationshige less outspoken for the mayfly
Hexagenia lt is not clear what contributed to this obseimat One hypothesis could
be the specific life stage of the mayflies formibgrrows that they ventilate with
overlying water creating a micro-habitat which lhess resemblance with the overall
sediment environment that other species see. Anpibgsible explanation is dietary
exposure. Sincklexagen is one of the more sensitive species of theibligion the
final effect on the HEso of normalising the SSD towards the conditions pilew in
the different sediments (representing the 18-86rcentile of conditions encountered
in the EU) is rather limited (factor 1.6-2.2). Th#Cs50 values obtained for the
different bioavailability scenarios range with th€S model from 126-281 mg/kg dry
wt. A similar range is observed when using Fe basedels with ranges of 143-265
mg/kg dry wt

The final decision on an assessment factor fordsi ot been made, but a discussion
of the arguments for considering AFs of 3, 2, 18 & is being presented.
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ANNEX A: Derivation of HCs59 sediment using the statistical
extrapolation method: whole sediment toxicity data set
expanded with L. siliquoidea data point.

For the fatmucket clarh . siliquoideathe technical conclusion i) review group asked
for specific clarification in relation to the calation of the effects concentrations.
More specifically there was a 6.6 % growth reductt{expressed as mean length)
observed at the highest concentration (762 mg/kgndr in Spring River sediment),
which could be potentially extrapolated to amg@lue contingent on the assessment
and confirmation from the experts of the USGS labmy who executed the test.
According to their evaluation no dose-response otserved and a 3.7 % increase in
biomass was even observed at the highest test miaten. Furthermore the
observed difference was not statistically signiiicgp = 0.30) and USGS could not
support extrapolating to an EfLvalue based in a single non-significant value.
Following these arguments thie. siliguoidea value is still considered as un
unbounded NOEC value.

In order to evaluate the importance of addinglthsiliquoideapoint on the Hgsg

value a lognormal function was fitted through tbarfbounded data points and the
siligoideapoint (which showed 6 % effect but was deemedstatistical significant)
(Table Al).

Table Al: Species EG-NOEC values (total recoverable Ni, mg Ni/kg dry)wbr
the most sensitive endpoint for all sediment dwglibrganisms used in the SSD

Organism Most sensitive Geometric mean EGyYNOEC
endpoint (mg total Ni/kg dry wt)

Hyalella azteca Biomass 149.1

Gammarus pseudolimnaeus Biomass 228

Hexagenia species Biomass 236.7

Lumbriculus variegatus Abundance 554

Lampsilis siliquoidea Growth 762*

" a non significant effect on growth (6%) was obserice the L. siliquoidea data and is here used as a
substitute for a real NOEC value
bold data: used for the HG, calculation

Figure Al presents the lognormal distribution whids accepted at P < 0.05.
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Figure Al: The cumulative frequency distributions of the NGOEG,, values (n=5)
(expressed as mg Ni/kg dry wt.) from the Ni chraioixicity tests towards
sediment-dwelling organisms — observed data anehdomal curve for
the dataset fitted on the data. The unbounded NQ&We for L.
siliquoideawas added as a surrogate NOEC

A summary of the estimated HG value (with the 90% confidence bounds) for the
log-normal function (calculated with ETX) is proeid in Table A2.

Table A2: Calculated HEgs value (mg Ni/kg dry wt.) (with the 5-95% confidenc
limits)

HCs.50at 50% (& 5-95% confidence limits) Type of best fitting model Parameters
expressed as mg Ni/kg dry wt.
95.8 (19-184) (n =5) Log-normal model (ETX) (26B.295)
Conclusion:

Adding the addition test specied.. siliquoidea data point has no influence on the
HCs.50 value = 95.8 mg Ni/kg dry wt. (n = 5) vs 94 mg Nig dry wt. (n = 4)
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ANNEX B: Derivation of HCs 5o sediment using the statistical
extrapolation method: whole sediment toxicity data
(excluding unbounded values) and unbounded values
substituted by the Equilibrium partitioning (EP) method

In order to increase the overall number of datafgoused in the SSD the possibility
of replacing the unbounded values with the resefltwater only ecotoxicity data for
these species, translated to whole sediment camatiems using the Equilibrium
Partitioning Approach for a RWC sediment is expioire detail here below.

B.1 Trandlating water only data with whole sediment toxicity data

In parallel with the whole sediment toxicity testgter only toxicity tests were also
conducted with all species. Table B1 presentsBERg, values of this exercise.

Table B1: Species EG-NOEC values (total Ni) for the most sensitive emdp for
all sediment dwelling organisms-water only exposure

Organism Most sensitive Species EGyNOEC
endpoint (ug total Ni/L)
Hyalella azteca Biomass 6.5
Gammarus Biomass 56
pseudolimnaeus
Hexagenia species Growth 53
Lumbriculus variegatus > 494 (unbounded LOEC)
Chironomus dilutus Emergence 204
Chironomus riparius Emergence 893
Lampsilis siliquoidea Biomass 32
Tubifex tubifex > 494 (unbounded LOEC)
Caenorhabditis elegans Larval production 349

According to ECHA, the results of whole sedimesetsts are preferred since both the
dietary and agueous routes exposure pathways amrerbin these experimental
designs. However, the results of the equilibriuntipaning approach can be used to
estimate sediment effect concentrations (expressedg/kg dry wt.) from aquatic
effects data (expressed in pg/L) using a partitigncodficient to replacethe
unbounded values in the whole sediment toxicitystése; L. siliquoidea C. dilutus,

C. riparius and T. tubifey with the results of water only ecotoxicity datar these
species.

In order to transform the water only toxicity datavards whole sediment toxicity
data the following equation is used:
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EC,o sediment EP (mg Ni/kg dry wt.) = Ewater only (ug/L) X Kd (L/kg) x 10

Both Spring River and Dow Creek are representativeow binding sediment and
have Kd values of 3,643 L/kg and 3,603 L/Kg, resipety. Since most of the species
in the RWC SSD have been derived using Spring Reeeiment the value of 3,643
L/kg has been used for the calculations. This Kegents a geomean of the five Ni
treatments and one control. The Kd in the contra$ 8,668 L/kg and 3,680 L/kg in
the highest Ni spike demonstrating that the Kd does need to be modified to
account for saturation effects at high Ni concerns as observed in the Kd values
of West Bearskin sediment.

Table B2 summarises the outcome of this exercis&abe both bounded sediment
and EP values are available the “true” sedimeniesshave been chosen.

Table B2: Calculated Eg values using the EP approach and a RWC Kd of 3,643
L/kg.

Water EP Whole sediment test
only approach
Organism Most sensitive Species (Species | (Species EGY/NOEC
endpoint ECyo ECyo (mg/kg dry wt.)
(nglL) (mg/kg
dry wt.)

Hyalella azteca Biomass 6.5 23.6 149.1
Gammarus Biomass 56 204 228
pseudolimnaeus
Hexagenia species Growth 53 193 236.7 (biomass)
Lumbriculus variegatus| Abundance / / 554
Chironomus dilutus Emergence 204 743 > 762
Chironomus riparius Emergence 893 3,253 > 762
Lampsilis siliquoidea | Biomass 32 116.6 > 762
Caenorhabditis elegang Larval production 394 1,435 /
Bold values are used for the SSD
/ failed

From the comparison between the toxicity data akthwith the EP approach and the
whole sediment toxicity data it is clear that th® Bpproach (using the same
endpoints) creates a situation in which the EP atimad sediment toxicity data
yields lower toxicity values foH. aztecaandL. siliquoidea Specifically, the EG
value forH. aztecafrom the EP approach is 3.5 times lower than tBgy,Eom an
actual sediment toxicity test fad. azteca Furthermore, the EE value for L.
siliquoideathat was estimated by EP is even 6.5 times loWwan tthe highest test
concentration from actual sediment toxicity tesésfgrmed with this species. The
actual sediment toxicity test data demonstrate that“real” EG, value should be
certainly greater than the EP estimate of 116.6kghdfy wt. because the NOEC is
>762 mg/kg dry wit.
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In the whole sediment toxicity test with siliquoideaonly a slight length decrease
was observed (6 %) in the highest test concentrdtist data were insufficient to
derive a meaningful Efg value. There is no clear explanation of the daney in
sensitivity between the whole sediment test resuftd the water only test results.
Both tests were performed on the same life stageenjle organisms about two
months old. One possibility is that the animalseree additional stress from being
exposed without sediments for 28 days.

In water only tests with. siliquoideaandH. aztecaon sulphate toxicity the latter was
3 times more sensitive than the bivalve (Souceklepresentation). Other studies
confirm thatH. aztecais an intrinsically sensitive organism (Phippsakt 1995),
which again does not support that siligoidea would be more sensitive tha.
azteca Similar results were obtained in as study evalgathe sensitivity of mussel
glochidia and juveniles. The results suggestedrhagsel glochidia and juveniles are
less sensitive to chlorpyrifos (48h ECfor L. siligoideais 0.43 mg/L) than the
amphipodH. azteca48h LG for H. aztecas 0.1 mg/L) (Bringolf et al, 2007).

The uncertainty that is produced from adding thepgarently invalid data is
extensive and it was decided to reject this datatgoom the database. If the only
merit that is obtained from adding these data #0SBD is to increase the size of the
database, it does not seem to counteract the serraincertainty.

For G. pseudolimnaeusind Hexageniasp. toxicity values derived with EP are
comparable. The results wit@. riparius and C. dilutus are in the line of the
expectations and can be used for the SSD. Thaforswater-only exposures,
chironomids are relatively insensitive when comgamgith crustaceans. This
consistency supports the use of the chironomid idatae SSD.

None of the whole sediment tests with the nemat®deleganggave adult survival
data which were above the test acceptability ¢oitef90%). However, the water only
tests were valid where the larval production emalpeas the most sensitive endpoint
with an EGp value of 394 pg/L which equals a whole sedimeniceatration of
1,435 mg Ni/kg dry wt.

In any case it should be noted that for all testeecies the conditions in the water
only tests do not resemble the conditions that tgpgcally seen in pore water.
Although DOC concentrations were not measured duhie Ni water-only tests, they
were probably <1 mg/L based on data from other m@iéy tests with fish and
invertebrates that used essentially the same tat&rvas the nickel water-only tests.
Thus, they were substantially lower than PW-DOC suezd in sediments from the
Spring River (11-43 mg/L in Task 1; 3-32 mg/L inska2) or other Ni-spiked
sedimentsThe same is true for hardness in pore water cordpar¢hat of the test
media used in water-only tests. For pore watéhénSR sediments, hardness ranged
from 330 to > 1,000 mg CaG@, which is well above the hardness of 100 mg
CaCQJ/L that was used in water-only tests.
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Replacing the unbounded whole sediment toxicityeslifor both chironomid species
and the nematode species with toxicity values abthiwith the EP approach extends
the number of species in the SSD to 7. The valsed in the hybrid SSD are marked
in bold in Table B2. Figure Bl presents the logmar function that was fitted
through the 6 data points and which was accepted<a.05.
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Figure B1l: The cumulative frequency distributions of the ;E@alues (n = 7)
(expressed as mg Ni/kg dry wt.) from the Ni chraioixicity tests towards
sediment-dwelling organisms — observed data anéhdwmal curve for
the dataset fitted on the data. Unbounded NOECegalere substituted
by the EP method.

A summary of the estimated HCs.50 value (with the 5-95% confidence limits) for
the log-normal function (calculated with ETX) is provided in Table B3.

Table B3: Calculated Hgso value (mg Ni/kg dry wt.) (with the 5-95% confidenc

limits)
HCs.50 at 50% (& 5-95% confidence limits) Type of best fitting model Parameters
expressed as mg Ni/kg dry wt.
81 (13-199) (n =7) Log-normal model (ETX) (2.7448)
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Although the number of species in the SSD incre&sed four to seven the addition
of three insensitive species i.e, 743, 1,435 ag83mg/kg dry wt results in a lower
HCs50 than the HGso derived with the whole sediment test results owlyich
yielded a HGs5o of 94 mg/kg dry wt (n= 4 species). Although mopedes are
retained in the SSD the 95 % CL (13-199) were moalker than the 95 % CL
observed with the whole sediment test results (@%:1The advantage of having
more data points is counter balanced by the inergagariability.

The lower HG 5o obtained with the EP approach can be explainethbyinherent
assumption of proportionality embedded in the logamal model, i.e. that there are
species that are proportionally as sensitive asngensitive species. The assumption
that EGo values are proportionately distributed is not supgad by the whole
sediment toxicity data where the effect data of there sensitive species (i.e.
Hyalella, Gammarusand Hexageniaare close together (i.e. Efvalues that range
from 149-237 mg/kg dry wt). This point is furthempported by the fact that the
organisms sensitive to sediment exposure (amphjpeei® shown in water only tests
to be also in the sensitive part of the water ah$gribution indicating thaH. azteca
is indeed an intrinsically sensitive organism. @thaurces of information support this
observation. For example, Phipps et al. (1995) gllothatH. aztecavas consistently
among the most sensitive organisms to metals. T{peotation that there are
organisms with even greater sensitivity is quesid® especially given the
background concentrations of Ni in sediments ithanrange of 9-36 mg/kg dry wt.,
and that Ni concentrations in non-spiked test sedisireached 51 mg Ni/kg (West
Bearskin Lake). Accepting the assumption that #esgivities of benthic organisms
are proportionally distributed according to the-fegmal model would mean that
there are groups of organisms that are substantiare sensitive thaH. aztecaand
that effects to these organisms could occur atoNcentrations that occur naturally in
typical freshwater sediments. Based on the data this and other studield, azteca
is representative of very sensitive benthic spe@ed that the SSD analysis should
reflect this.

B.2 Effect of adding Clistoronia data

The water only data obtained in the current reseproject could possibly extended
with other benthic species retained in the aqua8Db for Ni. For example the data for
the caddisflyClistoronia magnificapresent in the aquatic nickel SSD could be a
candidate to be included. However, caddisflies oae strictly considered benthic
species. They typically form cases from small pseoé wood or mineral particles
(e.g., gravel) and attach the cases to hard stdstilhis behaviour may separate the
organism from direct exposure to porewater sedinpdaises. However, again they
may ingest suspended particles, which may incledersents.

The entry in the aquatic SSD for this species hagtr only NOEC of 66 ug/L
which yields a EP value of 240 mg/kg dry wt usihg tSpring river sediment Kd
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value of 3,643 L/kg. Replacing the unbounded wraddiment toxicity values for

both chironomid species with toxicity values obg&inwith the EP approach and
adding theC. magnificadata extends the number of species in the SSDOgtd. e

Figure B2 presents the lognormal function that fitsed through the eight data points
and which was accepted at P < 0.05.
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Figure B2: The cumulative frequency distributions of the ;E@alues (n = 8)
(expressed as mg Ni/kg dry wt.) from the Ni chraioixicity tests towards
sediment-dwelling organisms — observed data anehdomal curve for
the dataset fitted on the data. Unbounded NOECesgalar chironomids
were substituted by the EP method. An addition&h g@int Clistoronia
magnificg has also been added using the EP method.

A summary of the estimated HCs value (with the 5-95 % confidence limits) for
the log-normal function (calculated with ETX) is provided in Table B4.

Table B4: Calculated Hgso value (mg Ni/kg dry wt.) (with the 5-95% confidenc

limits)
HCs.50at 50% (& 5-95 % CL% confidence Type of best fitting model Parameters
bounds) expressed as mg Ni/kg dry wt.
79 (17-11792) (n =8) Log-normal model (ETX) (20746)

Adding this species to the SSD vyields ansiH¢bf 79 mg/kg dry wt.
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B3 Pros and cons of applying the EP approach for metals

The relevance of the use of the EP approach foalsiated to be carefully evaluated
together with the potential benefits of using tladade.g., adding additional species to
the SSD, weight of evidence), which needs to beghesd against possible
uncertainties introduced by this approach. The g#taach was originally developed
for non ionic organic compounds where it was shtvat in absence of real sediment
toxicity data the method could be used to predéclirment toxicity data from water
only exposures taking into account the partitionbehavior of the compound and
assuming that the pore water is the primary rofiexposure. Since sediment toxicity
data for some metals are also still lacking thisapBroach has also been applied to
metals. However, validation studies of this condepietals are scarce. Van Beelen
et al (2003) studied the validity of the EP-metHod both organic compounds as
metals to predict soil toxicity values. The ressht®wed that the EP-method can give
significant over-or underestimations, due to inagturpartitioning coicients or
differences in species sensitivities (aquatic versussteial species). The HGo
values derived using the EP-method were in 5% efdases more than 20 times
higher than the corresponding k4 values that were derived directly from soll
toxicity tests (Van Beelen et al 2003).

In general the following factors may contribute vbe¢n a deviation between EP
values and “true” sediment toxicity values:

1. Differences between used species sensitivity distribaris in water and
sediments:is not the case here since the SSD of water aatly anly consists of the
same benthic species except for the caddi€ fljnagnifica

2. Differences in exposure conditions during the toxicityests in water and
sediments:from a scientific point of view, which is also supted by the guidance
provided by ECHA, results of whole sediments tesmts preferred since both the
dietary and agueous routes exposure pathways amrecbin these experimental
designs. In the EgP approach only the pore waigeris considered as the primary
route of exposure. Furthermore differences in D@@ laardness between water only
experiments and pore water may have a large infli&ere. This is illustrated by the
pore water data from the USGS study, where porem@®DC in SR sediments ranged
from 3 to 32 mg DOCI/L, and hardness ranged from 838 1,000 mg CaC#L.
These values are substantially higher than the ameded in water-only tests,
suggesting that bioavailability of Ni in pore-wateill be much, much lower than in
water only tests. Predictions of Ni toxicity indement phases will most likely be
overestimated when using the EP approach.

3. Selection of the Kp value for the metal of conce: has been minimized here
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since the Kd values of the Spring river are beiegdu But in general the use of the
EqP approach for metals is hampered by the largabitity in Kd values. The Dutch
Health Council stated that the EP-method was ouited for organic, apolar and not
for very hydrophobic substances and not for méggdzondheidsraad, 1995) since the
variation in dfferent partition cdécients for a single metal is large introducing quit
some uncertainty to the system. Because of this wadiability, the use of Kp values
for the purpose of equilibrium partitioning was metcommended for the derivation of
ecotoxicological risk limits for metals in sedimékerbruggen et al., 2001).

Taken all factors in consideration the SSD basetherwhole sediment toxicity tests
only, without substitution, gives the most reatisHCs estimate (i.e. 94 mg/kg dry
wt.). Although the EP approach has the benefinofd@asing the number of species in
the SSD, the approach also adds substantial uirdgrteurthermore the introduction
of the two insensitive data points shifts the S8Wards lower Hgso values that are
not supported by the whole sediment data set (baseal RWC sediment type with
very low binding capacity). In addition using EPtalaexcludes the use of a
bioavailability normalization model unless one i#ling to accept a great number of
assumptions. The above general formulated critisiare still present today and raise
guestions about the validity of the EP approachfetals.

Conclusion:

Applying the EP method to metals, is not deemed thmost scientific way forward

and introduces considerable uncertainty. There waa general agreement in the
technical conclusion i) review group that the resus of this exercise was useful in
terms of context but should not be used as such ithe SSD given the high
uncertainty surrounding the EP calculated values. ldwever, overall the EP-
derived HCs values are supportive of the HG value derived based solely on
whole sediment contact data.
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ANNEX C: Derivation of HCs5o sediment using the statistical
extrapolation method: whole sediment toxicity data
(including unbounded/censored values)

In order to preserve the fact that some speciesalidespond at a specific measured
total recoverable Ni concentrations the database also analyzed using different

methods for distribution fitting with censored dakéfty percent of the Ni sediment

ecotoxicity data are right-censored data (‘gretttans’) or unbounded data. This
complicates SSD fitting and HGp derivation. In the current section some of the
methods to circumvent the issues of censored datexplored.

C.1 Statistical methods for distribution fitting with censored data

Aldenberg (2011) referred to statistical literat(ifelsel, 2005) specifically dedicated
to the issue of dealing with censored data. Moeifipally a maximum likelihood
method was proposed in order to fit a normal distion to log-transformed data of
which a portion of the data is censored. This methields a HG5o of 71.6 mg/kg
dry wt (95 % CL = 2.7-171.7 mg/kg dry wt) (Table)C1

However, there are also variations to the used maxi likelihood method (such as
more robust versions) and there are also otheradstyiven in statistical literature to
deal with censored data such as log-probit regressiethods, substitution methods,
several non-parametric quantile methods (such apladaMeier method). In
literature, several attempts are made to compdré¢hase methods for analyzing
censored data: non-exhaustive examples: Hewett 8s6&a2007; Serasinghe, 2010;
Kuttatharmmakul et al., 2001. These studies ingat statistical inference for
varying standard deviation, varying sample sizeying degree of censoring, varying
underlying distribution types, etc... Typically, ncngle method is unequivocally
superior across all scenarios, although all ofrtteghods may excel in one or more
scenarios. For example, Helsel and Lee (2006) wootdecommend MLE in case of
small sample sizes.

C.2 Use of accepted methods for distribution fitting and extension to
censored data

Alternatively, one may rely on existing and alreadyepted methods for SSD fitting
with an extension for the censored data issue.hén Ni dossier, kernel density
estimation was already proposed as a sophistica&l fitting method to deal with

the marine aquatic toxicity data. The “flexiblertkel density estimation” (Aldenberg,
2007) is a semi-parametric approach that attemptditt a distribution to all

empirically derived data (censored and non-cengofiéw underlying assumption is a
log-normal distribution between the curve and theshinfluential points. The semi-
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parametric nature of the approach means that clSSioodness-of-Fit tests are not
relevant for evaluating the distribution.

Kernel width in Gaussian kernel is sometimes cakednel bandwidth or kernel
window. Wider kernel bandwidth will span to largkymain. One can imagine kernel
width as the width of a window center at the datanppand give weighing value to
any points located in the window. These weights el used as local average for all
points within that window. Consequently, the kertehsity estimation method allows
to include all ecotoxicity data (censored and nensored) in one single SSD fit
without having the right-censored data at the higéed influencing too much the
HCs estimation at the lower end. This is the strergjthernel density estimation. A
proposal could be to estimate the optimal bandwidtbed on the non-censored data
and conduct the kernel fitting on all data (cendard non-censored). Applying this
approach to the Ni sediment data (141 dztecd 228 [G. pseudolimnaelis236.7
[Hexageniasp.], 554 L. variegatu§ >762, >762, >762, >76ZX]. dilutis, C. riparius,
L. siliquoidea,andT. tubife}) gives a bandwidth of 0.17 (normal adaptive baiclthv
based on non-censored data only). The kerneldittin all data with right-censored
replaced by their lower limit (149.1, 228, 236.545762, 762, 762, 762) gives an
HCs.50 estimation of 120 mg/kg dry wt (Figure C1). Thered fitting on all data with
right-censored data replaced by arbitrary chosgh kialues (i.e. 760; 1,000; 5,000
and 10,000) gives the same &g estimation of 120 mg/kg dry wt. (Figure C2). This
demonstrates that the H¢p estimation is a robust estimate and does not tegizen
when additional insensitive values are added tsfeeies sensitivity distribution due
to the estimation the optimal bandwidth based emitn-censored data.
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Figure C1: The cumulative frequency distributions of the NOkE@lues (n = 8)
(expressed as mg Ni/kg dry wt.) from the Ni chrotogicity tests —
observed data and kernel curve for the datasetifah the data.
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Figure C2: The cumulative frequency distributions of the NOkE@lues (n = 8)
(expressed as mg Ni/kg dry wt.) from the Ni chrotugicity tests — right
censored data replaced by high values. Observedatak kernel curve for
the dataset fitted on the data.

A summary of the estimated Hg value for the Kernel distribution and Maximum
Likelihood method (calculated by Aldenberg) is pd®d in Table C1.

Table C1: Calculated HEso value (mg Ni/kg dry wt.) (with the 5-95% confidenc

limits)
HCs.50 at 50% ) expressed as mg Ni/kg dry wit. Type of beftting model Parameters
120 (n=8) Kernel distribution
71.6 (n=18) Maximum Likelihood method

Conclusion:

Attempts to take the censored data into account usg the kernel distribution
gives a higher HG.50 (120 mg Ni/kg dry wt.). Using the maximum likelihoad
method results in a lower HG.50 (71.6 mg Ni/kg dry wt.) Typically, no single
method is unequivocally superior across all scenars, although all of the
methods may excel in one or more scenarios. For arale, Helsel and Lee (2006)
would not recommend MLE in case of small sample s&. Overall, a selection of
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a method for SSD fitting with censored data purposewould require a thorough
review of the existing methods or at least a reviewf the comparison papers.
This may feed further discussions between expertnd non-experts on the best
approach.
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ANNEX D: Sensitivity analysis- read across bioavailability
models for normalization of the L. variegatus data point.

The development of a bioavailability model for tigyochaete.. variegatuswas not
within the scope of this project. However, sinceréhis a valid effect concentration
for this species in the SSD different options aqgl@ed to see if this data point could
still be normalized using read across towards ta\milability models developed for
other species. The individual non-normalizedif&Calue forL. variegatusis 554
mg/kg dry wt and was compiled for this speciesask 2 for the Spring River.

The choice of the most appropriate bioavailabititpdel to apply td.. variegatus
should not be based on the fact if the model gihesmost conservative individual
value or not. As can be seen in Table D1 dependmghe reference conditions
towards one is normalizing a different model cogigte the most precautionary
outcome (Table D1). Specifically, the smallest slophould be used when
normalizing to higher reference conditions andhighest slope when normalizing to
lower reference conditions in order to obtain tbedst values. However, using the
most conservative slope (and hence obtain the bluegariegatusvalue) does not
imply that the most stringent HGwill be derived. By using the lognormal model
shifting the L.variegatusvalue for example to a higher value would increts
overall steepness of the SSD and would render arléis.

Table D1: Sensitivity analyses slope selection in normagjzineL. variegatusdata
of 554 mg/kg dry wt.

Parameter Initial test Model Slope | Normalisation to | Normalization
conditions lower value to higher value
(RWC or (STM sediment)
hypothetical
value)

AVS 1.1 pmol/g dry wt 0.8 24.7

Hexagenia | 0.175 521 955

Hyalella 0.492 465 2,561

Gammarus | 0.557 459 2,880

Fe 7,753 mg/kg dry 5,000 26,400
Wwt.
Hexagenia | 0.418 461 925
Hyalella 0.854 381 1,577

The choice for the most appropriate bioavailabiltpdel to be applied on the
variegatusdata point, as explained in section 3.3.4 of tlanmeport should instead
be based on the closer similarity between the Bbtgle and behavior of
tubificid/oligochaete worm and U-shaped tube busdéke Hexagenia as compared
with intermittent sediment browsers like amphipodsich do not form burrows.
Therefore the Hexagenia model has been selectedrioalize the_umbriculusdata.
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As a kind of sensitivity analysis Figures D1-2 e@nt the lognormal function that
was fitted through the four bounded data pointswahidh was accepted at P < 0.05.
Figure D1 represents the SSD where the Hexagenielmzas used to normalize the

L. variegatusdata point. For Figure D2 th& aztecamodel was used.
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Figure D1: The cumulative frequency distributions of the ;E@alues (n= 4)
(expressed as mg Ni/kg dry wt.) from the Ni chraioixicity tests towards
sediment-dwelling organisms — observed data anéhdwmal curve for
the dataset fitted on the data normalized to aeate conditions of 0.77
pmol AVS/g dry wt. Unbounded NOEC values were edetl L.
variegatusdata point was normalized using tHexageniabioavailability

model

A summary of the estimated Hg value (with the 90% confidence bounds) for the

log-normal function (calculated with ETX) is proed in Table D2.

Table D2: Calculated HEso value (mg Ni/kg dry wt.) (with the 5-95% confidenc

limits) Unbounded NOEC values excluded.

HCs.50 at 50% (& 5-95% confidence limits) Type of best fitting model Parameters
expressed as mg Ni/kg dry wt.
119 (13.8-230) (n = 4) Log-normal model (ETX) (20181)
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Figure D2: The cumulative frequency distributions of the ;E@alues (n= 4)
(expressed as mg Ni/kg dry wt.) from the Ni chraioixicity tests towards
sediment-dwelling organisms — observed data anehdomal curve for
the dataset fitted on the data normalized to aeafe conditions of 0.77
pmol/g dry wt. Unbounded NOEC values were excludedvariegatus
data point was normalized using tHeAztecabioavailability model

A summary of the estimated HG value (with the 90% confidence bounds) for the
log-normal function (calculated with ETX) is proeid in Table D3.

Table D3: Calculated Hgs value (mg Ni/kg dry wt.) (with the 5-95% confidenc
limits). Unbounded NOEC values excluded.

HCs.50at 50% (& 5-95% confidence limits) Type of best fitting model Parameters
expressed as mg Ni/kg dry wt.
126 (29.6-202) (n = 4) Log-normal model (ETX) (22189)

Similar normalizations towards higher AVS referermmnditions were performed
together with normalizations for the sediment panFe. For comparative reasons
the HG.5o was also calculated using the non-normalized dabat for L.variegatus.
The results are presented in Table D4.
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Table D4: Summary table calculated H& values (mg Ni/kg dry wt.) (with the 5-
95% confidence limits) derived using different biagability models.

HCs.50 at 50% (& 5-95% confidence limits) expressed as mbyi/kg dry

wit.
AVS (mmol/g dry wt.) | Non-normalized Hexagenia model H. azteca model
0.77 115 119 126
24.7 238 281 229
Fe
12,920 210 207 197
26,400 250 280 252

From the analysis above it is clear that the choicthe bioavailability model does
not influence the HEs5o to a large extent when thie. variegatusdata point is
normalized toward RWC conditions. The range is 126-mg Ni/kg dry wt. for AVS
normalization (non-normalized = 115) and 197-207 ke normalization (non-
normalized = 210). Normalizing towards conditionsthwhigher AVS and Fe
concentrations results in slightly broader rand9-281 (non-normalized = 238) for
AVS and 252-280 (non-normalized = 250).

Conclusion:

The choice of bioavailability model to normalize tle L. variegatus data point only
has a marginal influence on the derived Hgso value. Based on similarity of life
style the choice has been made to use the Hexagemadel to normalize thel.

variegatus data.
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