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Abstract

Most of the public literature and available guidamlocuments on the conduct of
freshwater whole-sediment toxicity identificatiomdaevaluations (TIES) detail the use of
test organisms and amending agents that are readiliable in North America. These
commonly used test organisms and the supporteddingeagents, however, are not
available and largely inappropriate (i.e., notvespecies) for conducting whole-
sediment TIEs outside of North America. The ovesljective of the present study was
to build foundational methods for performing frestter whole-sediment TIEs in
Australia. We examined the capability of 3 amendiggnts: ANZ38 Zeolite (for
ammonia; Castle Mountain Zeolites), Oxpure 325Be@ivaated Carbon (for nonpolar
organics; Oxbow Activated Carbon), and Lewatit MBhws TP 207 (for cationic metals;
Lanxess Deutschland) on 2 Australian native fresémgpecies: the middehironomus
tepperi and the amphipoAustrochiltonia subtenuis. To evaluate the effectiveness of
each amendment, bioassays were conducted withdspddtments of ammonia,
permethrin (as part of a commercial formulatiomyd aopper using acute median lethal
concentrations (LC50s) for both species and gromgdian effect concentration (EC50)
of midges as the endpoints of interest.
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INTRODUCTION



Toxicity identification and evaluations (TIEs) areeful tools in characterizing
the responsible contaminant in a toxic medium, @splg in scenarios of complex
mixtures. In general, TIEs use direct manipulatioha contaminated medium to either
increase or decrease toxicity of a certain contantinor contaminant class when
evaluated through the use of a bioassay. Theseyebam toxicity elucidate which
contaminant class is contributing to the toxicitylee medium. In 2007, the United States
Environmental Protection Agency (USEPA) issued goak documents on appropriate
techniques to conduct TIEs on whole sediment [thgE USEPA guidance documents
provided a variety of ways to characterize toxicityarious classes of contaminants in
sediments. Not surprisingly, most of the materfateending agents) and test species
used in the bioassays are oriented around the dUSitges. Amending agents including
Clinoptilolite (ammonia amendment; Aquatic Eco-8yss), Carbon-G coconut charcoal
(organics amendment; Calgon Carbon), and SIR-3@@alsmamendment; ResinTech) are
not readily available in Australia. Similarly, mastthe research in the USEPA guidance
documents, as well as in the published literatoas,been conducted with standard test
species that are native to the United States, asiChironomus dilutus andHyalella
azteca [1]. These test organisms are not native to Auateald importing them for risk
assessments would be inappropriate because it poslkel a risk of accidental
introduction of nonnative species.

Because much of the current sediment TIE researibhsed on nonnative species
and largely unavailable amending agents in Austréiie use of sediment TIES in
Australia has been quite limited. To date, mostiphbd TIE studies in Australia have

focused on overlying water, effluents, or porewf2e#]. Kellar et al. [5] used a



sediment TIE as part of a weight-of-evidence apgnaa the assessment of sediments in
Upper Dandenong Creek (an urban waterway near Meatied with variable success.
Kellar et al. [5] performed the TIE using amendnseéndm the United States and
assessed survival, growth (via length), and emergefChironomus tepperi. Although

the test was able to characterize toxicity in delbsites, some of the amended sediments
in the TIE bioassays showed high variability (udimg emergence endpoint) and in some
cases provided inconclusive results on the sourtexwity (reference sites appeared to
be impacted by nonpolar organics and metals althooge were found via chemistry
analysis). Because this was one of the first studi@ise this specie€.(tepperi) and the
first to use sediment TIE techniques in Austrdh&, associated variability is
understandable. Regardless, sediment TIE methatie istudy by Kellar et al. [5] were
able to isolate the cause of contamination for ssites in the study; however, more
refinements to the methods may have been abletteefustrengthen these results.

One of the major benefits claimed for the TIE teghe is that it is an effective
and cost-efficient tool for determining the causeoaicity [1]. Unfortunately, that is not
currently the case for the use of sediment TIEAustralia because the baseline
procedures have yet to be developed in this couhb® objective of the present study
was to make the use of whole-sediment TIE techsidoreuse in Australia more
practical and effective. The specific goals of pnesent study were to: 1) identify TIE
amending agents that are both readily availabkustralia and could successfully
characterize toxicity of ammonia, nonpolar organésxl cationic metals in whole

sediments; and 2) develop TIE methods using 2 edteshwater specie€ (tepperi and



Austrochiltonia subtenuis) that could be used to assess the acute (via imgrta
sublethal risk (via growth df. tepperi) of impacted freshwater sediments.
MATERIALSAND METHODS
Chemicals

A single contaminant for each of 3 contaminantsgagnonpolar organics,
ammonia, and cationic metals) was evaluated aop#re present study: permethrin,
ammonia, and copper. The formulated and commey@ahilable pesticide Brunnings
Ant, Spider & Cockroach Killer, which contained pwthrin as the active ingredient
(concentration of 100 g/L; 25:75), was used age¢lenonpolar organic. Using this
formulation produced a contaminated sediment tiezat mvore environmentally realistic
than using neat chemicals (because other condtitaea present in insecticide
formulations) and avoided the needed for carribresits. Reagent grade copper (Cucl
2H,0; APS Ajax Finechem) and reagent grade ammoniuify@ Chem-Supply Pty)
represented the metals and ammonia classes of comiparespectively.
TIE amendments and preparation

Zeolite has been successfully used to prefereptiaid ammonia [6-9], and it
was expected that the zeolite produced in Austvatiald be no different. The zeolite
amendment ANZ38 is mined, produced, and manufadtardustralia (Castle Mountain
Zeolites). The ANZ38 zeolite product comes as a (%76 um) powder from the
manufacturer and required little manipulation. Zieolvas rinsed with deionized water
and allowed to rest overnight before being decab&fdre use, resulting in a thick paste
that could be added to test sediments. An amendirgof 20% (via wet wt) was used in

TIE bioassays, based on published literature wiittlar zeolite products [1,7].



Powdered coconut charcoal or a carbonaceous egin the Ambersorb Resins),
which are suggested by the USEPA [1], could nadmaly acquired in Australia.
Although not manufactured in Australia, Oxpure 3Z5BOxbow Activated Carbon) was
readily available through Filchem Australia Pty.fbxe 325B-9 is a powdered activated
carbon with a virgin bituminous coal base, withantketer of <44 um. Similar to zeolite,
this product required very little manipulation. Taetivated carbon was saturated and
stored in deionized water and allowed to rest agétnBefore use, the material was
decanted and rinsed again with deionized watetlzen decanted a final time. The
resulting product had a wet/dry ratio of approxieha22%. An amending ratio of 1%
(via wet wt) was used in TIE bioassays. This rat#s slightly lower than reports in
previous published literature with similar activé@itzarbon products (~2% [1,7,10]), but
was still able to reduce acute toxicity and sholWaded effects to growth in preliminary
studies and thus was used in the present study.

Similar to the activated carbon, Lewatit MonoPIu#&s 207 (Lanxess Deutschland)
is not manufactured in Australia, but is readilpigable in Australia through Filchem
Australia Pty. This metals-amending agent is a Wyeadidic, macroporous cation
exchange agent (with chelating iminodiacefid\Q; 1> groups) that preferentially binds
cationic metals. The product as purchased comasauium ionic form that cannot be
used in bioassays (because it causes adversesdtigbe test organism). Therefore
before use, the resin needed to be changed talktiara form. To do this, approximately
700 g of resin were stored in 1 L of 2 M Ca€PRH,0 (for at least 24 h) at 4 °C. Before
use, the resin was repeatedly rinsed with deionizgeér until the conductivity of the

decanted overlying water was below 250 pS/cm. Basgareliminary testing, improper



conversion to the calcium form (resulting in higH palues and/or a void of a true
sediment—water interface) or inadequate rinsintpeffinal product (resulting in high
salinity in test waters) proved toxic to the tegfamisms. An amending ratio of 20% (via
wet wt) was used in TIE bioassays, based on puddisiterature with similar metals’
amendments [1,11].
Organisms

Two different freshwater test organisms were ugseskdiment bioassays:
tepperi (midge) andA. subtenuis (amphipod). Both species are broadly similar to the
Northern Hemisphere speci€sdilutus andH. azteca in appearance but are most likely
confined to Australia in regard to their distritmrti Although international toxicity
testing standards or government-based guidelines yet to be developed for these
native-Australian species, their use for such psepaontinues to grow [12-15].

Cultures of the freshwater midge were originallg@ced from temporary ponds
in the Yanco Agricultural Institute (New South Waléustralia). Cultures of this
organism were maintained in ethanol-sterilizedugsgaper using modified Martin’s
solution [16,17]. For bioassay work, adult fliesreveollected from the cultures and
allowed to breed. Egg masses from adults wereatelteand resulting larvae were used
in testing after 7 d (resulting in 5-7-d-old secamstars).

Cultures of the freshwater amphipa&dsubtenuis were originally obtained from
Deep Creek (Victoria, Australia) and then from Dieend Reservoir (Tuerong, Victoria,
Australia). The cultures were maintained in aquatth mesh gauze (as a substrate)
using artificial water based on on-site conditiosltures were sieved using 2 sieves,

250 and 400 pum, with individuals collected on theHler sieve being used. Organisms



were held for an additional 24 h before use to@&wusing organisms that may have been
injured during the sieving process.
Sediment preparation

Two sediments were collected for midge and amphipodssays. Sediments for
midge testing were collected at Glynns Wetland tN@Yarrandyte (Victoria, Australia).
Sediment used in amphipod testing was collected fsae of the sites of origin, Bittern
Reservoir (Tuerong, Victoria, Australia), becausgranger control response (i.e., less
mortality) variability was noted with this sedimentcomparison with Glynns Wetland.
Both of these sites have been used and/or evaluathd past and have been shown to
be free of toxicity and have limited contaminat[@8,19]. Collected sediment was sieved
through a 500- and 63-pum nylon mesh neidotepperi andA. subtenuis, respectively.
The smaller mesh net was used for amphipods becdtise small size of the test
organism being used in the bioassay (using a padicle-size sediment made the
termination of the bioassay much simpler). Sedisardre stored in 20-L buckets at 4
°C in the dark until use [20].

All 3 spiked sediments were prepared differentlgt eld for differing amounts
of time because of spiking procedures and chemaaatility. A high-concentration or
“super-spike” sediment was prepared for both coppérpermethrin (in formulation)
bioassays [21]. Super-spike sediments for pernretimd copper were aged for at least
14 d before being diluted with clean sediment tedsin the desired testing
concentrations. These diluted test sediments @pper and permethrin) were then aged
for at least another 10 d before the initiatiombioassays. Desired ammonia test

concentrations in sediments were prepared indiigaad aged for 7 d before the



beginning of bioassays. During the aging procdksediments were manually mixed
then rolled on a Stovall low profile roller. Thdeeant amending agent or sand (to
account for any dilution effect) was added to sexdhita 3 d before the addition of test
organisms.

Copper and ammonia were both spiked using fornariatof the chemical (Cugl
* 2H,0 and NHCI, respectively) that led to low pH in sedimeni} [The pH of both of
these test sediments was adjusted using 10 M N&@#Hments were adjusted to a pH of
approximately 7. Super-spike copper test sedimeate also purged with nitrogen
during the aging period to produce more environagntealistic sediments [21].
Bioassays

For each contaminant class, 3 types of treatmeaits @valuated: amendment
only, contaminant only, and the combination of@neendment and contaminant (as well
as controls—containing neither the contaminant nor the amendm8ix concentrations
were spiked for testing wit@. tepperi and both growth and survival were evaluated as
part of this bioassay, and only 5 concentrationsewsed for testing witA. subtenuis
because only survival was measured. Six replicaitts15 individuals per replicate were
used forC. tepperi, whereas 5 replicates and 10 individuals per cafdiwere used fak.
subtenuis.

Bioassays were conducted in 350-mL beakers antbthleweight of the sediment
and the artificial volume of water used per repgkoaas 60 g wet weight and 250 mL,
respectively. Test water for bioassays was preparadcordance with culture waters’
preparation as mentioned. All toxicity testing wasiducted using a standard 16:8-h

light:dark photoperiod and a temperature of 21°€ ¥ollowing previously used



protocols [5]. Water-quality parameters includingstlved oxygen, pH, conductivity,
and temperature were measured daily in midge teatid every other day for amphipod
testing.

Bioassays evaluating metals and nonpolar organitsQvtepperi andA.
subtenuis were conducted over a 5- [5] and 10-d test pdtiothe comparable with
USEPA protocols foH. azteca) [22], respectively. For copper and permethrirelsgays,
water changes occurred twice per day using a s&tiewal system (150-200 mL per
change), witlC. tepperi being fed every other day (10 mg TetraMin) @ndubtenuis
being fed daily (1 mL of yeast, cereal leaves, &anlaMin and 0.5 mg TetraMin). In
ammonia bioassays, approximately 30 mL were ca@tefitom each replicate per day to
assess water quality; replicates were then repiedisvith fresh water of that same
volume. Excluding this small replenishment, the amia bioassays were a 5-d static test
(to avoid dilution of ammonia by replacement of ibyiag water) [9,23] for both species;
in addition, neither organism was fed during thealssay (to avoid any issues with
dissolved oxygen). Mortality of both species waseased in all TIE bioassays, with
growth also being assessed @rtepperi in all TIE bioassays. The dry weight of midges
was used to assess growth [24]; organisms werd dti80 °C to a constant temperature
(Memmert drying oven) and weighed using a Kern AES] analytical balance
(reproducibility £ 0.1 mg; Kern & Sohn).
Chemical analysis

Before the addition of sand or amendment, approdind0-g aliquots of each
treatment were collected to serve as an initiateatration for each treatment. These

initial concentrations were used in calculatingtacuedian lethal concentrations (i.e.,



LC50s) and median sublethal effect concentratiaisgugrowth (i.e., EC50 values). Post
amendment concentrations were only evaluated tera@tderstand the level of
concentration reduction that occurred with the toldiof the amendment for that
respective chemical class. Initial (day <B3AQ;2> and post amendment concentrations
(day 1) were analyzed in porewater for ammoniavaimole sediment for permethrin and
copper. In the case of copper, the resin was redhfseen the post amendment sediment
by sieving through a 250-um sieve before analy&isewater was extracted from
sediment by centrifuging a 50-g aliquot (Avanti &Entrifuge; Beckman Coulter) at
2900g at 4 °C for 45 min. Commercial laboratories aciteetito ISO 17 025 and ISO
9001 carried out chemical analyses of all chemidad¢al ammonia (mg N/L) in
porewater was analyzed using APHA 4500-NH3 H [@B]ich uses a Buchi steam
distillation coupled with a titrimetric finish. Fauantifying metals’ concentration,
moisture content of sediments containing copperfisstsdetermined using a gravimetric
procedure (dry at ~105 °C, over a 12-h period)eAftrd, 1 g of air-dried sediments
(<50% moisture content) was refluxed and digestiga Both nitric (4 mL, 50% HNO3)
and hydrochloric (10 mL, 20% HCI) acids for 2 humtil the volume was sufficiently
reduced [26]After digestion the solution was cooled and hydrogeroxide (30% kD)
was added. Solutions were heated and cooled agghrthe solution being diluted to a
volume of 50 mL using deionized water and allow@ddttle before extraction for
analysis. Concentrations of metals in sediment&wagalyzed using inductively coupled
plasma-atomic emission spectrometry (Method 20®67) [ For analysis of permethrin,
sediments were extracted using acetone and hexarenalyzed using capillary

injection followed by high-performance gas chrongaaphy coupled with determination



by tandem mass spectrometry [27]. Permethrin wessméened with a limit of reporting
of 0.01 mg/kg. Total organic carbon (TOC) was arnedlyusing high-temperature
combustion. The sample was air-dried, pulverized, subjected to an acid reaction to
remove inorganic carbonates, then combusted inGQ_Eirnace in the presence of
strong oxidants and catalysts. The evolved (orgamibon (as Cg) was measured using
an infrared detector. Five to 20 mg of treated damere placed into the boat sampling
module furnace at 800 °C, where all the carbonaxewatter was oxidized to GQwhich
was quantified by the infrared detector in the Dadann Chromatograph-190 TOC
analyzer. Measured concentrations are reportedghaut the present study.
Data analysis

Statistical analysis was conducted using R [28l]jzutg the dose—response curve
package [29,30]. Akaike’s information criteria werged to select the most appropriate
dose—response curve model function, including tagikg-logistic, log-normal logistic,
and Weibull (either 2-, 3-, or 4-parameter), oftban unaltered model as well as a
reduced model in which dose—response curves ofthetbnamended and amended
sediment (using the initial sediment concentrajiovere set to have common upper and
lower limits. The chosen unaltered model was coegpatatistically with the reduced
model using analysis of variance (ANOVA). If nomificant differences existed between
the curves, the reduced model was chosen and asiEdive the LC50 and/or EC50
values. In addition, as described by the USEPAifi§hen using an ANOVA any
significant differences were noted between theimeats, a Dunnett’s multiple
comparison test was employed to compare the ing@itteatments with their respective

baseline control sediment. For those treatmenaghioh significant differences were



noted, further analysis was accomplished usingeFistZ AQ; 3> least significant
difference test to compare the unaltered sediméhtthe same sediment that was
amended.
RESULTS
Water quality

Temperature (21 £ 1 °C) and dissolved oxygen (>6id06verlying water was
consistent in all TIE bioassays conducted. Therptthé overlying water for ammonia
and copper TIEs was 7.0 £ 0.23 and 7.9 £ 0.09 idges and amphipods, respectively.
Not surprisingly, conductivity in the overlying veaitincreased with increasing
concentration for both ammonia (ranging from 962#b6AS/cm and 1216—-2289 uS/cm
in C. tepperi andA. subtenuis, respectively) and copper (ranging from 292—-898mS
and 1371-1471 uS/cm @ tepperi andA. subtenuis, respectively). Interestingly, the pH
and conductivity of the overlying water in the ammaoTIE bioassays were slightly
decreased with the addition of the amendment wberpared with the unamended
sediment (conductivity decreases of up to 10%; petehses of up to 0.28 units). The pH
and conductivity of the overlying water in the cepf IE bioassays increased with the
addition of the amendment (conductivity increadagpoto 5%; pH increases of up to
0.66 units). These changes were more pronouncedting withC. tepperi when
compared withA. subtenuis, most likely caused by the high concentrationslusaenidge
testing and the higher conductivity test water usezmmphipod testing. These trends
were not seen in nonpolar organics’ TIE bioassegaductivity:C. tepperi 198 + 9.94
pnS/cm;A. subtenuis 1528 + 2141S/cm and pHC. tepperi 6.2 + 0.15A. subtenuis 7.86 +

0.19).



TIE amendments alone

The addition of all 3 TIE amendments to controliseht showed little-to-no
acute toxic effect t€. tepperi andA. subtenuis because survival was above or near 80%
for both controls and amended controls (Figurélhse control levels meet the
specified control criteria fo€. tepperi [31]. Control thresholds fok. subtenuis do not
currently exist but are expected to be similartfmse of the amphipdd. azteca, which
are also 80% [22]. In the metals’ TIE bioassaysrage individual weights were similar
for controls and amended controls €@rtepperi with weights of 0.75 + 0.17 mg dry
weight/organism and 0.82 + 0.18 mg dry weight/orgian) respectively. Growth,
however, was significantly reduced by the additibthe activated charcoal amendment
in TIEs for nonpolar organics (Oxpure 325B-9 ActadCarbon) because the individual
weights ofC. tepperi ranged from 1.0 + 0.07 mg dry weight/organism withthe
amendment and 0.81 + 0.17 mg dry weight/organismnahe amendment was present.
In ammonia TIE bioassays, average growtlCaiepperi was not reduced by the addition
of the amendment; however, it was lower overall vbempared with the other TIE
bioassays for both treatments because controlstmumamended and amended
sediments had individual weights of 0.36 + 0.05dngweight/organism and 0.45 + 0.06
mg dry weight/organism, respectively.
TIE amendment capabilities: Effects-based response

The LC50s for both species and the EC50s (viahtefgr midges, in both
unamended and amended test sediments (using tiaé sediment concentration), for all
TIE bioassays as well as the estimated ratio ofeomation effect doses (i.e., the

amended EC50/unamended EC50) are shown in Tableel.C50 values for ammonia



usingC. tepperi when amended with ANZ38 Zeolite were 1.54 timeghér than those in
unamended sediments. The amphipodubtenuis had a much larger ratio of
concentration effects doses because the LC50 vadwseraended sediments were 3.92-
fold higher than the LC50s for unamended sedimdifits.use of growth as an endpoint
for C. tepperi in the proposed ammonia TIE methods was not aatmsfy and will be
discussed in further detail (sEarther refining the TIE methodology and Test species use
sections). The LC50 and EC50 (growth) values f@peo usingC. tepperi when
amended with the Lewatit MonoPlus TP 207 were an@ 3.15 times higher than
unamended sedimeniustrochiltonia subtenuis showed an even greater difference
because LC50 values of amended sediments wergise higher than LC50 values of
unamended sediments. The LC50 and EC50 (growthiesdbr permethrin (in
formulation) usingC. tepperi when amended with the activated carbon were /82 a
3.02 times higher than for unamended sedimentsla®ito the ammonia and copper
results,A. subtenuis again showed a higher ratio of concentration effiese because
LC50 values for the amended sediments were 4.48stmygher than for unamended
sediments.
TIE amendment capabilities: Concentration-based response

The ammonia amendment (ANZ38 Zeolite) significantiduced total ammonia
concentrations in the porewater of b@thtepperi andA. subtenuis TIE ammonia studies.
The addition of the amendment reduced porewatal &mdmonia concentrations in
spiked samples witl. tepperi andA. subtenuisby 41 to 80% and 74 to 86%,
respectively (Figure 2). In addition, at the cosam of the amphipod test, ammonia in

the overlying water was also evaluated. In all Bheftest treatments, reductions of total



ammonia in the overlying water when compared withunamended sediment ranged
from 64 to 99%. In fact, with the 3 lowest test centrations amended with zeolite (21.7,
44.8, and 127 mg N/L), total ammonia concentratiarthe overlying water were below
the detection limit, which was not the case fordhamended sediment (overlying water
concentrations of 2.1, 5.4, and 10.9 mg N/L, regpely). It should also be noted (as
reported earlietfZAQ;4>) that the conductivity and pH in test waters imawnia TIE
bioassays were slightly lower when zeolite wasegmedurther suggesting that zeolite
was removing the ammonia/ammonium ion.

The metals’ amendment (Lewatit MonoPlus TP 207)uced copper
concentrations in sediment (which was sieved tmkenthe resin and adsorbed copper)
for nearly all test concentrations for b@htepperi andA. subtenuis with a reduction
ranging from 1.2 to 32% and 6.8 to 38%, respectivedxcluding 2 treatments in which
slight increases were observed (356.5 mg/kg uSingpperi, 2.7% increase and 916
mg/kg usingA. subtenuis, 10.3% increase). Greater increases were notestn
sediments with higher test concentrations. Theeéursseemingly no reduction (in the 2
sediments abov&Z AQ;5>) as well as the lower than expected decreaseslbver
although surprising, can be best explained by agtady that evaluated the removal
capabilities of ResinTech SIR-300 (the traditiopaked metals’ amendment in North
America) over time. Burgess et al. [11] evaluatedtahchemical concentrations in the
overlying water during whole-sediment TIE bioassayd for many metals (including
cadmium, lead, zinc, and nickel) an observed reéolnictf the metal concentration was
nearly instantaneous at the start of the bioagstyei presence of the amendment.

Copper behaved differently however because diffegeiin the overlying water



concentrations were not noted until more than 2#&tdr the bioassay was initiated.
Because we evaluated the amendment effects on chleconcentrations in the
porewater before the bioassay even started deg.-1), the observed reductions are
most likely underestimated. To confirm, we evaldate porewater concentrations of a
single copper concentration (nominal concentra®®® mg/kg) at 4 time points (day —1,
day 0, day 1, and day 5) in a separate bioassayltRdrom this small analysis (Figure
3) showed that reductions of copper in the porewwaéze not noticeably lower until day
1 of the bioassay. The reduction in porewater coppecentrations in the present small
pilot study at day 1 (83% reduction), using LewkltanoPlus TP 207, were similar to
reports by Burgess et al. [11] that showed a coppezwater concentration reduction of
72% at 24 h. Similar to ammonia, the overlying wageality data also provide further
evidence that copper was being actively removetthéyyddition of the resin amendment
<ZAQ;6>as increases in conductivity and pH were noted.iitreases in these 2
parameters strengthen the notion of an overall dameduction because the copper
would cause displacement of the calcium ion omtkeéal amendment bead causing
increases in the conductivity and pH.

Unfortunately, quantifying the capacity of the nolgr organics’ amendment
(activated carbon) to remove the nonpolar organes more difficult than for the other 2
chemical classes. The activated carbon amendnsetftébuld not be removed from the
sediment (because it could be with the resin imtle&als’ TIE) and it was unknown to
what extent the chemical extraction process woetdave the permethrin from the
activated carbon (concentrations for initial, unaded, and amended for

samplesZAQ;7> in the midge TIE bioassay showed a coefficientasfation of less



than 40%, suggesting that the extraction processhanze at least partially removed
permethrin from the activated carbon). An additidndk sediment sample was prepared
using permethrin at a concentration constituent wie midge LC50 (nominal
concentration 150 pg/g organic cark@iQ;8>) to evaluate whether the activated
carbon was able to reduce the porewater concasrigatAlthough only a single amended
and unamended sample were evaluated (as a resé wblume of sediment required for
analysis), the analytical results confirmed thatabtivated carbon was reducing the
concentration of this nonpolar organic (unamende@dd/L; amended with activated
carbon 2.9 pg/L). Additional work using more porésvasamples, passive sampling
technigues (such as Tenax and/or solid-phase micemtion), or evaluating different
nonpolar organics may provide more informationéttdr understand the reduction
capacity of the carbon.
False-positives/Fal se-negatives

The possibility of false-positives has been wedkcdssed [1,7,10,11] and,
although unlikely, they are possible as amendintgrnas such as those used in the
present study, and may slightly reduce constituetttsr than the target contaminant
class. For example, zeolite has an affinity for sarationic metals and polar organic
toxicants, although its affinity for ammonia is rhugreater [1]. If the zeolite slightly
improves the endpoint of interest in the TIE biegsso does the metal chelating resin; a
weight-of-evidence analysis should be used to ifjetiite source of toxicity. Thus
conducting the TIE procedures for all contamindasses is imperative and if the results
are still inconclusive, additional TIE techniquesléor analytical chemistry may be

warranted (i.e., addition @Jlva lactuca for further ammonia clarification).



False-negatives are also possible and were eviidéme present study (8 of 28
toxic concentrations-those concentrations in which growth or survivateve
significantly different from control; see Figure Three types of false-negatives were

” o

observed in the present study and can be classi$iétbo toxic,” “not toxic enough,”

and “secondary effects caused by the amendmerit3 &f these false-negatives are
discussed in the USEPA whole-sediment TIE guidaloc@ments [1] and thus observing
them in the present study was not surprising. brtskoo toxic false-negatives occur
when the sample has a high enough concentratiothth@mending material is
overwhelmed and unable to reduce the toxicity sigaificant manner (shown in 3 of the
toxic concentrations in the present study; seeQiBrég/kg copper using midge survival
in Figure 1, as an example). Samples that areomat €nough are those in which the
amending material has reduced toxicity but canoatalin a significant manner caused
by the low degree of effect of the contaminantft§eund in 2 of the toxic
concentrations; see 3315 mg N/L of porewater amanosing midge survival in Figure

1, as an example). In all samples that were deemetbxic enough, the amended sample
was not significantly different from control, sugtjeg that although it was able to
remove the toxicity it was just not able to do gm#icantly. The last false-negative that
occurred was a result of the secondary effectsechlg the amendment itself. This only
occurred in the growth endpoint fGr tepperi in the nonpolar organics’ TIE bioassay
with the use of activated carbon (observed in theftoxic concentrations; see 46.6 pg/g
OC of permethrin [in formulation] using midge swai in Figure 1, as an example). This

finding, however, is nothing new because the seamgneffects of activated carbon

and/or charcoal are well documented [1,10,32—-3d¢ Tse of 1% activated carbon in



control sediments had no acute effects or sigmficeduction in growth in preliminary
testing; nevertheless, as shown in the resulegst did significantly decrease growth in
C. tepperi by 19% in control sediment§his statistically significant reduction, although
seemingly small, could lead to false-negativess this important to have amendment
controls in TIE bioassays to understand the patkimipact of the amendment itself. The
possibility of using an even lower percentage obeoa is possible; however, by lowering
the amount of carbon used, the ability to remoeectbntaminant may become an issue
and also lead to false-negatives (i.e., too to¥ajther work in this area, perhaps using
different endpoints such as emergence, could reshlr secondary effect issues of
activated carbon and should be investigated iriutuze.
Further refining the TIE methodology

The TIE techniques as implemented proved sucddssfwarious limitations to
the methods still existthe aforementioned issue caused by the secondanisbf the
activated carbon and issues evaluating growthrfonania were also problematic. The
proposed ammonia TIE method (i.e., 5-d staticrigstmo feeding during testing)
appeared to limit the growth Gf. tepperi. Substantial differences in the weight of control
organisms of the ammonia static bioassays (0.30% @g per organism) were observed
when compared with control organisms from eitherrttetals’ (0.75 + 0.17 mg dry
wt/organism mg per organism) or nonpolar organk€ Bioassays (1.0 £ 0.07 mg per
organism) that utilized water renewals and feediing difference between the metals’
and nonpolar organic TIE is somewhat surprisingbee the same static renewal and
feeding schedule were used. But the disparity neagdzounted for by use of a different

clutch of organisms and a different batch of cdrgesliment because testing was not run



simultaneously. Although water quality met the rssegy parameters for testing in
ammonia bioassays, overlying water was more tutad usual and this, coupled with
no feeding (which was done to avoid lowering digsdloxygen even further), most
likely led to the reduced growth. To resolve thisseies, water changes and feeding
could be conducted because they have been shadvertecessary in some sediment
bioassays [35]. However, if this approach wererakige required concentration of a
water-soluble chemical, such as ammonia, would t@eég much higher to observe
effects. Although the growth-TIE method Gr tepperi was unsuccessful, what was
elucidated from the ammonia TIE bioassay was tleealMack of sensitivity of this
organism to ammonia and that the use of this osgamnay not be suitable for assessing
ammonia risk. If water changes were to take pldisg Jack of sensitivity would become
even more apparent. The lack of sensitivity of thiganism to ammonia makes this
species rather impractical for assessing risk ahama in freshwater.
Test species use

Differences in life cycles and test methods mak#fiiicult to compare the work
in the present study with published literature ealtor the more traditionally used
Northern Hemisphere species of mid@e dilutus andChironomus riparius) and
amphipod (. azteca); however, both Australian species appear to hakatively similar
sensitivities to the northern species. For instaacailable copper 10-d LC50 values for
C. dilutusandC. riparius ranged between 487.3 and 2296 mg/kg dry weighdli{utus
[36,37],C. riparius [38]), with 10-d EC50 values (using dry wt) at epppmately 210.3
mg/kg C. riparius [38]). Chironomus tepperi, even with the shorter 5-d test duration, had

relatively similar sensitivities with copper LC58cREC50 values of 5748 and 252.2



mg/kg, respectively. The copper 10-d LC50 valuethepublic literature foH. azteca
ranged from 262 to 1078 mg/kg [36,37], which iglslly lower than 10-d LC50 values
calculated forA. subtenuis (2064 mg/kg); but again these disparities mayairt be
caused by differences in test procedures (i.dereéices in test water and control
sediment characteristics of the bioassay).

Perhaps more importantly, however, are compariagdl2 Australian species
with one another and with what is environmentatigvant in freshwater ways of
Australia. For all 3 contaminant classes, survofaC. tepperi was the least sensitive
endpoint and showed survival sensitivities thatraost likely not environmentally
relevant (as based on concentrations reportectigrémter Melbourne area
[5,18,20,39,40]). The use of growth f0r tepperi, however was a much more sensitive
endpoint, more environmentally relevant, and ié @ti easy and time-efficient addition
to the bioassay procedure. To our knowledge, thegnt study is one of the first studies
to use an Australian freshwater amphipod speciesddiment toxicity testing purposes.
Although culturing and baseline bioassays’ proceddior the studied amphipod species
A. subtenuis are still in their infancy (as evident in the ol higher variability than for
C. tepperi), the strong TIE response (as evident in the bgjimated ratio of
concentration effects dose in Table 1) and highesisivity of this species (when
compared witlC. tepperi), as well as occupying a unique role in benthizsgstems
similar toH. azteca (i.e., epibenthic shredder), make it a strong whatd for future use in
bioassays, especially freshwater sediment TIEs.

CONCLUSIONS



The results presented in the present study builthemrcurrent TIE-technique
literature and provide Australia with the necessamndation to conduct sediment-based
TIEs using native species. Although limitationghe method still exist, by using the TIE
technique as part of a weight-of-evidence approaahy of the issues are of less
concern. Perhaps, not surprisingly, Australia isuroque in lacking foundational whole-
sediment procedures because other countries owtsherth America would be in a
similar situation. The following wor&Z AQ;9> not only shows how countries can
develop country-specific TIE procedures but alsithportance of identifying and
understanding the relative sensitivities of 2 gasilltured native test species and how to
ensure that these organisms effectively work inB#Sed procedures. It is hoped that
these baseline methods will not only ensure moteessful implementation of TIEs in
future risk assessments as well as increase thalbuse of this technique being
employed in Australia, but also that similar meth¢acquiring local-sourced
amendments, determining functionality of amendmaeand ascertaining suitability of
local test species) can be employed for the ugéks in other countries as well.
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Figure 1. Results show the acute toxic effects for Chironomus tepperi (survival and
growth) and Austrochiltonia subtenuis (survival) in the presence of ammonia (mg
N/L), copper (mg/kg), and permethrin (ug/g organic <ZAQ;12>carbon). The single
asterisk indicates that survival or growth of unamended sediment was significantly
decreased when compared with the control (p < 0.05). The # sign used as a unit of
weight identifies a significant increase of survival or growth of the species when the
amended was added. NA = not available.

Figure 2. Ammonia concentrations (mg N/L) of ameh(@eith zeolite) and unamended
samples in bioassays with bdThironomus tepperi andAustrochiltonia subtenuis when
compared with the initial concentration of the seeint.

Figure 3. Comparing the amended (with Lewatit MdaoeA P 207; Lanxess
Deutschland) and unamended porewater concentrgfana single copper
concentration, nominal concentration 250 mg/kgy awvee (in days).
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Table 1. Effect concentrations (f6hironomus tepperi® andAustrochiltonia subtenuis’®

as well as the estimated ratio of effects dose d&tvthe unamended and amended

sedimerftfor 3 contaminant classts

" Contaminant Endpoint EC50 (= SE) Estimated ratio of

Unamended

concentration
effects dose (+ SE)

Amended

~Ammonia (mg N/L) C. tepperi—survival 3849 (75.96)
C. tepperi—growth NA

A. subtenuis—survival  141.4 (16.47)

Copper (mg/kg) C. tepperi—survival 5748 (128.2)

C. tepperi—growth 252.2 (72.1)

A. subtenuis—survival 2064 (353.7)

Permethrifh C. tepperi—survival ~ 411.9 (57.53)

5000 (144.1)  1.54 (0.0469)*
NA NA
554.9 (35.05)  3.92 (0.529)*
9776 (189.2)  1.70 (0.0497)*
795.2 (67.0) 3.15 (0.838)*
10 794 (2252) 5.23 (1.42)*

1861 (396.2) 4.52 (1.07)*



(ng/g organic C. tepperi—growtH’ 139.7 (14.17) 422.64 (142.0) 3.02 (1.06)*

carbon¥ZAQ; 13> A. subtenuis—survival 205.55 (8.157) 920.54 (34.78)  4.48 (0.229)*

#Using survival and growth.

P Using the initial (i.e., before amendment) sedimmmtcentration.

4 Ammonia, cationic metals, and nonpolar organics.

U°®Standard error and estimated ratio of effects ease calculated using R utilizing
dose—response curve methods [29,30]. Estimatemlohtffect doses is equal to amended

EC50/unamended EC50.

s The values for permethrin are measured concemeatiosediment; however, it should

be noted that other constituents (namely hydrocesmay have been present in the



sediment because a commercial formulation (Brurswgt, Spider & Cockroach Killer)

containing permethrin was used.

i Curves could not be confined to have the samerlawe upper limits because of
significant differences in control response with #ddition of the carbon amendment. In
addition, control concentrations were below theadibn limit; thus one-half of the
detection limit (DL = 0.1 mg/kg) was used as thatoal value for computing EC50

values.

n*The difference in EC50 values between amendeduaathended is significant pk

0.05.

gEC50 = median effect concentration; SE = standenal; NA = not available.

survival.



