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ABSTRACT 

Hyalella is one of the most widely used freshwater toxicity test organisms in North America, both 

for watejr-only and for sediment tests, An official Environment Canada standard ‘method for 
conducting sediment tests (EC 1997) is available. Hyalella has been cultured and used in water-only 
and sediment toxicity tests at the Canada Centre for Inland Waters (both in the Department of 

Fisheries and Oceans and in Environment Canada) since 1985. Additional information on 

conducting tests with Hyalella which has been collected at CCIW over the past 17 years, and is not 
available in ‘EC 1997, is summarized below. Artificial media must contain bromide ions. in 

addition, the strain of Hyalella used must be selected carefully if tests are to be conducted using 

estuarine media because salinity tolerance varies between strains. A simplified method for 
conducting chronic (4-week) sediment tests under static conditions is described; the use of large 

water to sediment ratios and novel test containers (e.g. Imhoff settling cones) negates the need for 

water renewal. Background data on survival, growth and reproduction of Hyalella in control 

treatments from over a hundred experiments are summarized. This provides background 

information on test sen'siti'v'ity as a function of test duration for different endpoints, and the number 
of replicates needed to obtain statistically significant observations. At least 4-6 replicates are 

required to obtain stati_st_ica1 significance for a 25% change in survival or growth (4—week test), or 
a 75% change in reproduction (8-10 Week test), but over 40 replicates would be needed to observe 
a significant drop of 25% in reproduction. The median difference in test sensitivity between the 
standard two week exposure (EC 1997) and the commonly used foureweek test was 19%. This, and 
additional data surrnnarized below, can be used to select test endpoints andduration when resources 
are limited. The variation in final size of Hyalella at 4 weeks of age in sediment tests is largely due 
to differences in growth rates among individuals, rather than variation in initial size. A reduced 
variability in final size, and hence increased sensitivity in measurements of growth rates, cannot be 

obtained by decreasing the initial size or age range of test animals. The current practice of using 0-7 

day old animals which are kept for one to a few days before test initiation is, therefore, acceptable.



RESUME 

Hyalella est l’un des organismes dulcicoles les plus utilises pour les essais de toxicite en Amerique 
du Nord, et ce autant pour les analyses de l’eau seulement que des sediments. Environnement 
Canada a etabli une methode normalisee officielle pour l’analyse des sediments (EC, 1997), Depuis 
1985, Hyalella est mis en culture et utilise pour des essais de toxicite de l’eau et des sediments au 

Centre canadien des eaux interieures (CCEI), par le ministere des Péches et des Oceans et 
Environnement Canada. An cours des 17 dernieres annees, les essais realises par le CCEI ont permis 
de recueillir des donnees supplementaires sur les essais avec Hyalella, dont ne tient pas compte la 
methode d'EC (1997). Ces donnees sont resumees ci-aprés. Le milieu artificiel doit contenir des ions 
de bromure. De plus, la souche de Hyalella utilisee doit étre choisie avec soin si l’essai doit porter 
sur un milieu estuarien, car la tolerance a la salinite varie d’une souche 5. l’autre. Nous decrivons une 
methode simplifiee pour des essais de toxicite chronique (4 semaines) des sédiments, dans des 
conditions statiques; grace A 1’uti1isation de grandes quantites d’eau par rapport A la quantjte de 

sediments, et aux nouveaux contenants d’essai (comme les cones de decantation Imhofi), i1n’est 
plus necessaire de renouveler l’eau. Nousresumons les donnees de base sur la survie, la croissance 
et la reproduction de Hyalella, qui proviennent des traitements témoins effectues dans le cadre de 

plus d’une centajine d’experiences et qui fournissent des donnees de reference sur la sensibilite de 
l’essai en fonction de sa duree, selon differents parametres, ainsi que sur le nombre d’echantil1ons 
repetes necessaire pour obtenir des observations qui soient statistiquement significatives. Il faut au 

moins 4 a 6 echantillons repétes pour observer une variation statistiquement significative de 25 % 
dans la survie ou la croissance (essai de 4 semaines),- ou de 75 % de la reproduction (essai de 8 a 

10 semaines), alors qu’il en faudrait plus de 40 pour observer une diminution significative de 25 % 
de la reproduction. La difference médiane entre la sensibilite de l’essai normalise sur deux semaines 
(EC, 1997) et l’essai courant sur quatre semaines, est de 19 %. Cette donnee, combinee aux autres 
donnees resumees ci—apres, peut étre utilisee pour selectionner les parametres d’essai et determiner 

la duree des essais, lorsque les ressources sont limitees. La variation dans la taille finale de Hyalella 
A 4 semaines, lors de l’analyse des sediments, est en grande partie attribuablc aux differences dans 
les taux de croissance des differents suj ets, plutét qu’aux variations leur taille initiale. Il est 

impossible de reduire la variabilite dans la taille finale, et donc d’accroitre la sensibilite des mesures 

du taux de croissance, en diminuant la taille initiale ou la fourchette d-’ége des animaux 
expérimentaux. La pratique actuelle, qui consiste a utiliser des animaux ages de 0 e 7 jours, gardés 
pendant un ou plusieurs jours avaiitle debut dc l’essai, est donc acceptable. 
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1. INTRODUCTION 

Hyalella‘ is one of the most widely used fieshwater sediment toxicity test organisms in North 
America. Several standardized test methods have been published, including the ofiicial 

Enviromnent Canada standard method EPS 1/RM/V33 (EC 1997). Hyalella, originally collected from 
Valens Conservation Area near I-lamilton, Ontario, have been used in Department of Fisheries and 
Ocean (DFO) and Environment Canada (EC) laboratories at the Canada Centre for Inland Waters 
(CCIW) in Burlington, Ontario, since 1985, and considerable experience has been gained in culture 
and toxicity test methods. The objective of this manuscript is to summarize information collected 
at CCIW which can be used to improve toxicity test methods or to make cost-effective decisions 
when selecting test endpoints and exposure times. “Topics included are: 

1. Composition of artificial media which result in good survival, growth and reproduction, 
2. Use of Imhoff settling cones as an alternative to water renewal methods in sediment toxicity tests. 
3. The relative sensitivity and variability of survival, growth, and reproduction endpoints. 
4. The effect of different initial size and age ranges of test used. 

5. Testing brackish-water samples. 

The first topic summarizes findings from two different laboratories which demonstrate that 
successful use of artificial media requires the addition ofbromide. This is not common knowledge 
since bromide is not ‘usually considered an essential ion for living organisms. The second topic 
describes a method which greatly simplifies toxicity testing of difficult sediments by eliminating the 
need for Water renewal. The third topic summarizes observations on test endpoints from over a 

hundred toxicity tests conducted at the CCIW since 1985. Information on the number of replicates 
needed and endpoint sensitivity‘ for various exposure durations can be used to optimize test 

procedures when resources are limited. Some observations on the effects of initial body size on 
growth are covered in the fourth topic. Finally, the last topic discusses the salinity tolerance of 

Hyalella as it relates to the testing of brackish-water samples. 

‘All Hyalella in Canada key out as H. azteca in standard classification keys. However, recent 
studies suggest that HyaIel_la is composed of a number of closely related species (e.g. Witt and Hebert 
2000) and taxonomic classifications will probably change.
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2. USE OF ARTIFICIAL MEDIA_: THESE MUST INCLUDE BROMIDE 

The EC Hyqlella testmethod (EC 1997) recommends the use of reconstituted water if a high degree 
of standardization is required. This is particularly useful when data are to be compared from a 

number of test facilities. The USEPA recipe (USEPA 1994) is recommended, but it is noted that 
success in culturing Hyalella in this medium has been mixed (EC 1997). Poor and inconsistent 

results in culturing with artificial media is mentioned by many researchers in casual conversation 

at scientific meetings. Much of this is probably due to the omission of bromide fi"om the culture 
medium. 

Borgmann (1996) conducted a systematic investigation of all major ions needed by Hyalella, and 

developed a standard artificial medium (SAM—5S) based on Lake Ontario water. Sodium is more 

important than Ca for survival, but Na, Ca and Br all need to be present before survival in the 
artificial medium approaches that in Lake Ontario water. Interestingly, neither Ca nor Br alone 
improve survival above that observed in a solution of NaHCO3. They must be present together 

(T able 2,1). This explains one of the puzzling phenomena previously observed during laboratory 

tests in which hardness and alkalinity were varied independently. Dilution of Lake Ontario water 

to reduce both hardness and alkalinity did not affect survival, but addition of CaCl, to the diluted 

water to return hardness to original levels resulted in increased mortality (Table 2.2). The CaCl2 

appearedto be “toxic”, but this was probably due to low concentration of bromide ions. Magnesium 

Table 2.1. Survival oTHyalella azteca after four weeks in distilled water (DW) with various 
salt additions and in Lake Ontario (control) water. 

Medium‘ M Survival without bromide Survival with bromide” 

nw+ CaCO3 0% 0% 
DW+ NaHCO3 40% 45% 
DW + caco, + NaCl 10% 90%

. 

_Lake Ontario water 92% 
a. Salt concentrations used: 1 mM CaCO3, 0.6 mM NaHCO3, 0.6 mM NaC1 
b. 5 p.M CaBr2 or 10 uM NaBr



and K ions are not required for survival, but their presence does improve growth and reproduction 
(Table 2.3).

’ 

Table 2.2. Consequences of omitting bromide from partially reconstituted water. 

Medium Survival after four weeks 
. 3. 7- 4 7 . _ 

(range, n=4)
. 

Lake Ontario water ‘ 83% (70-90) 
10% Lake Ontario + 90% distilled water 88% (80-95) 
10% Lake Ontario + 90% distilled water-1-' '1 mM CaCl2 18% (0-30) 

Table 2.3. Major ions needed for survival,’ growth and reproduction (10 week t_ejst). 
Medium Survival Final wet weight 

2‘ 

Youlng/flialslt 

Lake Ontario water 71% 4.38 mg 53 

SAM-SS“ 67% 4.43 mg 46 

SAM without K 68% 3.52 mg 6 

SAM without Mg 70% 3.23 mg 26 

a.- Standard Artificial Medium (1 mM CaCl2, 1 mM NaHCO3, 0.25 mM MgSO,,-, 50 uM KCl, 
10 uM NaBr) 

The importance of adding bromide was verified in another study conduced in a different 
Environment Canada laboratory (Environment Science Centre, Moncton NB, Kenneth G. Doe, 
personal communication). Four groups of 40 young (s 3 days old) Hyalella were raised in SAM-.5S 
artificial medium. This medium contained 20 uM (2.06 mg/L) sodium bromide. Four groups of 40 
young Hyalella from the same pool of young were raised in SAM-5S artificial medium to which no 
sodium bromide was added. Animals were fed YCT on Mondays and Thursdays, and culture 
medium was renewed on these days. The experiment was terminated on day 35. The results are 
surmnarized in the Table 2.4. It was concluded that bromide is required for good survival and 
growth of Hyalellaj.



Table 2.4_: Summary of survival (%) and reproduction of Hyalella azteca cultured in the two 
experimental treatments“ 

Treatment Day 7 Day 14 Day 21 Day 25 
9 

if Day 28 Day 35 
SAM-5S 100 % 98 % 96 % 96 % 96 % 96 % 
(with survival survival survival survival. survival survival. 

NaBr) 
_ 

First 
, 

First 
mating Young 
pairs observed 

SAM-SS 88 % 67 % 51 % 36 % 30 % ll % 
(No NaBr) survival survival survival su_rvival_.i survival. survival. 

No mating No mating No mating 
pairs or pairs or pairs or 
young young young 

, 
observed observed observed 

a. K.G. Doe, Environment Science Cenl1f€..Moncton_NB, personal communication 

The standard artificial medium used by Borgmann (1996) is similar to the USEPA medium 
recommended in the EC test method, except for the addition of bromide. The concentrations of Na, 
K, Ca, Mg and HCO, vary less than 20% between the two media. Chloride is approximately one 
half as high, and S04 is two and a half times higher, in the USEPA medium, However, the relative 
amounts of Cl and S04 do not appear to affect Hyalella (Borgmann 1996), suggesting that the 

USEPA medium’ should work well ifbromide is added. 

In addition to improving standardization, when required, the use of artificial media with bromide 
allows individual ions in the medium to bevaried in a completely controlled manner. This has made 
‘it possible, for example, to elucidate the role of Na and K ionsin controlling the toxicity ofammonia 
to Hyalella (Borgmann and Borgmann 1997), and in demonsuating the importance of K rather than 
Ca or Mg in controllingthe toxicity of thallium to Hyalella (Borgmann et al. 1998). These studies 
would not have been possible without artificial media containing bromide. 

3. SEDIMENT TOXICITY TESTING USING IMHOF F SETTLING CONES 

The EC Hyalella test method (EC 1997) recommends the use of 300 mL high form glass beakers 
or jars with 100 mL of sediment and 175 mL of overlying water for conducting sediment toxicity



tests. There are two options for water renewal: no renewal during the two-week test period, except 

for replacement of evaporative losses, or daily renewal at the rate of two volume additions per day. 
An automated intermittent-renewal system is recommended if the renewal option is chosen. In 

contrast, chronic (four-week) sediment toxicity tests in our laboratory were initially conducted in 

250 mL beakers with 40 mL of sediment and 160 mL of overlying water without water renewal (e. g-.- 
Borgmarm and Norwood 1997). These static toxicity tests have worked well when testing a variety 
of sediments fiom the Great Lakes, but testing with sediments collected from Sudbury area lakes 
resulted in a rapid deterioration of overlying water quality. Although a water renewal system may 
have overcome this problem, would have necessitated the purchase and installation of 

specialized automated water renewal equipment, and it would have resulted in the potential loss of 

toxic substances leached from the sediments during the exposure period. 

As an alternative to water renewal, Borgmann and Norwood (1999a) varied the volume ratio of 
sediment to overlying water. Overlying water quality was maintained by using 15 mL of sediment 
and l L of overlying water, giving a water to sediment ratio of 67:1. For comparison, a water 

renewal rate of two volume additions per day (350 mL) for 100 mL of sediment (EC 1997) will 
result in an equivalent total water volume to sediment ratio after 19 days. In order to maintain a 

reasonable sediment depth, Borgmann and Norwood (1999a) conductedtheir tests in hnhoff settling 
cones. These are 1 L funnel shaped containers constructed of polycarbonate or glass and usually 
used for measuring the volume of suspended solids. A number 4 silicone rubber stopper is placed 
in the bottom, resulting in ‘a sediment depth of about 2.3 cm and a surface sediment diameter of 3.1 
cm (Fig. 3.1 and 3.2). In 28-day tests, survival of Hyalella ranged from 89 to 97 % in cones at 
animal densities of 5 to 30 pertest container. There was no apparent density effect from 5 to 20 

per cone (93-97% survival), and only a modest decrease in survival at 30 animals per cone 

(89% survival). By comparison, survival in beakers with 40 mL of sediment and 160 mL of water 
was 93% (Borgmann and Norwood 1999a). Sediment toxicity tests withlmhoff settling cones have 
been completed successfully in several studies using both field-collected and spiked sediments 

(Borgmann and Norwood 1999b, Borgmann et al. 2001a, Borgmarm et al. 2001b, Borgmann and 
Norwood 2002). These included both 4-week chronic toxicity tests initiated with young amphipods 
and one-week metal bioaccumulation tests with adults at densities of 15 animals per cone. A 

of test conditions and procedures is provided in Table 3.1.
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__,,- 1000 mL ‘water /5G 

____.--———-1 L lmhoff settling cone 
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__..----160 mL water 
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1.3 cm deep 

“."“‘ 
3.1 cm diameter -.

E \ 
15 mL sediment, 2.3 cm deep
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\ 
‘\
\ #4 silicone rubber stopper 

F ig. 3.1. Diagramatic representation of a 1-L Imhofl' settling cone used as a toxicity test chamber 
(Water to sediment ratio of 67-: 1), and comparison with a 250-mL beaker (water to sediment ratio 
of 4: 1). After Borgmann and Norwood (1999a).



Fig. 3.2. Photograph of a sediment: toxicity rack of Imhoff settling cones with water, sediment 
and air supply.



Analysis of contaminants in overlying water can be particularly useful when conducting sediment 

tests with Imhoff‘ settling cones. The toxicity of sediments to Hyalella is often due to the toxicity 

of chemicals leached from the sediment into the water, rather than the‘solid phase of the sediment 

itself; The presence of chemicals causing toxicity can, therefore, sometimes be determined by 

measuring their concentration in the overlying water, provided the concentrations in overlying water 

and sediment are close to equilibrium, The large water volume, and avoidance of water renewal, 

makes water sampling particularly appealing when conducting. tests in cones. Nickel toxicity, for 

example, is a function of the amount of Ni bioaccumulated by Hyalella, and Ni bioaccumulation 

correlates much more closely with Ni in overlying water in tests conducted in Imhoff settling cones 
than in beakers (see Fig. 4 in Borgmann et al. 2001a). Concentrations of both Ni (Borgmann et al. 

2001a) and Pb (Borgmann and Norwood 1999b) in overlying water at equally toxic sediment 
concentrations can be much higher in tests conducted in beakers than in cones, Leaching of organic 

matter and other substances from sediments can reduce the bioavailability of dissolved metals, and 

this effect is much more pronounced at the lower water to sediment ratios obtained in beakers 
compared to cones. Comparison of‘ contaminant concentrations in overlying water with criteria 

developed from water-only tests (e.g._ water quality guidelines) is, therefore, more useful in cone 

tests than in beaker tests. 

The equilibration time allotted before addition of to the cones needs to be considered. It is 

beneficial to allow the cones to sit for about one week with sediment and water before addition of 

anim_a1s when testing metal-contaminated sediments. Leaching of metals from the sediments is rapid 
in the first few days, and then slows as equilibrium is approached (Borgmann and Norwood 1999a). 
Although complete equilibrium between water and sediment is not likely to be achieved in most 

sediment tests, a one-week equilibration time ensures that test animals are exposed to near- 

equilibrium conditions for a longerperiod. The duration of the equilibration time may need to be 
adjusted, however, depending on the purpose of the test and type to contaminants present. If it is 

desirable, for example, to detect the presence of highly unstable or volatile compounds which may 
dissipate within a one-week period, then a shorter equilibration period may be required.



Table 3.1. of conditions and procedures when conducting sediment toxicity 
using Imhoff settling cones 

Tes_t chamber- 

Container rack 

Sediment volume 

Overlying water volume 

Aeration 

Covers 

Sediment addition 
method 

Equilibration time 

Test animal density 

Water sampling prior to 
and at end of test 

Test termination 

1 L polycarbonate or glass Imhoff settling cone fitted wi_th a #4 
silicone rubber stopper 

19 mm plywood stand, 40 cm high, with 8.3 cm diameter holes 
placed 14 cm apart (centre to centre, e.g. 5 rows of 10 holes in a 
148 X 70 cm rack) 
15 mL (smaller volumes can be used if ‘overlying water quality is 
not maintained, e.g. when using overlying water of very low 
buffering capacity) 

1L 
gentle bubbling of air through a glass rod tipped with a 250 uL 
polypropylene pipette tip placed 1-2 cm above the sediment 
surface 

polypropylene snap lids with holes punched for insertion or glass 
rods for aeration 

sediment should be added in such a manner to minimize the 
mixing of sediment with overlying water (e.g. one method is to 
partially fill the cones with water and then “inject” the sediment 
near the bottom using a large plastic syringe fitted with a large 
bore plastic tip, and then to add the remaining overlying water) 

allow to equilibrate for 1 week before addition of test animals, 
unless conditions dictate otherwise (e.g. when highly volatile or 
unstable test substances are expected in the sediment) 

fifteen young Hyalella per cone (chronic tests) or 15 adults (one- 
week bioaccumulation tests) 
because overlying water volume is large, small volume (e. g. 10-15 
mL) water samples for pH, DO, ammonia and other analyses can 
be taken during the test, and large volumes (up to 1 L) can be 
collected for contaminant analysis at the end of the test and 
filtered and/or preserved as required for specific contaminants 

once the overlying water is carefully decanted for water sampling 
(see above) the sediment can be rinsed onto a fine mesh screen

V 

using a gentle water spray while holding the cone on its side (this 
is generally required due to the narrow construction of the cone). 
Test animals are then rinsed into a glass bowl for counting, 
weigflzg and preservation, as required.



4. COMPARISON OF TEST ENDPOINTS 

4.1 Responses of control animals and number of replicates required 

Chronic tests with Hyalella can be conducted for different purposes, for different numbers of test 

samples, and with varying financial constraints. Consequently, tradeoffs between test sensitivity 

and cost fiequently need to be considered. Wise choices can only be made if sufficient data on the 

relative sensitivity’ and variability (e.g.. number of replicates needed) of difierent endpoints are 

available. For this purpose, data from most of the chronic tests conducted in our laboratory at the 

Canada Centre for Inland Waters over the last two decades have been collated and compared. 

The first analysis of collated data fiom pasttests involved the comparison of all control data. Tests 
were conducted in water only (with cotton gauze as substrate) using either 250 mL beakers or 500 
mL Erlenmeyer flasks, or in sediment tests using 2.5 L glass jars (15 cm diameter, 1-1.5 cm 
sediment depth, 1.5 L overlying water), 250 mL beakers with a 4:1 waterto sediment ratio (40 mL 
sediment plus 160 mL water), 250 mL beakers with a 10:1 water to sediment ratio (20 mL sediment 
plus 180 mL water), or Imhoff settling cones with 15 mL sediment and 1 L of water. In most studies 
each treatment consisted of two replicates, and each test was performed at least twice, giving four 

or more replicates per treatment. For the present analysis, however, data from each experiment were 

kept separate so that within experiment variability could be determined accurately. This gave a total 

of 117 separate experiments (see Appendix 1). Endpoints included survival, wet weight, biomass 

normalized to number of animals added (i.e. total weight / No), young produced / N0, and total 

number of animals presentat the end of the experiment (i.e. number of survivors plus number of 

young produced / No). The latter endpoint was added because one of the sediment experiments 

conducted in a cone it was not possible to distinguish surviving from youngwhich had grown 

quite large. The total biomass, number of young, and final number were all normalized to the initial 

number of animals added because No was not constant. The most frequently used density of animals 

added per test containers was 20 for water—only tests and sediment tests in beakers, and 15 for 

sediment tests in Imhoff settling cones.

10



The first step was to determine the appropriate data transformation. Several transformations were 
tested for each endpoint. One-way AN OVAs were conducted by experiment in Systat 7.0. Plots 
of residuals were examined for homogeneity of variance and probability plots were examined for 

linearity. The square root transformation appeared to be best for weight, biomass, young production 
and total number at the end of the experiment. Un-transformed and log-transfonned variables 
appeared to have less homogenous variances and less normal distributions. For survival, the best 
transformation was the log of mortality (log(m) where m=-1n(N/No)). Un-transformed survival or 
mortality rate did not fit the normal distribution well. 

A one way nested ANOVA was then conducted on the transformed endpoints, followed by a 

hypothesis test to determine if the container type affected the endpoint. The mean error 

(MSE) term for variability between experiments was used to testfor container effects (i.e. to allow 
for experiment to experiment variability), and the MSE for replicates was used to compute the 
number of replicates needed to detect a 25, 50 or‘ 75% drop in the endpoints within an experiment. 
The overall mean values of the endpoints, MSE, degrees of fieedom, F values, and number of 
replicated needed are summarized in Table 4.1. Comparisons can be based on either a two-tailed 

(test treatment values may be above or below controls values; e.g. growth stimulation) or a one- 
tailed (only reductions from control values are considered) test. A two—tai_led F value at P=0. 10 was 
used to compute replicates needed for the one-tailed test. Average endpoint ‘values for each test 

container, and how this affects estimates of replicates needed is summarized in Table4.2 for two- 
tailed comparisons.- 

Container effects were statistically significant only for weight and biomass at week four, but the 
container efi‘ect for survival was almost significant atweek 4 (P=0.054, Table 4.1). Overall mean 
control survival was 86% at Week four, and dropped to 68% by week ten (Table 4.1). Best survival 
was obtained in Imhoff settling cones (91%, weekfour), followed by sediment tests in beakers and 
water-only tests in flasks (84-8 8%, Table 4.2). Low survival in sediment tests in jars and water-only 
tests in beakers (75 -77%,) could be partly related to operator experience; these were among the first 
tests attempted in this laboratory. The average animal wet weight was 1.4 mg by week 4 and 3.8 
mg by week 10 (Table 4.1). Based on a dry to wet weight ratio of 0.19 (see section 5 below), this 
is equivalent to a dry weight of 0.26 and 0.72 mg at weeks four and ten respectively. The largest 

l.l



animals at four weeks were obtained in sediment tests with beakers (4:1 water to sediment ratio) or 

cones (1.7-1.8 mg, Table 4.2). Biomass was highest in the cone tests. Reproduction was not 

significantly different between water-only tests and sediment tests in beakers or cones, especially 

considering the high variability in this endpoint (see below). 

Four to eight replicates (orthree to six for a one-tailed test) are generally required to detect a 25% 
drop in survival, weight, or biomass. Since weight (W) and biomass (B) were both square-root 

transformed, a.25% drop in W or B is a larger value and more easily detected if W and B are large. 
Consequently, the number of replicates needed to detect an 25% change decreases from week 4 to 
week 10, as W and B increase (Table 4.1). Similarly, test conditions which result larger animals 

require fewer replicates (Table 4.2). The converse is true for survival. If control mortality is higher, 

then a change in log of mortality (the transformation used to normalize variances) is smaller and 

more difficult to detect. Consequently, more replicates are required to detect an LC25 at week 10, 
when overall survival is lower, than at week 2 or 4 (Table 4.1), and fewer are required in Imhoff 

settling cones where survival is high than in some of the other containers (Table 4.2). Overall, the 

number of replicates required is similar to that recommended in the EC Hyalella test method (2 5, 
EC 1997),.

1 

Reproduction is a much more‘variable endpoint than survival, growth or biomass. Reproduction in 

Hyalella, unlike Daphnia, is sexual and requires successful mating as well as survival and 

development of both sexes. This may contribute to the high variability. The number of replicates 
required to detect a 25% change in young produced in ten weeks is around 67 for a two-.tai_1ed test 
and 47 for a one-tailed test(Tables 4.1 and 4.2). This makes it unrealistic to estimate IC25s in most 

cases. A 50% change in reproduction can be detected with around 14 replicates (or 10 for a one- 
tailed test), and a 75% change in young can be detected using only about 5 replicates (Table 4.1). 
Consequently, reasonable endpoints using the EC Hyalella-test-method recommended number of 
replicates include the LC25, IC25 for growth and biomass, and IC75 for young production. 

The total number of animals present at the end of the test can be used as an endpoint if the second 

generation animals cannot be distinguished fi-om the survivors of the test animals added. The

12
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Table 4.1 Overall mean estimates of survival, wet weight, biomass and reproduction-, number of measurements‘, P value for test container efi'ect, 
mean square error and degrees of freedom for replicates, and number of ‘replicates per experiment‘ required to estimate an IC25, IC50 or IC75 for 
either a two-tailed (P=0.05) or a one-tailed (P=0.10) comparison. 

Endpoint units Transformation Week Back- 11 P MSE df F(l,df) n-IC25 n-IC50 n-‘IC75 
used transformed P=0.05 

mean 

Survival N/No log(mortality rate) 2 0.91‘ 174 0.502 0.0969 98 3.94 2.1 1.0 0.6 

Survival N/No log(mortality rate) 4 0.86 267 0.054 0.0901» 149 3.90 3.3 1.5 0.7 
Weight mg/N square root 4 1.39 188 0.017 0.0198 102 3.93 6.2 1.3 0.4 
Biomass mg/No square root :4 1.14 1887 . 0.013 0.0210 102 3.93 8.0 1.7 0.6 

Survival N/No ‘log(mortality rate) 10 0.68 79 0.938 0.0517 52 4.02 7.0 2.5 0.9 
Weight mg/N square roots 1.0 3.79‘ 77 0.057 0.0342 8 51 4.03 4.0 0.8 0.3 
Biomass mg/No square root 10 2.42 77 0.115 0.0368 51 4.03 6.8 1.4. 0.5 
Reproduction Y/No square root 10 2.49 78 0.566 0.3722 51 4.03 67.1 14.0 4.8 
Total Number TN/No square root 10 3.23 81 0.356 0.3131 53 4.02 43.4 9.1 3.1 

Endpoint Week 
. 

F (l,df) n-[C25 n-IC50 n-IC75 
' P=0.10 ‘ 

Survival 2 2-.76 1.5 0.7’ 0.4 

Survival 4 2.74 2.3’ 1.0 0.5 
‘Weight 4 2.76 4-.4 0.9 0.3 
Biomass 4 2.76 5.6 1.2 0.4 

Survival 10 2.80 4.9 1.7 0.7 
Weight 1-0 2.80 2.8 0.6 0.2 
Biomass 10 2.80 4.8 1‘.0 0.3 
Reproduction‘ 10 2.80 46.7 9.8 3.4 
Total Number 10 2.80 30.2 6.3 2.2
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Table 4.2. Estimates of survival, wet weight,“ biomass and reproduction by test container type, number of 
measurements, and number of replicates per experiment required to estimate an IC25, IC50 or IC75 for a two-» 
tailed comparison (P=0.05). 

Endpoint week Container Mean SE’ Back- 11 n-IC25 n-IC50 n-IC75 
transformed 

mean 

Survival 4 beaker -0.580 0.123 0.769 6 6.8 2.7 1.1 

Survival 4 flask -0.775 0.024 0.846 168 3.7 1.6 0.8 
Survival 4 jar -0.540 0.212 0.750 2 7.8 3.0 1.2 

Survival 4 beaker 10:1 -0.761 0.077 0.841 19 3.9 1.7 0.8 
Survival 4 beaker 4: 1 -0.897 0.043 0.881 48 2.7 1.2 0.6 
Survival 4 cone -1.047 0.064 0.914 24 1.8 0.9 0.5 
Survival 10 flask -0.415 0.031 0.681 60 7.1 2.5 0.9 
Survival 10 beaker 10:1 -0.422 0.058 0.685 19 6.9 2.5 0.9 
Weight 4 beaker 1.193 0.057 1.422 6 6.1 1.3 0.4 
Weight 4 flask 1.102 0.014 1.214 106 7.1 1.5 0.5 
Weight 4 jar 1.187 0.099 1.410 2 6.1 1.3 0.4 
Weight 4 beaker 10:1 1.051 0.050 1.105 8 7.8 1.6 0.6 
Weight 4 beaker 4:1 1.327 0.022 1.762 42- 4.9 1.0 0.4 
Weight 4 cone 1.302 0.030 1 .696 . 24 5. 1 1. 1 0.4 
Weight 10 flask 1.987 0.026 3.947 58 3.9 0.8 0.3 
Weight 10 beaker 10:1 1.826 0.047 3.336 19 4.6 1.0 0.3 
Biomass 4 beaker 0.992 0.059 0.985 6 9.3 2.0 0.7 
Biomass 4 flask 0.990 0.015 0.980 106 9.4 2.0 0.7 
Biomass 4 jar 1.015 0.102 1.029 2 8.9 1.9 0.6 
Biomass 4 beaker 10:11 0.940 0.051 0.883 8 10.4 2.2 0.7 
Biomass 4 beaker 4:1 1.211 0.023 1.468 42 6.3 1.3 0.4 
Biomass 4 cone 1.234 0.031 1.524 24 6.0 1.3 0.4 
Biomass 10 flask 1.589 0.027 2.525 58 6.-5 1.4. » 0.5 
Biomass 10 beaker 10:1 1.457 0.049 2.123 

__ 

19 7.8 1.6 0.6 
Reproduction 10 flask 1.61 1 0.083 2.595 60 64.4 13.5 4.6 
Reproduction 10 beaker 102:1 1.469 0.158 2.159 18 77.4 16.2 5.6 
Total Number 10 flask 1.843 0.083 3.397 60 41.3 8.6 3.0 
Total Number 10 beaker 10:1 1.658 0.156 2.749 19 51.0 10.7 3.7 
Total Number 10 cone 1.751 0.088 3.064 2 45.8 9.6 3.3



number of replicates required to detect a given reduction in final number is about two-thirds the 
numberrequired to detect the same percentage drop in young produced (Tables 4.1 and 4.2). 

4.2 Relative sensitivity of IC values for different endpoints 

The concentrations resulting in 25% mortality (LC25s) or 25% ‘inhibition of growth or biomas_s 
(IC25s), and the concentrations resulting in 75% reduction (for rationale, see above) in young 
produced (IC75s) were computed and compared at various test durations for all toxicant-addition 

experiments in order to obtain an indication of the relative sensitively of the difierent endpoints. 

The IC values were computed separately for each individual experiment. Replicates within each 

experiment were pooled. Survival and reproduction were computed by dividing the number of 

survivors or young produced by the number of animals added. The data were then made 
monotonic (ie. if survival, weight, biomass or reproduction at a given concentration was higher than 
at the next lower concentration, then the values were averaged over the two concentrations). The 
monotonic data were then divided by control values and compared to the log of the exposure 

cojncentration. The IC values were computed as the concentration at which plots of these data 
intersected 0.75 (IC25s) or 0.25 (IC75s). This method of computing IC values avoids any 

assumptions about the shape of the toxicity curve. It does not provide statistical information (e.g. 

slopes and confidence intervals) on individual IC values, but it allows computation of ICs from a 

minimum of data and provides the maximum number of independent IC estimates. In order to allow 
comparison of IC values fi'om many different test substances, all IC values for a given experiment 
were divided by the 4-week LC25 for that experiment (Appendix 2). A of the number, 

median, and range of IC/LC25 ratios computed is provided in Table 4.3. 

The median LC25 ranged from 1.62 (week 1) to 0.57 (week 10) times the 4-week LC25 (Table 4.3). 
A cumulative fiequency plot ofthe 2-week/4-week LC25 ratios is shown in Fig. 4.1. The highest 
value (36.5, Mn) appears to be an outlier, because the other experiment with the same toxicant gave 
a ratio of 1.14 (Appendix 2). The lowest value (0.62, Co) is also an outlier because other LC25 
ratios for this toxicant gave values of 0.99, 1.05 and 1.27 (Appendix 2). Most of the 2/4-week LC25 
ratios are very close to 1 (Fig. 4.1). The overall median was 1.19 and the 10 and 90"‘ percentiles 
were 0.99 and 2.17. (A 2-4—week LC25 ratio of‘<l (i.e. 2-week LC25<4-week.LC25‘) occurs if
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mortality rates in the control are slightly higher between weeks 2 and 4 than mortality in the 

exposure concentrations.) The 4-week LC25 is, therefore, 19% more sensitive than the 2-week 
LC25, and the 10-week LC25 is 43% more sensitive than the 4-week LC25, on average (Table 4.3). 

Table 4.3. Median and range of the ratios of the IC25 or IC75 to the 4-week for all available data on 
chronic toxicity to Hyalella 

Parameter Endpoint Week 11 Median 10th 90th Maximum 
percentile percentile 

Survival LC25 1 52 1.62 1.07 6.03 0.98 41.66 
Survival LC25 2 54 1.19 0.99 2.17 0.62 36.55 
Survival LC25 4 72 1 .00 1 .00 1.00 1.00 1.00 
Survival LC25 6 30 0.91 0.43 1.04 0.17 1.27 
Survival LC25 8 15 0.60 0.39 1.01 0.17 1.04 
Survival LC25 10 11 0.57 0.25 1.00 0.14 1.03 
Young IC75 8 16 0.90 0.30 1.84 0.16 2.16 
Young IC75 10 16 0.89 0.27 1.92 0.16 2.03 
Total number IC75 8 16 1.24 0.71 1.87 0.37 2.20 
(Adults + Young) 
Total number IC75 10 17 1.12 0.32 1.-92 0.23 2.10 
(Adults + Young) 
Weight IC25 4 29 0.84“ 0.47 1.85 0.09 5.24 
Weight IC25 6 8 1.00" 0.30 2.74 0.20 2.91 
Weight IC25 8 5 1.10‘ - - 0.53 1.84 
Weight IC25 10 5 0.58“ - - 0.24 1.62 
Biomass IC25 4 40 0.79 0.42 1.08 0.09 1.32 
Biomass IC25 6 19 0.84 0.28 1.06 0.15 1.61 
Biomass IC25 8 11 0.81 0.24 1.05 0.16 1.09 
Biomass IC25 10 11 0.39 0.14 1.07 0.14 1.10 

a-. Values for weights are underestimates because weights carmot be measured at 100% mortality.
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Fig. 4.1. Cuinulative frequency plot of the ratio of the LC25 at week 2», divided by the LC25 at ‘week 
4. The uppennost point is probably an outlier, and the lower three points are below 1.0 because 
mortality in the controls exceeded mortality in some of the treatments between weeks 2 and 4. 
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Fig. 4.2. _Cu_mulative frequency plot of the ratio of the IC25 for growth (final mean wet weight) at 
week 4, divided by the LC25 at week 4. The lowest two points are probably outliers.
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The IC25 for growth (final wet weight basis) was, on average, close to the LC25 (Table 4.3). A 
cumulative fiequency plot of the 4-week IC25/4-week LC25 ratios is shown in Fig. 4.2. Again, the 
two lowest values (0.09, Zn and 0.11, TBT) appear to be outliers because IC25/LC25 ratios in 
replicate tests were much higher (Appendix 2). The median for the computable 4-week.IC2-5/LC25 
ratios was 0.84 and the 10-90th percentile range was 0.47-1.85 (Table 4.3). These values are 

somewhat misleading, however, because final weight cannot be measured if all animals have died, 

and a 25% growth reduction was not observed in many experiments at the highestconcentration at 
which some animals survived. Of the 29 cases inwhich both the IC25 and LC25 could be calculated 
at week four, the IC25 was ‘<LC25 in 17 cases and >LC25 in 12. In 4 experiments the LC25 was 
below the lowest test concentration and in 4 other experiments the IC25 was below the lowest test 

concentrations. In 9 addition cases, the reduction in growth was <25% and examination 
of the raw data demonstrates that the IC25 was above the LC25. Overall, the IC25<LC25 in 21 
cases and the IC25>LC25 in 25 cases, even though the actual IC25/LC25 ratio cannot be computed. 
The true media IC25/LC25 is, therefore, above 1.0. A similar examination of the raw data at week 
10 indicates that the IC25 is above the 10-week LC25 in 15 cases (although just barely in one of 
these), and the IC25 is less than the LC25 in only one case (one of three experiments with T1). On 
average, growth is a less sensitive endpoint than survival, especially in 10-week exposures. 

Unlike growth, biomass can be determined at all test concentrations because animals do not need 

to be weighed if biomass=0, and IC25/LC25 ratios can be computed in 1.1 more cases than for 

growth at week 4 (Table 4.3). The 4 and 10-week IC25/LC25 ratios for biomass are slightly lower 
than the equivalent survival endpoints, demonstrating that a growth reduction does contribute to an 

overall biomass reduction in most cases. A cumulative frequency plot of the 4-week IC25/4-week 
LC25 ratios forbiomass is shown in Fig. 4.3. The two lowest values are outliers and correspond to 

the two low outliers in Fig. 4.2 for growth. Unlike growth, most of the IC25/LC25 ratios for 

biomass are below 1.0 (Fig. 4.3). However, the differences between the IC25 for biomass and the 

LC25s are not large, and median IC25s are equal to or above 0.69 times the LC25 for all exposure 
periods.

A 

Young production, like growth and biomass, was not drarnatically more sensitive than survival as 
an endpoint (Table 4.3, Fig. 4.4).. The median value of the 10-week.IC75 / 4-week.LC25 ratio was
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0.89, with a 10-90th percentile range of 0.27-1.92. In total, 16 IC75 / 4-week LC25 ratios were 
obtained for 10 different toxic substances. Of these 10, two substances had consistent ratios below 
1.0 (Table 4.4). The geometric mean of the ratios was 0.32 for ammonia and 0.38 for thallimn. 

Values less than 1.0 were also obtained in experiments with TBT and standard ocean water (SOW), 
butthese were single experiments only and could not be confirmed. Although reproduction in 10- 

week experiments is not, on average, a much more sensitive endpoint than survival in 4-week tests, 
there are clearly some toxic substances (eg. NH, and T1) which have IC75s which are about '3-fold 
lower than 4-week LC25s. Most IC75s are, however, greater than the 10-week LC25s. Although 

the total number of young produced by week 10 (mean of 3.39 young: per initial animal added in 

controls) is substantially larger than the number produced by week 8 (mean of 1.64 young per 

animal added in controls), it is worth notingthat 8-week IC75s are almostidentical to the 10-week 

IC25s (Table 4.4). Consequently experiments designed to measure reproductive effects could be 

terminated after 8, rather than 10 weeks. 

The total number ofanimals present at week 10 (adults + young) is almost as sensitive an endpoint 
as young alone, and can be used if growth of young is rapid and it is not possible to distinguish first 

and second generation animals. The IC75 for total number of animals at week 8, however, is less 
sensitive than at week 10, and does not pick up the reduction in reproduction observed with 

ammonia (Table 4.4). 

4.3 Performance criteria 

The EC Hyalella test method (EC 1997) recommends that test results be rejected if average control 
survival is <80% or average final dry weight in controls is <0.l mg for a 14 day sediment test. 
These criteria should probably be adjusted for‘ 28 day tests. Extending the 80% criteria from 14 to 
28 days gives a value of 64% (i.e. 80% X 80%). However, this may be lower than required. To 
provide an indication of average test performance, the 4-week survival and growth data for 

individual replicate testsvin Appendix 1 were pooled to compute average values per experiment. The 

percentage of values falling below a given survival or final wet weight are summarized in Table 4.5 

for the three most common test types: water-only tests in Erlenmeyer flasks, sediment tests in 
beakers, and sediment tests in Imhofi‘ settling cones. Data from two control experiments with
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Table~4.4. Ratios of the IC25- or IC75 to the 4-week LC25 for data on chronic toxicity to Hyalella in 10-week tests (extracted from Appendix 2). 

ExperimentTest Medium Container Survival Survival‘ Young Young Total Total Weight Weight Biomass Biomass 
number substance 

. number number 
' 

(Adults + (Adults + 
Young) Young) 

LC25 LC25 IC75 IC75 IC75 IC75 IC25 IC25 IC25 IC25 
week 2 week 10 week 8 week 10 week 8 week 10 week 4 week 10 week 4 week 10 

8 2525-PCB Water flask 1.04 0.98 1.84 1.92 1.87 1.92. - - 0.96 1.06 
48 Cu Water flask 2.50 0.67 1' .28 1.24 1.46 1.27 2.55 - 1.00- 0.70 
49 Cu Water flask. 1.97 - 1.10 1.27 1.28 1.30 1.63 1.62 0.79 - 

55 Hg . Water flask 1.04 -1.03 1.68 1.89 1.72 1.92 - - - 0.1.6 
14 NH3 Water flask 1.08 - 0.64 0.65 0.91 0.72 1.31 - - - 

15 NH3 Water flask 1.03 - 0.16 0.16 1.02 0.23 0.46 - 0.33 0.14 
84- Ni Sediment cone - - - - - 1.02 0.81 - 0.78 - 

52 Pb Water flask 0.83 0.93 2.16 2.03 2.20 2.10 1.69 - 0.62 0.79 
53 Pb Water flask 1.19 - 1.84 1.68 1.86 1.70 - - - A- 

54 Pb Water flask 1.02 0.98 1.64 1.72 1.69 1.72 - - 1.07 1.10 
19 SOW Water flask 1.33 0.57 0.66 0.66 0.94 0.73 - - - - 

87 TBT Sediment beaker - 0.37 0.31 0.35 1.56 1.36. - - 0.77 0.43" 
59 T1 Water flask 1.70 0.52 0.32 0.32 0.87 0.44 - 0.24 - 0.25 
61 T1 Water flask 1.32 0.14 0.29 0.26 0.37 0.30 0.73 0.58» 0.46 0.14 
62 T1 Water flask 2.28 - 0.65 0.65 0.69 0.68 - 0.63 - - 

50 Zn Water flask 1.26 0.46 0.71 0.66 0.91 0.77 0.09‘ - 0.09 0.39 
51' Zn Water flask 1 -1. 10 0.44 1.16 1.12 1.21 1.12. 1.13 0.48 0.84 0.32 

n 15 11 16 16 16 17 9 5 11 11 
Minimum 60.8 0.14 0.16 0.16 0.37 0.23 0.09 0.24 0.09 0.14 
Maximum 2.50 1.03 2.16 2.03 2.20 2.10 2.55 1.62 1.07 1.10 
Median 1.19 0.57 0.90 0.89 1.24 1.12. 1.13_ 0.58 0.78 0.39
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Severn Sound sediments were excluded from the summary. These were un-spiked controls for 

spiked-sediment experiments in beakers under static conditions. However, Severn Sound sediments 

cause a reduction in pH of overlying water if tested in beakers without water renewal (this problem 
is avoided in cones). These data are, therefore, not true control-sediment values and were omitted. 

Survival and growth of Hyalella in controls was generally better in sediment tests than in water-only 

tests (Table 4.5). The best results were obtained with Imhofi' settling cones, but the number of 

experiments conducted to date is low. If the 5"’ percentile is selected as a then a 

reasonable criteria for survival would be about 65% in water-only tests and 70% in sediment tests 
in beakers. The low number of experiments in Imhoff cones makes it difficult to estimate a criterion 

for these tests alone, but pooling beaker and cones test data suggests that the criterion could be 

raised to 75%. Similarly, a reasonable criterion for wet weight would be about 0.6 mg in water-only 
tests and 0.9 mg in sediment tests. Assuming a.dry/wet ratio of 0. 19 (see below), this is equivalent 
to dry weights of 0.11 and 0.17, respectively. These values compare reasonably well with the 5“‘ 

percentile values for Hyalella exposed to sediments from reference sites in the Great Lakes (74.7% 

survival and 0.22 mg dry weight, Day et al. 1995). 

Table 4.5. Percent of mean control values, per experiment below a given survival rate or final 
wet weight in four-week exposures. 

. Survival 
8 V Z 1 

Wet weight. 
. Sediment — 

Z 

Sediment 

P 
Water-only Sediment tests in 

Water-only Sediment tests in 
ercent tests in tests in Imhofi. Percent tests in tests in Imhofi. 

flasks beakers cones flasks beakers cones 

<80%S 33 28 0 <1 mg 38 18 7.7 
<75%S 19 8 0 <0.9 mg 30 0 7.7 
<70%S 10 4 0 <0.8 mg 20 0 0 
<65%S 5.7 0 0 <0.7 mg 18 0 0 
<60%S 2.9 0 0 <0.6 mg 2.5 0 0 

13 total number 70 25° 13 40 22" 

a. Omitting experiments 83.3 and 83.4 with Severn Sound sediments.’ 
8 8 
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4.4 Comparison of test endpoints: Summary and Conclusions 

1. The number of replicates recommended in the EC Hyalella test method (five or more, BC 1997) 
is sufficient to detect a 25% drop in survival and growth, Reproduction, however, is a highly 

variable endpoint; over 40 replicates would be needed to detect a 25% drop in the number" of young 
produced by week 10. A 50% drop in reproduction can be detected using about 10-14 replicates, 
and a 75% drop in reproduction can be detected using 5 replicates. An IC75 is, therefore, a more 
reasonable endpoint for reproductive effects than an IC25. 

2-. Terrninating a toxicity test at two instead of four weeks results in a modest decrease in sensitivity. 
The median 2-week LC25 is about 19% higher than the median 4-week LC25. By week 10, the 
median LC25 drops to 57% or the 4-week LC25. However, as exposure time, and hence also control 
mortality, increases, more replicates are needed to detect a 25% drop in survival, relative to the 
control (e.g. 7 replicates at week 10 compared to 4 at week 4, two-tailed test); 

3. Reproduction is not, on average, a much more sensitive endpoint than survival. The median 10- 
week IC75 for young production was 89% of the 4-week LC25, and higher than the 10-week LC25. 
For some contaminants (e.g. ammonia and thallium), however, the 10-week LC75 can be as much 
as 3 fold lower than the 4-week LC25. The total number of young produced by week 10 is about 
twice as high as at week 8, but the 8-week and 10-week IC75 values are ahnost identical. 
Reproduction tests can, therefore, be completed in 8 weeks. 

4. Growth (based on final weight) is generally less sensitive-than survival, and biomass is slightly 
more sensitive, but the differences are not large(e. g. IC25s for biomass are 20.69 times the LC25 s). 

5. A 75% reduction in the total number of surviving animals, (adults + young) at week 10 can be 
used as an endpoint instead of ‘ reproduction if growth of young is rapid and it is not possible to 
distinguish fust and second generation animals. A 75% reduction in the total number of surviving 
amma‘ 

' ‘Is at week 8 is, however, a less sensitive endpoint.
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6. Reasonable performance criteria for controls in 28-day sediment tests, based on. 5"‘ percentile 

values, are about 75% survival and 0.9 mgwet weight or 0.2 mg dry weight. Equivalent criteria for 
water-only tests would be about 65% survival and 0.6 mg wet weight. 

5. INITIAL SIZE OF TEST ANIMALS USED 

The EC Hyalella test method (EC 1997) recommends that 2-9 day old young animals be used to 
_ 

initiate sediment toxicity tests. This is a convenient age group because young are collected once a 

week, and then held for 2 days before use in toxicity tests. Comparison of the sensitivity of different 

age groups of young (0-2 day old up to 24-26 day old) to selected toxic substances (Cu, Cd, Zn, 

diazinon) suggests that there is little difference in the sensitivity of different ages of young in the 

first few weeks (U SEPA 1994). Although animal sensitivity may not vary significantly during the 
first week or two of life, variations in body size could potentially affect the sensitivity of growth 

estimates. If mostanirnals grow at-a similar rate, then a wider size range at the start of the test could 

result in a wider size range at test end. This could result in larger standard deviations for body size 

measurements requiring a larger growth reduction before statistically significant effects on growth 

are observed. An experiment was, therefore, conducted to test the hypothesis that a larger initial size 
range results in a larger final size range, and that test sensitivity for growth impairment can be 

improved by decreasing the initial size range. 

A standard 4-week chronic toxicity test (using Imhoff settling cones with fifieen 2-9 day old 
amphipods) was set up with reference (Hamilton Harbour) sedirnent. ‘There were three treatments 

with 8 replicates each. Treatment 1 contained amphipods passing through a 400 micron mesh nylon 
screen when first collected (0-7 days old). 'l‘reatment’2 contained amphipods passing through a 500 

micron mesh screen, but retained on a 475 micron mesh, and treatment 3 contained un-sieved 

animals of varying sizes. In initial tests (based on 5400 young amphipods), the fraction of 0-7 day _ 

old amphipods retained on 500, 475, 400 and 275 micron mesh screens after sequential screening 

was 0.314, 0.211, 0.317 and 0.157 respectively. Assuming a continuous production of young and 

constant growth, this suggests the amphipods in treatment 1 were 2-3 days old and those in treatment 

2 were 5-7 days old at the start of the experiment (2 days after collection and screening). The 

amphipods were fed 5 mg of ground Tetra-Min fish food flakes during the first and second week,
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7.5 mg the third week and 10 mg the fourth week. At the end of 4 weeks the amphipods were sieved 
from the sediments, counted and weighed collectively (i.e. total wet weight per test container). The 
amphipods were then dried and weighed individually. 

The initial screen size of the amphipods did not significantly (P=0.68) affect the final wet weight. 
The initially-smaller size animals weighed 1.35 mg and the initially-larger size weighed 1.41 mg 
after four weeks in sediment; the mixed group weighed 139 mg (Table 5.1). Furthermore, the 

standard deviations in the mixed group (0.093) were not larger than in the screened amphipods 
(0.099-0.203). 

Measurements of dry weights resulted in the same conclusions (Table 5.2). Furthermore, the 

conclusions were also the same if individual-animal dry weights were used in the calculations 
instead of the mean dry weight for each replicate (Appendix 3). There were no statistically 
significant differences in dry weights between replicate containers within any treatment group 
(P=0.49, nested ANOVA), and there was no significant sizeeffect across treatments (P=0.43). The 
overall mean dry weight per individual was 0.25 mg, 0.27 mg and 0.27 mg for the small, large, and 
mixed size groups. Furthermore, the overall standard deviation for the mixed size group (0.1 18) was 

Table 5.1. Mean wet weight (mg) of amphipods of different initial sizes afier four weeks 
in reference (Harnilton Harbour) sedirnents in Irnhoff settling cones. " " ’ 

Initial size (mesh sizecusea inisgren Eng) Replicate < 400 gm 475-.500 gm mixed sizes . 

1 1.27 1.40 1.20 
2 1.40 1.25 1.43 
3 11.52 1.12 1.-34 

4 1.45 1.46 1.45 
5 1.29 1.43 1.48 
6 1.33 1.27 1.41 
7 1.22 1.56 1.37 
8 1.31 1.77 1.48 

mean 1.35 1.41 1.39 
SD 0.0991 0.2030 0.0931
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Table Mean dry weight (mg) of amphipods of different initial sizes afier four weeks 
in reference (Hamilton Harbour) sediments in Imhoff settling cones. 

. Initial size (mesh size used in screening) . 

Replicate A ~ ~ » < 400 y._m 475-500 gin) mixed.sizes. . 

1 0.220 0.261 0.224 
2 0.267 0.238 . 0.274 
3 0.275 0.206 0.275 
4 0.277 0.275 0.281 
5 0.250 0.272 0.287 
6 0.257 0.243 0.258 
7 0.226 . 0.301 0.251 
8 0.239 0.375 0.293 

mean 0.251 0.271 0.268 
SD 0.0215 0.0504 0.0224 

not different from the screened amphipods (0.107-0.124, Appendix .3). The same conclusions were 

obtained using either dry weights directly, or square root transformed values. These results suggest 

that no benefit is gained in decreased final size range by screening animals used to initiate toxicity 

tests. 

There are at least two reasons for the lack of an apparent initial-screening effect on final size. First, 

it appears that variability in growth rates among individual amphipods contributes more to variation 
in final size than does variation in initial sizes. A second reason, however, relates to the shape of 
the growth curve, which was reconstructed fi'om several data sets. Combining the wet weight 

measurements (T able 5.1) with the dry weight measurements (Table 5.2), gives a mean dry‘/wet 
weight ratio of 0.19 (SD = 0_.007, n=24). The wet weights in Appendix 1 for amphipods in control 
treatments were, therefore, converted to dry weights by multiplying by 0.19. The initial age of the 

animals ranged from 1-8 days (experiments initiated on a Tuesday) to 4-11 days (experiments 

initiated on a Friday). Assuming an overall mean age at testinitiation of 6 days, the final mean ages 

were estimated as the week of measurement + 6/7 weeks. Some measurements of dry weights of 

newly released (0-1 day old) young, and dry weights at exact ages from 1-6 weeks were also 

available (Table 5.3, unpublished data). The combined data are shown in Fig. 5.1. A constant 
exponential growth rate would result in a straight line. However, the instantaneous growth rate of
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Fig. 5.1. Dry weight as a fimction of age in Hyalella in the laboratory. Vertical bars indicate 
:1: one standard deviation unit. Solid symbols are dry weight measurements at exact ages. Open 
symbols are wet weight measurements from Appendix 1 multiplied by 0.19 to convert to dry weight 
and age estimated as week + 6/7.. The curve is drawn from equation 1 in the text.
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Hyalella clearly drops with age. Assuming an initial dry weight of 0.012 mg (Table 5.3), a 

polynomial was fitted to the log transformed dry weight data by least squares. This gave 

dry weight (mg) = 0.012 + 0.004219 >< age -F 0.012158 >< age’ - 0.000607 X age’ (1) 

Equation 1 is valid up to about 12 weeks (Fig. 5.1). The value of equation 1 passes through a 

maximum of 0.79 mg at age 13.5 weeks and then decreases, which is unrealistic. Older animals in 
culture jars average about 5 mg wet weight (1 mg dry weight). From equation 1, the dry weights 
at 2 and 9 days (the recommended age range in EC 1977) are 0.0142 and 0.0362 mg, a 2.6 fold 
difference. By 28 plus 2 and 9 days (age range at the end of a 4-week test) the weights become 
0.206 and 0.284 mg, which is only a 1.4 fold difference. Thelslowing of the growth rate with age 

allows the younger animals to catch up partially with their older siblings, reducing the relative 

weight range with time. The variation in initial size range does not, therefore, contribute 

dramatically to the variation in final size range. When combined with variability in individual 
growth rates, this results in final sizes in four week tests which are relatively independent of the 
initial age or size range of the test animals (Tables 5.1 and 5.2 and Appendix 3). The practice of 

using 0-7 day old animals which are kept for one to a few days before test initiation appears to be 

acceptable. 

Table 5.3. Some measurements of dry weights of Hyalella of exact age. 

Age‘ (weeks) Dry weight (mg) 
' 

0 0.012, 0.011, 0.011, 0.013 
1 0.017, 0.020, 0.061, 0.065 
2 0.032, 0.045, 0.045, 0.037 
3 0.095, 0.181, 0.155, 0.177 
4 0.198, 0.460, 0.153
5 0.305-, 0.396, 0.317, 0.306
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6.. TESTING BRACKISH-WATER SAMPLES: THE SALINITY TOLERANCE OF 
DIFFERENT STRAINS OF Hyalella 

The EC Hyalella test method (EC 1997) suggests that Hyalella can be used for toxicity testing of 
brackish-water sediments as well as fresh-water sediments. Hyalella have been cultured and used 

successfully in tests with waters of 7-10 g/L salinity (Ingersoll et al. 1992, McGee et al. 1993), and 
short terms tests with adultshave been conducted at still higher salinities (N ebeker and Miller 1988). 
However, not all strains of Hyalella have the same tolerance to salinity. This places some 
restrictions on which strains can be used for testing ‘in various seawater concentrations. An example 
is given below. 

Hyalella used for most toxicity tests at CCIW originated from animals collected from a marsh in 
Valens conservation area near Hamilton, Ontario in 1985. Approximately 50 individuals of another 
population of Hyalella were collected by Dr. Marlene Evans from Redberry Lake near’ Saskatoon, 
Saskatchewan, in October 1996 and.shipped to Burlington_. Redberry Lake is a saline lake, so these 
animals were cultured in Burlington City tap (Lake Ontario) water to which 6 g/L of Instant Ocean® 
sea salts were added. Salinity tolerance experiments were conducted simultaneously on both strains 
of Hyalella in 1997. Two replicates of 20 animals each were set up at each test concentration, Test 
media consisted of varying mixtures of standard freshwater artificial media (SAM-5S, Borgmann 
1996) and standard ocean water (SOW). SOW was based on the seven most abundant salts used in 
AQUIL (i.e. NaCl (245 .3, all in g/10 L), Na¢S04 (40.9), Nal,-ICO3 (2), MgCl,o6H,O (1 1 1), 
CaCl,.o2H,O (15.4), KCl (7) and KBr (1)), but omitting NaF, H,BO, and SrCl, which are present at 
<0.1 g/L (Morel etal. 1979). The same major ions are present in SOW and SAM-5S, but in different 
amounts. 

Hyalella fi'om Valens tolerate salinities of up to 2.3 g/L well (Table 6.1.). At 4.1 g/L, survival was 
reducedto 75% by week 4 and reproduction was Survival was only 2.5% at 10.4 g/L after 
four weeks. Hyalella from Redberry Lake, on the other hand, survived and reproduced best at 5.5- 

7.6 (Table 6.1). Afier four weeks, survival was 88% at 10.4 g/L and 70% at 14.7 g/L. Redberry 
Hyalella did very poorly in Lake Ontario water without added salts (32% survival at week 4 and 
very few young). F our-week survival values greater than 8.0% were obtained atsalinities of 4. 1 -1 0.4
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g/L for Redberry animals compared to 0.5-2.3 g/L for Valens animals (Table 6.1). Clearly, Redberry 

Hyalella would be much better test organisms than Valens animals for Brackish water sediments 
with overlying water salinities above 3 

Table 6.1. Survival and reproduction of two strains of Hyalella at different salinities. 

Salinity (g/L) Percent Percent Percent Percent Young per 
survival survival survival survival initial animal 
week 4 week.6 week 10 week 15 added 

Valens Hyalella 
0.52 ' 90.0 87.5 85.0 82.5 10.3 
0.96 97.5 97-.-5 90.0 77.5 7.4 
1.41 87.5 85.0 80.0 62.5 6.0 
2.29 82.5 77.5 72.5 57.5 5.7 
4.07 75.0 70.0 22_.5 10.0 0.1 
5.49 55.0 42.5 20.0 5.0 0 
7.62 40.0 32.5 2.5 0 0 
10.45 2.-5 2.5 0 0 0 
14.71 0 0 0 0 0 
20.39 0 0 0 0 . 0 

Redberry Hyalella 
0.52 32.5 32.5 30.0 27.5 0.3 
0.96 42.5 30.0 25.0 25.0 0 
1.41 67.5 65.0 52.5 45.0 1.1 

2.29 75.0 67,5 62.5 45.0 1.4 
4.07 95.0 87.5 72.5 25.0 1.5 
5.49 92.5 90.0 82.5 57.5 5.5 
7.62 97.5 80.0 60.0 27.5 4.2 
10.45 87.5 87.5 50.0 5.0 0.3 
14.71 70.0 70.0 52.5 17.5 0

0 20.39 0 0 0 0 

Although Hyalella from both Valens and Redberry Lake key out to H. qzteca using standard 

taxonomic keys, it is highly probable that these are different species. Redberry animals are 

substantially larger than Valens animals and require longer to reach reproductive maturity (first 

young obtained at week 9, compared to week 6 for Valens). The young are also larger (all retained 

on a 363 micron mesh screen, whereas some 0-1 week old Valens young will pass through this size
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mesh), Redberry animals have up to four prominent spines (dorsal mucronations) on their backs 
compared to two among most Valens animals. Redberry Hyalella also have a_ lower light 

requirement. They can be cultured without a direct overhead light, whereas cultures of Valens 

Hyalella do much better with overhead lightingand a greenish tinge (i.e. algal growth) in the water. 
Redberry animals also consume cotton gauze more voraciously. Strips of cotton gauze added as 

substrate often disappear completely in two weeks in containers with Redberry amphipods, but 

remain intact much longer in the presence of Valens animals, In one test conducted at intermediate 
salinities, males and females appeared to actively avoid members of the opposite sex when placed 
together with individuals of the other strain (personal observation). Taken together, these traits 
suggest that these are two different species. Regardless oftheirltaxonornic status, it is clear that the 

strain of ‘Hyalella used needs to be selected carefully when conducting tests at higher salinities. 

7. CONCLUSIONS 

Hyalella is one of the most widely used freshwatertoxicity test organisms in North America, both 

for water-only and for sediment tests. It can be used in tests ‘with both natural waters and artificial 

(reconstituted) media, but bromide must be present in artificial media. Although used mainly for 

fieshwater tests, Hyalella can also be used for testing estuarine samples, but the strain (or species) 

of Hyalella must be selected carefully. The salinity tolerance varies between strains. Chronic 

toxicity tests with sediments are simpler and easier to do using Imhoff settling cones instead of 

beakers, especially for sediments which cause deterioration of overlying water quality in static tests 

with beakers. The larger water to -sediment ratio in tests with cones often negates the need for 
renewing overlying water during chronic tests. It also provides a large (1 L) volume of water at the 

end of the test for conducting chemical analysis of substances leached into the overly-water. When 
compared to ipreviouslyedetermined water concentrations causing toxicity, this can help identify the 

cause of toxicity in sediment tests. 

The choice of test duration and endpoint (e.g. survival and/or growth versus reproduction) depends 

on the resources available to the researcher, the sensitivity required, and on the number of tests 
which need to be conducted. At least 4-6 replicates are required to determine a 25% change ‘in 
survival or growth (4-week test), or a 75% drop in reproduction (V8-10 week test). Approximately
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.10-14 replicates are to determine a 50% decrease in reproduction, and over 45 replicates 
to determine a 25% decrease. The IC75 for reproduction afier 8-10 weeks is usually not markedly 
more sensitive than the LC25 in a four week test, but it is about three fold lower than the LC25 for 
selected substances. The median two-week LC_25 is about 19% higherthan the four week LC25. 
Tests can be conductedusing 0-7 day old animals which are kept for one to a few days before test 

initiation. Selection of a narrower age or size range-does not seem to be necessary. This does not 

greatly affect sensitivity to test substances or significantly reduce variability in final body sizes. 
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48 - 55 Borgmann, U., W.P. Norwood and C. Clarke. 1993. Accumulation, regulation and toxicity of copper, zinc, lead and 

mercury in Hyalella azteca. Hydrobiologr 259: 79-89. . . _
- 
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82 - 83 Eorgrnarm, U. and W.P. Norwood. 1999. Assessing the toxicity of lead in sediments to II-Iyalella azteca: the 
of bioaccumulationand dissolved metal. Can. J. Fish..Aquat. Sci. 56: 1494-1503. 

83.1 - 86 Borgrnann, U.,.R. Néron, and W.P. Norwood. 2001. Quantification of bioavailable nickel in sediments and toxic 
thresholds to Hyalella azteca. Environ. Poll. 11 1: 189-198. 

87 - 89 A. Bartlett, unpublished data on rrominal concentrations) . _ 

90 Borgmarrn, U., and M. Munawar. 1989. A new standardized sediment bioassay protocol using the amphipod Hyalella 
azteca’ (Saussure). Hydrobiologia 188/ 1 89:425-43 1. 

91 - 103 Borgmann, U., and W.P. Norwood. 1993. Spacial and temporal variability in toxicity of Hamilton Harbour sedirnents: 
Evaluation of the Hyalella azteca 4 week chronic toxicity test. J. Great Lakes Res. 19: 72-82. 

108 - 111, Borgmann, U., W.P. Norwood, TB. Reynoldson, and F. Rosa. 2001. Identifying cause in sediment assessments: 
1 13 bioavailability and the Sediment Quality Triad. Can. J. Fish. Aquat. Sci. 58:950-960. 

Borgmann, U.-, T.A. Jackson, T.B. Reynoldson and F. Rosa, 1998. Interim Report on the-effects of'atr“nospheric. 
deposition of metals from the Sudbury Smelters on aquatic benthic ecosystems. NWRI Contribution No. 98-230 
Borgmann, U., T.B. Reynoldson, F. Rosa and W.P. Norwood. 2001. Final Report ‘on the effects of atmospheric 
deposition of metals from the Sudbury smelters on aquatic ecosystems. NWRI Contribution No. 01-023 
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Appendix 1-. Survival-, growth and reproduction of’Hyala|la In control treatments. (See and of Appendix 1 for columnvoodes.) 
_Exp Te§_t Type Con. wa1s_r Wee_k_s N0 N1 N3 N4. N6 N3 N10 w4 w3 w3 w10 34 39 310 Y8 Y10 NT10 

1 ca ws bk: TAP 3 22 22 21 21 13 2.05 2.31 1.93 2.13 
2 ca ws bk: TAP 3 40 33 34 20 14 0.37 1.34 0.33 0.47 
3 ca ws bkr TAP 3 20 13 13 1.7 14 1.29 2.09 1.10 1.47 
4 ca ws bkr TAP 3 23 23 25 23 20 2.22 3.35 1.32 2.39 
5 PCP ws bkr TAP 3 41 33 33 34 31 1.59 2.53 1.32 1.91 
3 PCP ws bkr TAP 3 23 23 20 5 5 1.04 1.93 0.19 0.35 
7 2525-PCB ws flask. TAP 3 20 20 20 19 13. 2.53 3.72 2.43 3.35 
7 2525-PCB ws flask TAP 3 20 20 19 17 12 2153 4.03 2.13 2.451 
7 2525-PCB ws flask TAP 3 20 19 19 19 19 2.39 3.07 2.27 2.92. 
7 2525-PCB ws flask TAP 3 20 19 19 17 15 2.57 2.95 2.13 221 
3 2525-PCB- ws flask TAP 10 20 20 19 13 15 15 15 2.42 3.33 4.32 5.52 2.13 2.54 3.47 4.14 111 191 203 
3 2525-PCB ws flask TAP 10 20 20 19 17 13 15 12 1.34 3.15 4.37 5.15 1.53 2.52 3.23 3.09 119 194- 203 
3 2525-PCB ws flask TAP 10 21 21 21 19 15 12 11 2.17 3.13 4.20 5.13 1.93 224 2.40 2.39 31 34 75 
3 2525-PCB ws flask TAP 10 20 20 20 20 13 15 15 2.12 3.00 3.73 4.94 2.12 2.70 2.34 3.71 107 153 17.3 
9 3434-PCB ws flask TAP 10 20 1_3- 13 13 1,3 13 14 0.31 1,43 2.70 4.02 0.73 1.33 2.43 2.31 15 53 37 
9 3434-PCB ws flask TAP 10 20 20 19 13 13 13 15 0.73 1.14 2.07 2.39 0.32 0.91 1.33 2.17 3 33 43 
9 3434-Pc3 ws flask TAP 10 20 13 13 1,7 13 12 10 0.52 0.94 1.39 2.72 0.44 0.31 1.13 1.33 3 19 29 
9 3434~PCB ws flask TAP 110 20 1,3 13 13 13 13 15 0.71- 2.93 3.73 4.32 0.34 2.33 3.33 3.47 17 57 72 
10 3434—Pc3 ws flask TAP 10 20 19 13 13 14 11 9 1.53 2.95 4.31 3.33 1.42 2.07 2.37 2.33 5 5 14 
10 3434-Pca ws flask TAP 10 20 1'9 19 13 13» 13 13 1.51 2.31 3.07 3.33 1.33 2.09 _2.43 2.90 35 133 134 
11 3434-PCB ws flask TAP 10 20 20 19 13 13 1.7 15 1.20 3.10 3,73 1.03 2.34 2.32 32 137 152 
11 3434-PCB ws flask TAP 10 20 19 19 19 19 19 17 0.99 3.00 3.95 0.94 2.35 3.33 35 147 134 
11 3434-Pc3 ws flask TAP 10 20 19 13 1'3 13 13 15 0.51 1.33 1.33 0.41 1.09 1.37 1 1- 13 
11 3434-Pca ws flask TAP 10 20 20 19 19 13 17 13 1.22 2.73 3.33 1.13 2.32 3.10 32- 45 31 
12. 3434-PCB ws flask. TAP 10 20 20 20 20 19 13 13 4.03 3.35 23 47 35 
12 3434-PCB ws flask TAP 10 20 13 13 13 13 17 13 1.73 1.33 13 33 49 
12 3434-PCB ws flask TAP 10 20 20 19 19 1_9 13 13- 4.23 3.33 43 53 73 
13 NH3 ws flask TAP 4 13 14 14 14 2.39 2.09 
13 N1-13 ws flask TAP 4 13 14 14 12 3.02 2.23 
14 NH3 ws flask TAP 10 20 19 20 20 1.7 13 12 253 3,22 4.33 5.07 2.53 2.74 3.33 3.04 27 30 42 
14 NH3 ws flask TAP 10 20 13 13 1.7 14 14 12 2.59 3.37 3.97 4.33 2.20 2.33 2.73 2;90 43 35 77 
15 NH3 ws flask TAP 10: 20 20 13 17 17 15 15 2.35 2.33 3.39 4.25 2.00 2.45 2.77 3.19 12. 55 70 
15 NH3 ws flask TAP 10 20 19 19 19 17 15 14 2.14 3.33 3.93 5.13. 2.04 2.33 2.95 3.31 27 42 53 
13 EDTA ws flask TAP 4 20 13 12 12 1.03 0.32 
13 EDTA ws flask TAP 4 20 19 19 17 0.43 0.41 
13 EDTA ws flask TAP 4 20 13 14 14 1.14 0.30 
17 EDTA ws flask TAP 4 20 20 17 14 0.31 0.43 
17 EDTA ws flask TAP 4 20 20 19 17 0.31 0.39 
17 EDTA ws flask TAP 4 20 13 13 19 0.34 031 
13.1 AM wc flask sAM 10 20 13 13 13‘ 13 15 14 3.03 4.13 2.43 2.39 74 34 93 
13.1 AM wc flask sAM 10 21 21 20 19 17 14 13 2.30 4.33 2.27 2.90 9 14 27 
13.1 AM we flask sAM 10 20 19 19 17 14 14 14 2.75 4.47 1.93 3.13 14 .40 54 
13 AM we flask TAP 10 22 22 21 19 19 14 13 2.97 4.75 2.57 2.31 50 99 112 
13 AM wc flask TAP 10 20 13 13 17 17 15 15 3.29 4.13 2.30 3.10 3 3 21 
13 AM wc flask TAP 10 20 13 13 13 13 17 13 3.13 4.23 2.33 3.41 ‘30 54 70 
19 sow ws flask sAM 15 20 13 13 13 17 17 17 23 73 90 
19 sow ws flask sAM 15 20 19 19 13 13 17 17 13 42 59 
20 IO ws flask TAP 4 20 -19 19 -19 
20 no ws flask TAP 4 20 20 20 19 
21 1o ws flask TAP 4 20 19 19 13 
21 -1o ws flask TAP 4 20 20 20 11
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Appendix 1. Survival, growth and reproduction of I-lyalella In control treatments. (See end of Appendix 1 for column codes.) 
_E_xp Test Type com. wag Wee_k_s N0 N1 N2 N4. N6 N8 N10 w4 w6 w9 w10 B4 B6 99 910 v9 v10 NT1O 

22 no ws flask AM 4 20 19 19 15 
22 IO ws flask AM 4 20 17 1-7 17 
23 no ws flask AM 4 20 20 20 19 
23 no =ws flask AM 4 20 20 19 16 
24 M9804 ws flask TAP 4 20 17 11 9 
24 Mgso4 ws flask TAP 4 20 19 12 9 
25 Mg'SO4 ws flask TAP 4 20 19 19 13 
25 Mgso4 ws flask TAP 4 20 20 19 17 
26 Mgso4 ws flask TAP 4' 20 17 16 10 
26 Mgso4 ws flask TAP 4 20 20 19 16 
27 Mgso4 ws flask AM 4 20 19 19 17 
27‘ M9804 ws flask AM -4 20 20 19 19 
29- Mgso4 ws flask AM+KCL 4 20 20 20 19 
29 Mgso4 ws flask AM+KCL 4 20 20 19 15 
29 Hurnicsaoid wc flask TAP 10 20 19 19 19 17 16 16 1.39 9.46 9.99 3.52 1.25 2.94 9.11 2.91 96 59 69 
29 Humic-add wc flask TAP 10 20 20 20 17 16 12 11 1.33 9.09 9.22 9.27 1.13 2.46 1.99 1.90 26 99 44 
29 Humic-add wc flask TAP 10 20 14 11 9 9 9 6 1.67 2.97 2.96 9.99 0.75 1.29 1.06 1.19 9 27 93 
29 1-1um1c=aa1d wc flask TAP 10 20 20 20 20 17 10 9 1.69 2.59 2.69 9.76 1.69: 2.20 1.34 1.69 20 99 42 
30 Humic-add wc flask TAP 6 20 19 19 17 15 1.44 2.79 1.22 2.09 
30 Hurnlc-add wc flask TAP‘ 6 20 19 19 19 16 1.44 9.13 1.90 2.50 
91 Humasaccd wc flask ‘TAP 9 20 19 19 17 16 16 1.50 2.40 9.60 1.29 1.92 2.99 51 
91 Humic-add wc flask TAP 9 20 19 17 15 19 10 1.40 2.60 9.50 1.05 1.69 1.75 21 
92 Humic-acid wc flask TAP‘ 9 20 20 19 14 14 10 1.50 2.90 9.40 1.05 2.09 1.70 2 
92 Humlciacid wc flask TAP 9 20 19 17 14 14 12 1.50 2.90 9.10 1.05 2:09 1.96 6 
33 Humic:|ake9 wc flask TAP 10 20 15 15 15 11 10 10 0.90 2.50 9.20 4.90 0.68 1.99 1.60 2.15 4 5 15 
99 Humiclakes wc flask TAP 10 20 20 19 19 16 16 15- 1.50 2.40 -9.30 3.30 1.95 1.92 2.64 2.49 9 21 96 
34 Hum1c»Iakas wc flask TAP 10 20 19 17 14‘ 19 10' 10 0.70 1.70 1.50 2.60 0.49 1.11 0.75 1.90 9 11 21 
94 Humic.-lakes wc flask TAP 10 20 17 17 17 17 14 19 0.60 1.90 2.70 3.90 0.51 1.11 1.99 2.15 19 24 97 
35- Humiolakes wc flask TAP 6 20 20 19 17. 16 0.90 2.90 0.77 2.09 
35 Humiclekes wc flask TAP 6 20 19 19 19 16 1.00 2.10 0.90 1.69 
36 Humiauakss wc flask TAP 6 20 19 17 15 14' 1.10 1.90 0.93 1.93 
96 Humiolakes wc flask TAP 6‘ 20 16 16 16 12 0.60 1.40 0.49 0.94 
97 Humic lakes wc flask TAP 6 20 19 19 17 15 1.90 9.90. 1.91 2.49 
97 Humiczlakes wc flask TAP -6 20 17 17 16 15 1.40 2.50 1.12 1.99 
37 Humiclakes wc flask TAP 6 20 20 20 15 15 1.40 1.00 1.05 0.75 
97 Humiclakes wc flask TAP 6 20 19 17 17 16 1.90 1.40 1.11 1.12 
99 can ws flask TAP 6 20 19 19 17 17 - 

99 cu ws flask TAP 6 20 19 17 17 17 
99 cu ws flask TAP 6 20 19 19 19 19' 

40 Cd ws flask TAP 6 20 18 14 14 13. 
41 ca. ws flask HA-20myL 6 20 17 17 15 15 
41 cu ws flask HA-,20mgIL 6 20 19 19 19 17 
42 cu ws flask HA-20mgIL 16 20 19 19 19 19 
43 ca ws flask HA-20mgIL 6 20 20 20 20 15 
43 cu ws flask HA-.20mgIL 6 20 19 19 19 19 
44 ca ws flask‘ EDTA-0.5uM 6 20 ‘16 16 15 :15 
44 cu ws flask EDTA-0.5uM 6 20 19 16 16 15 
45 ca ws flask EDTA-0.5uM 6 20 20 20 20 20 
45 ca ws flask EDTA-0.5uM 6 20 20 20. 20 20 
46 cu ws flask 90%-nw 6 20 17 17 17 15‘ 

46 ca ws flask. sossow 6 20 19 16 16 12
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Appondlx 1. Survival, growth and raproductlon of Hyalella In control treatments. 1% Test Type Cont. W_a_IL Weeks- 
47 Cd WS flask 90%DW 6‘ 

47 Cd WS flask 90%DW 6' 

43 Cu WS flask TAP 10 
48 Cu WS flask TAP 1,0 
49 Cu WS flask TAP 10 
49 Cu’ WS flask TAP 10 
50 Zn WS flask TAP 10 
50 Zn WS flask TAP 10 
51 Zn WS flask TAP 10 
52 Pb WS flask‘ TAP 10 
52 Pb WS flask TAP 10 
53 Pb WS flask TAP 10 
53 Pb WS flask TAP , 1,0 
54 Pp ‘ws flask TAP 10 
54 Pb WS flask TAP 10 
55 H9 WS flask TAP 10 
55 H9 WS flask TAP 10 
56 TBT WS flask TAP 4 
56 TBT WS flask TAP 4 
56 TBT WS flask TAP 4 
157 TBT WS flask TAP ' 4 
57 TBT WS flask TAP 4 
57 TBT WS flask TAP 4 
58 TBT WS flask» TAP 6 
58 TBT WS flask TAP 8 
58 TBT WS flask TAP 8 
59 TI WS flask TAP 10 
59 11 WS flask TAP 10 
59 TI WS flask TAP 10 
60 TI WS flask TAP 6 
60 TI WS flask TAP 6 
60 11 WS flask TAP 6 
61 TI WS flask TAP 10 
61 TI W3 flask TAP 10 
61» TI WS flask TAP 10 
62 TI WS flask TAP 10 
62 TI WS flask TAP 10 
63 TI WS flask TAP 6 
64 TI WS flask AM-no K -5 

64 TI WS flsk AM—no K 5 
64 TI WS flask AM‘-no K -5 

65 Cr WS flask TAP 4 
65 CI’ WS flask TAP 4 
65 Cr WS flask TAP 4 
66 Cr W8‘ flask ‘TAP 4 
66 Cr WS flask TAP 4 
66 Cr WS= flask TAP 4 
67 As‘ WS flask TAP 4 
67 As WS' flask TAP 4 
67 As WS flask "TAP 4 
68 As WS flask TAP 4 

3883883888 

888883E‘33B88B8B88888388§

8 

3BB888888'é’8¥3B88'888 

N1 
19 
19 
19 
20 
19 
11 
19 
19 
20 
19 
2o 
20 
20 
19 
19 
-19 
19 
11 
19 
15 
.20 
20 

19.5 
20 
20 
20 
19 
19 
20 
11 
19 
19 
19 
19 
19 
19 
20 
19 
:20 
22 
20 
20 
19 
19 
20 
19 
19 
19 
19 
19 
19 

(See and of Appendix 1 for column codes.) 
N2 N4 N9 N8 N10 w4 we w9 w10 94 99 .99 910 Y8 v10 NT1O 
19 19 11 
19 19 19 
19 14 11 10 1 0.54 1.52 .2.54 3.23 0.39 0.94 1.21 1.13 19 44 51 
20 19 11 12. .9 0.99 1.55 2.13 3.93 0.91 1.32 1.94 1.12 9 12 21 
15 14 13 13 12 1.91 2.92 3.99 4.93 1.13 1.94 2.40 2.90 19 99 90 11 19 19 19 15 1.39 2.31 3.49 4.22 1.10 1.90 2.19 3.11 92 149 193 
19 19 15 14 13 0.12 1.11 2.01 3.91 0.94 0.99 1.45 2.39 22 90 13 
19 19 19 19 14 0.59 1.29 2.93 4.00 0.52 1.02 2.11 2.90 2 25 39 
19 15 14 11 11 1.11 1.91 2.95 3.54 0.99 1.21 1.51 1.95 12 21 39 
19 19 11 10 10 1.09 1.95 2.30 2.91 0.91 1.02 1.15 1.41 19 39 49 
20 19 11 11 14 0.53 1.34 1.93 2.91 0.49 1.14 1.59 2.09 20 59 10 
19 19 13 12 12 1.34 1.99 2.55 4.23 1.21 1.21 1.53 2.54 41 114 129 
19 19 11 19 14 2.09 3.14 4.29 1.15 2.51 3.00 13 192 209 
19 19 15 15 13 0.55 1.95 2.29 3.15 0.50 1.24 1.10 2.05 31 19 92 
'19 19 15 15 15 0.15 1.99 2.95 3.51 0.99 1.29 2.14 2.99 12 29 44 
19 19 19 19 15 1.90 2.90 3.91 1.11 2.52 2.99 9 32 41 
19 19 19 15 14 1.91 2.99 4.09 1.50 2.22 2.99 29 94 19 
13 11 0.99 0.39 
11 :9 0.44 0.20 
15 11 0.50 0.29 
19 15 1.15» 0.99 
19 14 1.93 1.29 

19.5 14 2.01 1.45 
20 15 12 9 0.99 0.91 
19 19 19 13 1.91 1.34 
19 15 10 -9 1.34 1.00

1 1114131312 1.91 3.93 1.09 :2.19 1 91 13 
15 13 10 10 9 1.12 4.90 ‘0.99 2.01 2 15 24 
20 19 13 12 9 1.90 3.93 1.11 1.94 3 3- 12 
1119.5 12 
19 15 15 
19 14 14 A 

19 19 14 11 10 1.59 3.22 4.95 5.99 1.29 2.29 2.12 2.99 94 95 105 
19 19 19 19 15 1.92 3.22 4.00 4.11 1.94 2.90 3.20 3.13 190 291 292 
14 14 14 11 11 2.91 3.14 .3.95 2.01 1.13 2.12 12 121 132 
19 11 19 14 12 2.41 -3.93 1.93 2.30 19 22. 34 
20 19 19 19 19 2.91 4.11 2.91 3.90 93 135 154 
11 19 15 1.23 0.92 
11 11 
19 19 
15 14 
19 14 0.10 0.49 
1.5 14 1.05 0.14 
15 11 0.90 0.44 
19 19 0.93 0.19 
19 19 1.14 1.03 
19 19 1.99 1.35 
19 15 1.23 0.92 
19 15 1.01 0.19 
11 15 1.01 0.90 
15 14 1.09 0:11
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Appendix 1. survival. growth and reproduction of I-iyalella In control treatments. (See-and of.Appendlx 1 for column codes.) 
Exp Tes_t Type cont. w_arg wee_k__s N0 ‘N1 N2 N4 N6 N8- N10 w4 W6 W8 W10 84 B6 88 B10 Y8 Y10 NT10 
68 As ws flask ‘TAP 4 20 18 15 14 1.34 0.94 
68. As ws flask TAP 4 20 16 16 14 1.09 0.76 
69 CONO3 WS flask TAP 4 20 19 19 17 0:96 0.82 
69 coNo3 ws flask TAP 4 20 18 17 16 1.38 1.10 
70 CoNO3 ws flask TAP 4 20 18 17 16 1.49 1.19 
70 coNo3 ws 

V 

flask TAP 4 20 12 12 11 1.79 0.99 
71 CoCi2 ws flask ‘TAP 4 20 2 20 18 1.71 1.54 
71 CoCl2 WS flask TAP 4 20 17 18‘ 17 1.25 1.06. 
71 CoCl2 ws flask TAP 4 20' 18 17 17 1.64 1.40 
72 cocI2 ws flask TAP 4 20 17 17 16 1.17 0.94 
72 cocI2 ws flask TAP 4 20 19 18 17 0.49 0.42 
72 CoCI2, ws flask TAP 4 20 19 19 19 1.41 1.34 
73 CoC12 WS flask TAP 4 20 20 20 14 0.57 0.40 
73 CoC12 ws flask TAP 4 20 16 16 11 0.65 0.36 
73 C002‘ WS flask TAP 4 20 17 15 13 0.65 -0.42 
74 Mn WS flask TAP 4 20 19 16 16 1.07 -0.86 
74 Mn ws flask TAP 4 20 20 19 18 1.08 0.97 
74, Mn’ WS flask TAP 4 20 19 19 18 1.27 1.14 
75 Mn ws flask TAP 4 20 17 16 12 0.49. 0.30 
75‘ Mn ws flask TAP 4 20 16 15 15 1.47 1.10. 
75* Mn ws flask TAP 4 20 17 15 15 0.87 0.66 
76 Cd ss bkr-4 TAP 4 20 14 
76 ca ss pk:-1 TAP 4 20 16 
77 Cd ASS bkr-4 TAP 4 20 17 
77 Cd SS bkr-4 TAP 4 20 17 
78 cu, ass bkr-4 TAP 4 20 18 0.87 0.78. 
78 Cu» SS bkr-4 TAP 4 20 19 0.97 0.92 
79 Cu SS bkr-4 TAP 4 20 16 0.99 0.79 
79 cu. ss bkr-4 TAP 4 20 1 20 0.85 0.85 
80 Zn -ss bkr-4 TAP 4 20 18 0.87 0.78 
80 Zn ‘SS bkr-4 TAP 4 20 19 0.97 0.92 
81 211 SS bkr-4 TAP 4 20 16 0.99 0.79 
81 Zn SS bkr-4 TAP 4 20 20 0.85 0.85 
82' Pb SS cone TAP 4 15 15‘ 1.81 1.81 
83 Pb SS cone TAP 4 20 16 1.18 0.95 
83 Pb SS cone TAP 4 20 19 1.53 1.45" 
83.1 Ni -SS bkr-4 TAP 4 20 16 1.95 1.56 
83.1 Ni SS bkr-4 TAP’ 4 20 19 10.81 0.77 
83.2 Ni SS bkr-4 TAP 4 20 18 1.65 1.48 
83.2 Ni ‘SS bkr-4 TAP 4 20 19 1.96 1.86: 
83.3 Ni =ss bkr-4 TAP 4 20 9 -0.91 0.41 
83.3 Ni SS bkr-4 TAP 4 20 7 0.54 0.19 
83.4 Ni SS bkr-4 TAP 4 20 10 0.84 0.42 
83.4 Ni SS bkr-4 TAP 4 20 13 0.83 0.54" 
83.5‘ Ni -85 bkr-4 TAP 4 20 20 1.91 1.91 
83.5 ‘Ni ss bkr-4 TAP 4 20 19 1.86 1.77 
83.6» Ni SS bkr-4 TAP 4 20 19 2.07 1.97 
-83.6 NI -ss bkr-4 TAP 4 20 -18 2.26» 2.03 
84 ‘Ni ss cone TAP 10 15 12 1.53 1.23 95‘ 
84 Ni =SS cone TAP 10 15 13 2.25 1 .95‘ 24 
85 Ni -ss cone TAP 4 15 14 3.18 2.97
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Appendlx 1. Survival, growth and reproduction of Hyalella In control treatments. (See and of Appendix 1 for column codes.) 
_E_xg Tast Type cont. Watgg Weeks N0 N1 N3 N4 N6 N_6 N10 w4 w6 we w10 6; B6 B_8_ B10 YB v10 NT10 

65 Ni ss cone TAP 4 15 13 2:28 1.97
' 

66 _Ni ss cone TAP 4 16 16 1.16 1.16 
66 Nl ss oona TAP 4 15 14 0.62 0.77 
67 TBT ss out-10 TAP 10 20 12 7 7 1.13 3.49 4.65 0.66 1.22 1.63 11 27 34 
67 TBT ss bkr-10 TAP 10 20 16 15 15 0.96 2.32 2.82 0.77 1.74 2.11 17 25 40 
67 TBT ss bkr-10 TAP 1,0 20 19 19 1.6 1.39 2.42 3.06 _1.32 2.30 2.46 .45 60 76 
67 TBT ss bkr-10 TAP 10 20 15 16 14 0.69 1.93 2,45‘ 0.67 1.55 1.71 14 46 60 
66 TBT ss bk:-10 TAP 10 20 16 15 14 0.64 2:23 2.60 0.76 1.67 1.62 13 32. 46 
66 TBT ss bkr-10 TAP 10 20 16 11 11 1.60 2.64 3.11 -1.44 1.45 1.71 42 67 76 
66 TBT ss bkr-10 TAP 10 20 16 17 16 0.57 2.41 3.15 0.-52 2:05 2.52 32 49 65 
66- TBT ss bkr-10 TAP 10 20 17 17 17 1.51 1.99 2.71 1.14 1.69 2.30 36 61 76 
69 T:BT ss bkr-10 TAP 10 20 11 11 6 5.13 1.54 22 32. 36 
69 TBT ss bkr-10 TAP 10 20 17 16- 15 3.46 2.61 6 9 24 
69 TBT ss bkr-10 TAP 10 20 16 14 14 3.66 2.56 42 86 100 
69 TBT ss bkr-10 TAP 1.0 20 20 16 17 3.32. 2.62 6 16 35 
69 TBT ss bk!’-10 TAP 10 20 15 14 14- 3.65 2.56 .46 66 100 
69 TBT ss bkr-10 TAP 10 20 15 15 14 3.36 2.35 41 60 94 
69 TBT ss bk!‘-10 TAP 10 20 19 10 6 4.34 1.74 0 0 6 
69 TBT ss bkr-10 TAP 10 20 1,7 13 11 4.00 2.20 29 60 71 
69 T6T ss bkr-10 TAP 10 20 15 14 11 4.04 2.22 22 26 37 
69 TBT ss bkr-10 TAP 10 20 15 12. 11 4.34 2.36 19 31 42 
69 TBT ss bkr-10 TAP 10 20 16 14 13. 4.50 2.93 9 24 37 
90 HH&Tor.93 l=s iar TAP 4 20 12 1.16 0.71 
90 HH &.Tor..93 FS iar TAP 4 20 17 1.66 1.41 
91 Hamilton Hrb Ps bkr-4 TAP 4 20 20 1.50 1.50 
91 Hamilton Hrb FS bkr-4 TAP 4 20 10 2.60 1.30 
92. Hamilton Hrb FS bkr-4 TAP 4 19 12. 2.70 1.71 
92 Hamilton Hrb FS bkr-4 TAP 4 19 16- 2.60 2.19 
93 Hamilton Hm FS bkr-4 TAP 4 20 14 1.60 1.26 
93 Hamilton Hrb FS bit:-4 TAP 4 20 13 2.40 1.56 
94 Hamilton H10 _l=s bkr-4 TAP 4 20 1.6‘ 2.10 1.66 
94 Hamilton Hr_b 

“ FS bkr-4 TAP 4 20 15- 
95 Hamilton Hrb l=s 'bkr-4 TAP 4 16 -17 3.60 3.40 
95 Hamilton Hrb l=s bkr-4 TAP 4. 16 17 
96 Hamilton Hm F3 bkl’-4 TAP 4 20 16 2.06 1.67 
96 Hamilton Hrb FS bkl‘-4 TAP 4 20 20 1.52 1.52 
97 Hamilton Hrb FS bkF4 TAP 4. 20 17 1.95 1.66 
97 Hamilton Hm FS bkr-4 TAP 4 20 20 1.97 1.97 
99 Hamilton Hrb l=s bkr-4 TAP 4 20 17 52.63 2.24 
99 Hamilton Hrb FS bkr-4 TAP 4 20 16 2.16 1.74 
100 Hamilton Hrb FS bkr-4 TAP 4 20 14 1.69 1-.32 
100 Hamilton Hm FS bkr-4 TAP 4 .20 16 3.05 2.75 
101 Hamilton Hrb FS bkr-4 TAP 4 20 -13 2.06 . 1.34 
101 Hamilton Hrb FS bkr-4 TAP 4 20 16 2.93 2,64 
102 Hamilton Hm FS bkr-4 TAP 4 20 16 2.26 2.05 
102 Hamilton Hrb FS bkr-4 TAP 4 20 '16 -2.60 2.06 
103 Hamilton Hm FS bit:-4 TAP 4 .20 20 2.16 2.16 
103 Hamilton Hm FS bkr-4 TAP 4 21 21 2.13 2.13 
106 Sudbury96 FS oona TAP 4 15 14 2.26 2.13 
106 Sudbuly96' i=s cone TAP 4 15 11- 2.15 1.56 
109 SudbuI'y96 l=s- oona TAP 4 15 11 0.54 0.39
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Appendix 1. Survival, growth andireproduction of Hyaieila In control treatments. (See end of.Appendix'1 ‘for column codes.) 
_Exp ‘Test Type cont. WLter Wee_§_s No N1 N2 N4 N6‘ N8 N10 W4 W6 W8 W10 B4 B6 B8 B10 YB Y10 NT10 
109 Sudbury96' FS cone TAP 4 15’ 14 1.64 1.53 
110 Sudbury96 FS cone TAP 4 15 14 '1 .83 1.71 
110 Sudbury96 FS cone TAP 4 15 14 2.13 1.99 
111 Sudbury 98 FS cone TAP 4 15 14 0.83 0.77 
112 Noranda98 FS- cone TAP 4 15' 13 1.40 1.22 
112 ' Noranda98 ES“ cone TAP 4 15 14 1.73 1.64 
113 Sudbury 98 F8 oone TAP 4 15 1 1 1.32 0.97 
113 Sudbury 98 PS cone TAP 4 15 13 2.09 1.61 
115 Richard L FS cone TAP 4 15 15' 1.86 1.86 
116 Richard L FS cone TAP 4 15 14 2.26 2.11 
117 Noranda2000 FS cone TAP‘ 4 '15‘ 14 2.21 2.01 
117 Noranda2000 F8‘ oone TAP .4 15 1 1 2.20 1.61 

Column codes: Meaning: 
Exp Experiment number 
‘Test Test substance orzsite 
Type Test type 
Cont. - Test container 
Water Overiying water 
Weeks Test duration (weeks) 
No Initial number amphipods added 
N1 -N10 Number surviving at weeks 1-10 
W4‘ - W10 Mean wet weight per amphipod (mg)-at weeks 4-10 
B4 - B10 Mean biomass (mgvtoial wet weight! No) at weeks 4-10 
Y8‘- Y10 Total young produced by.weeksf8'-10 
NT 10 Total number of amphlpods (young + adults) at week 10 

Test type codes: Test container codes: overlying water codes: 
WS: water-only eonoentation series bknxbeaker. water only test TAP: tap water 
WC:~water categorical 
SS: spiked sediment series 
FS: lieidiooilected sediments 

bkr-4: beaker with 4:1 water tonsediment ratio 
bkr-10: beaker with 10:1 water to sediment ratio 
cone: lmhofi settling cone 
flask: 500 mL Erlenmeyer flask 
Jan 2.5 L glass jar 

41 

AM1:.artificiaI mediam 
SAM: standard artificial medium 

DW: distilled or de-ionized water 
-SITE:=~site'water



Appendix 2. Ratios ofthe LC25. lc25 (growth or biomass) and K275 (reproduction) divided by the 4-week LC25 for each toxicity test with I-Iyaielia. 
(See end‘o!.Appendlx1i'orooiumn codes.) LC25 1.025 1.c25 1.025 1.025 LC25 1025 1025 IC25 1c25 lC25 1025- 1025 ms 1075 1075 1075 1c75 
Exp Test Tyne Cont. Water Weeks Units N1 N2 N4 N0 N0 N10 w4 w0 we w10 34 00 30 010 Y8 v10 NT8NT10 
7 2525-PCB ws flask TAP 0 ugIL 1.40 1.03 1 0.00 0.93 0.09 
0 2525-PCB ws flask TAP 10 ugfl. 1.05 1.04 1 1.03 1.04 0.90 0.90 0.94 1.02 1.00 1.04 1.92 1.07 1.92 
07 As ws flask TAP 4 nM 1.70 1.44 1 0.00 0.73 
00 As ws_ flask TAP 4 nM 1.15 1.04 1 0.04 0.92 
2 ca ws bkr TAP 0 ugIL 3.52 1.22 1 1.04 2.91 1.12 0.90 
3- ca ws bkr TAP 0 ugli. 
4 ca ws bkr TAP 0 uglL 1.55 1.20 1 0.91 1.20 1.20 0.72 0.04 
39 cu wst flask TAP 0 ugIL 1,70 1.02 1 0.91 
40 cu ws flask TAP 0 ugli. 1.20 1 1.15 
41 ca ws flask HA-20mgIL 0 ugIL 1 0.09 
43- ca ws flask HA-20mglL 0 ugIL 1.30 1.10 1 0.30 
44 ca ws flask EDTA—0;5uM 0 ugIL 2.32, 1.10 1 0.94 
45 cu ws flask eoTA-0.5uM 0 ugIL 2.54. 1.90 1 1.00 
40- cu ws flask 00%ow 0 ugIL 2.35 2.10 1 1.27 
47 ca ws flask 90%DW 0 ugIL 1.07 1.03 1 0.92 
70 Cd ss bkr-4 TAP 4 umoilg 1 

77 ca ss bkr-4 TAP 4 umoilg 1 
71 CoCi2 ws flask TAP 4 nM 0.32 1 27 1 

73 CoCi2 ws flask TAP 4 nM 4.30 002 1 1.50 1.32
‘ 

59 CoNO3 ws flask TAP 4 nM 14.15 0 99 1 
70 coNo3 ws flask TAP 4 nM 0.95 1 05 1 
05 Cr- ws flask TAP 4 nM 1.77 1 00 1 1.10 
00 Cr ws flask TAP 4 nM 2.37 1.43 1 0.72 0.57 
40. Cu ws flask TAP 10 1ugIL 2.03- 2.50 1 0.90 0.00 0.07 2.55 1.04 1.00 1.00 0.95 0.70 1.20 1.24 1.40. 1.27 
49 Cu ws flask TAP 10 ugIL 1.92 197 1 0.70 0.03 1.03 1.00 1.10 1.02 0.79 0.50 1.10 1.27 1.20 1.30 
79 cu ss -bkr-4 TAP 4 umoilg 1 0.70 0.73 
10 EDTA, ws flask TAP 4 .uM 4.41 1.70 1 0.09 0.50 
17 EDTA ws flask TAP 4 uM 3.31 2.05 1 1.04 0.05 
55 H9 ws flask TAP 10 uglL 120 1__.04 1 0.17 0,17 1.03 0.15 0,10 0.10 1.00 1.09 1.72 1.92 
20 IO ws flask TAP 4 gIL 1.04 1.21 1 

21 no ws flask TAP 4 gIL 1.72 1.21 1 
22 no ws flask AM 4 gIL 0.99 0.00 1 
23 IO ws flask AM 4 .gIL 1.95 1.70 1 

24 Mgso4 ws flask TAP 4 9/1. 0.90 1.01 1 

25 Mgso4 ws flask TAP 4 g/L 2.02 1.00 1 

20 Mgso4_ ws flask TAP 4 .gIL 1.30 0.90 1 

27 M9504 ws flask AM 4 .9/1. 1.09 1.00 1 

20 Mgso4 ws flask AM+KCL 4 gIL 1.00 120 1 
74 Mn ws flask TAP 4 nM 1.10 1.14 1 5.24 
75 Mn ws flask TAP 4 nM 41.00 30.55 1 
13 N_H3 ws flask, TAP 4 am 1.54 1.10 1 094 
1:4 ,NH3 ws flask TAP 10 mM 1.20 1.00 1 1.00 1.31 1.0.1 0.07 0.04 -0.05 0.91 0.72 A 

15 NH3 ws flask TAP 10 mM 1.09 1.03 1 0.30 0.59 0.40 1.35 0.33 020 0.04 0.14 0.10 0.10 1.02 0.23
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Appendix 2. Ratios of the L025. IC25-(growth or biomass) and K375 (reproduction) divided by the 4-week LC25 for each toxicity test with Hyalelia. 
LC25 LC25 LC25 I.-C25 LC25 L025 IC25 IC25 IC25 IC25 IC25 IC25 IC25 IC25 lC75 lC'(5 iC75 lC75 (See and of Appendix 1 foroolumnoodes.) 

_Exp Tei Type Cont. Water Weeks: Units N1 N2 N4 N6 N8 N10 W4 W6 W8 W10 84 B6 88 B10 Y8 Y10 NT8 NT10 

83.1 NI ss- bkr-4 TAP 4 . umollg. 1 1.09 0.93 
83.2 Ni ss bkr-4 TAP 4 umollg 1 0.76 0.74 
83.3 NI SS‘ bkr-4 TAP 4 umollg. 1 0.98 
83.4 Ni 

' SS‘ bkr-4 TAP 4 umollg. 1 0.74 0.93 
83.5 Ni SS bkr-4 TAP 4 umollgi 1 0.84 0.86 
83.6 Ni '88 bkr-4 TAP 4 umellg 1 0.68 0,67 
64 Nl SS cone TAP 10 umoilg 1 0.81 0.78. 1.02 
85 NI SS cone TAP 4 umoilg 1_ 0.48 0.43 
86 Ni cone TAP 4. umoilg 1 0.99 0.79 
52 Pb WS flask TAP 10 ugIL 0.99 0.83 1 0.92 0.88 0.93 1.69 0.82 0:84 0.87 0.79 2.16 2.03 2.20 2.10 
53 Pb WS flask TAP 10 ugIL 1.19 1.19 1 1.04 1.84 1.68 1.86 1.70 
54 Pb WS flask TAP 10 ugIL 1.06 1.02 1 1.03 1.01 0:98 1.07 1.03 1.09 1.10 1.64 1.72 1.69 1.72 
82 Pb SS cone TAP 4 umollg 1 1-.81 0.40 
83 Pb SS cone TAP 4 umollg 1 1.88 1.05 
5 PCP WS bkr TAP 6* ugIL 1.19 0.99 1 0.49 0:86 0.59 0.42 
6 PCP WS bkr TAP 6 ugIL 2.12 1.15" 1 1.01 1.02 1.07 
19 SOW WS flask -SAM 15' pm 1.61 1.33 1 0:94 0.60 0:57 0.66 0.66 0.94 0.73 
56 TBT ws flask TAP 4 ugfl. 1.38 1.46 1 1.21 
57 TBT WS flask TAP 4 uglL 1.60 '1 0.11 0.10 
58 TBT WS flask TAP 8 ugll; 1.41 1.16’ 1_ 0:57 0.43 0.52 0.49 
87 TBT SS bkr-'10 TAP 10 nglg 1 0.91 037 0.77 0.81 0.43 0.31 0.35 1.56 1.36 
59 TI. WS flask TAP 10 nM 2.36‘ 1.70 1 0.71 0.49 0.52 0.20 0.24 0.48 0:25 0.32‘ 0.32 0.87 0.44 
61 TI. WS flask TAP 10 nM 1.43 1.32 1 0558 0.50 0.14 0.73 0.95 1.04 0.58 0.46 0.27 0.32 0.14 0.29 0.26 0.37 0.30 
62 TI WS flask TAP 10 nM— 3.52‘ 228 1 0.62 0.39 0.73 0.63 0.56 0.65 0.65 0.69 0.68 
63 Ti WS flask TAP 6 nM 8.82 2.38 1 0.58 2.37 1.61 
64 TI1 WS flask AM-noAK 5‘ nM 5.25 2.58 1 
50 Zn ws flask TAP 10 ugIL 1.32 126 1 0.91 0.46 0.46 0.09 0.09. 1.04 0.46. 0:39 0.71 0.66 «0.91 0.77 
51 Zn WS flask TAP 10 ugIL 1.07 1.10 1 0.88 0.81 0.44 1.13 0.53 0.48 0.84 0.70 0.33 0.32 1316 1.12 1.21 1.12 
80 Zn TSS‘ bkr-4 TAP 4 un_Iol/g 1 0.65 
81 Zn SS bkr-4 TAP 4 ' umoilg 1 1.00 

n 52 54 72 30 15 11 29 8 5 V5 40 19 11 11. 16 16 16 17 
min 0.98 0.62 1.00 0.17 0.17 0.14 0.09 0.20 0.53 0:24 0.09 0.15 0.16 0.14 0.16 0.16 0.37 0.23 
max 41.66 36.55" 1.00 1.27 1.04 1_.03 5.24 2.91 1.84 1,62 1.32 1.61 1.09 1.10 2.16 2.03 2.20 2.10 
median 1.62. 1.19 1.00 0.91 0.60 0.57 0.84 1.00 1.10 0.58 0.79 0:84 0.81 0:39 0.90 0.89 1.24 1.12 
10 percentile 1.07 0.99 1.00 0.43 0.39 0.25 0.47 0.30 ‘0.53 0.24 0.42 0:28 0.24 0.14 0.30 0:27 0.71 0.32 
Oopercenflle 6.03 2.17 1.00 1.04 1.01 1.00 1.85 2.74 1.84 1.62 1.08 1.06 1-.05 1.07 12.84 1.92 1.87 1.92
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Aggndlx 3. Dry weights (mg) of Hyalella of different initial.slzes.afler..four weeks in reference sediment. 
<400 uM ’ 

. Rep._1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8 
0.140" ’ ' 70.317" 0.447 0.327 0.206 0.349 0.074 0.214 
0.383 0.265 0.384 0.220 0.223 0.198 0.224 0.241 
0.316 0.429 0.521 , 0.161 0.255 0.207 0.367 0.204 
0.225 0.320 0.127 0.177 0.448 0.393 0.098 0.091 
0.261 0.229 0.079 0.248 0.220 0.266 0.318 0.145 
0.309 0.350 0.363 0.301 0.353 0.287 0.176 0.455 
0.226 0.389 0.345 0.362 0.079 0.208 0.256 0.296 
0.201 0.188 0.337 0.461 0.313 0.307 0.186 0.278 
0.114 0.283 0.476 0.433 0.148 0.136 0.300 0.360 

10 0.150 0.221 0.205 0.151 0.384 0.127 0.280 0.272 
11 0.098 0.125’ 0.183 0.309 0.128 0.281 0.112 0.070 

¢D®\lU30I-50333-5 

12 0.232 0.073 0.266 0.187 0.253 0.106 
13 0.229 0.036 0.181 0.319 0.325 0.262 
14 0.166 0.234 0.440 
15 

‘ 0.198 
mean 0.2203 0.2674 0.2751 0.2767 0.2498 0.2567 0.2265 0.2387 
SD 0.0912 0.0861 0.1660 0.1009 0.1033 0.0794 0.1057 0.1133 
overall mean 0.2519 overall SD 0.1067 

A 475-500 UM 
0_.119 0.330 0.126 0.311 0.17T 0.334 0.247 0.243 
0.405 0.430 0.223 0.115 0.292 0.263 0.161 0.549 
0.120 0.307 0.374 0.295 0.151 0.349 0.331 0.270 
0.335 0.337 0.462 0.293 0.130 0.196 0.407 0.634 
0.173 0.263 0.105 0.100 0.235 0.095 0.330 0.477 
0.333 0.230 0.233 0.503 0.379 0.473 0.345 0.230 
0.451 0.164 0.151 0.165 0.-133 0.137 0.152 0.324 
0.213 0.425 0.230 0.332 0.233 0.137 0.200 0.404 
0.332 0.190 0.219 0.403 0.109 0.253 0.330 0.235 
0.311 0.163 0.240 0.333 0.424 0.287 0.343 
0.313 0.155 0.243 0.145 0.435 0.275 0.430 
0.213 0.172 0.105 0.123 0.252 0.111 0.132 

_L..L.._n__s.a.a 

‘0|&0nIl\)-IOCDQNUJUI-hO9|\'J—| 

0.143 0.145 0.055 0.460 0.437 0.304 
0.078 0.071 0.063 

0.139 
mean 0.2610 0.2381 0.2064 0.2752 0.2719 0.2429 0.3013 0.3746 
SD 0.1229 0.1131 0.1168 _ 0.1353 0.1150 0.1137 0_.1040 0.1496 
overall mean 0.2663 overall S9 0.1242 _, _ . 

mixed , . . __ 
V8 7 ’ 

1 0.330 0.183 0.477 0.134 0.1731 
’ 02262 0.094 0.227 

2 0.225‘ 0.324 0.212 0.296 0.216 0.423 0.262 0.324 
3 0.222 0.218 0.300 0.308 0.398 0.433 0.331 0.321 
4 0.112 0.145 0.166 0.495 0.199 0.293 0.228 0.212 
5 0.288 0.352 0.076 0.482 0.458 0.227 0.096 0.135 
6 0.311 0264 0.518 0.157 0.361 0.307 0.176 0.438 
7 0.174 0.313 0.135 0.312 0.538 0.314 0.350 0.394 
8 0.155 0.447 0.232 0.529 ' 0.199 0.328 0.428 0.273 
9 0.405 0.374 0.184 0_.188 0.079 0.106 0.311 0.219 
10 0.207 0.173 0.436 0_.141 

’ 0.166 0.208 0.439 
1 1 0.200 0.364 0.292 0.051 0.088 0.352 0.346 
12 0.169 0.347 0.147 0.352 0.319 
13 0.118 0.334 0.089 0.273 
14 0.211 0.238 0.308 
15 0.060 0.166 

mean 0.2243 0.2739 0.2753 0.2812 0.2866 0.2578 0.2511 0.2929 
SD 0.0869 0.1053 0.1456 0.1636 0.1574 0.1141 0.1091 00911 
overall mean 0.2673 overall SD 0.1182
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