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Introduction

Acute toxicity tests were conducted to determine the effects on the
toxicity of silver of having food present in test chambers and the effect of
having silver solutions of different ages. Tests were conducted in two
simultaneous 96-h flow-through studies using the fathead minnow, Pimephales
promelas Rafinesque in which one test had food present in the test chambers
and the other did not. Also, an acute 48-h static test exposing the
cladoceran, Ceriodaphnia dubia Richard, (non-fed) and an acute 96-h flow-

through fed exposure to the amphipod, Hyalella azteca (Saussure), were run.

Method
Test Organisms

Fathead minnow test organisms were raised in cultures maintained at the
University of Wisconsin-Superior (UW-S). ‘Test fish were raised in flowing
laboratory water (City of Superior, WI municipal water that had been
dechlorinated by filtering through charcoal and an ion exchange resin to
remove metals, then sodium sulfite added to remove chloramines) and were fed
brine shrimp nauplii (Artemia salinus, San Fransico Bay Brand) three times
during week days and twice on weekends, until test start. The fish were
juveniles 29-d-old at the start of the tests.

Amphipods at the UW-S culture unit originated from a feral population in
the St. Louis River, Douglas County, WI. They were cultured in battery jars
containing 2 L of laboratory water and a substrate of 100% cotton gauze.
Solutions of food and water in the culture jars were renewed weekly, and the
amphipod populations were culled to approximately 50 adults per jar. Twenty
milliliters of yeast-trout chow cereal leaves (YTC) and 50 mL of inoculum
consisting of miscellaneous green algae from the previous culture water were
added to each battery jar. BAn additional 20 mL of YTC was fed on the second
and fourth day after renewal. Amphipods were 14- to 21-d-old when added to
the test chambers.

The cladoceran was acquired from the U.S. EPA Environmental Research



Laboratory-Duluth (ERL-D), MN, and cultured at UW-S in moderately hard (80-100
mg/L as CaCO,) reconstituted water (ASTM 1993a) which was renewed three times
weekly (MWF). Cladocerans were fed YTC and a green algae (Selenastrum
capricornutum) on a MWF regimen. Test organisms <24-h-old were chosen from a
brood board which supplied organisms of known age and vigor.

The green algae inoculum was cbtained from Carolina Biological Supply,
Inc., Burlington, NC. The green algae were cultured in a nutrient media (ASTM
1993b) aseptically prepared. Nutrient media and inoculum were placed in a 4-L
Erlenmeyer flask, aerated, and stirred for 7 to 10 d. The algal suspension
was centrifuged to concentrate the cells and the supernatant decanted. The
concentrated algae cells were resuspended in a small volume of media solution
and quantified with a hemacytometer for preparation of the desired cell

density to initiate the toxicity test.

Exposure Conditions

Flow-through exposures with the fathead minnow and amphipod were
conducted in continuous-flow proportional diluters. The test systems used
test water and toxicant delivery systems similar to those in the Benoit-style
diluter (Benoit et al. 1982). A 0.5 dilution factor was used for the toxicant
stock solution with a flow rate of 8 mL/min producing 5.7 test chamber volume
additions per day. Primary exposure chambers were constructed with glass,
23.5 x 11.0 x 14.5 (L‘W-H) and had a volume of 2 L.

The fathead minnow was exposed in the primary test chambers at a nominal
test temperature of 25 C. Test organisms were 29-d old at the start of the
test and 10 fish were added to each exposure chambers. Two replicate test
chambers were used for each control and treatment. The organisms were fed
three times each day a volume of 2 to 3 mL solution of freshly hatched brine
shrimp nauplii. Most of the brine and brine shrimp egg cases had been
removed. Fish that lost equilibrium were considered affected and death was

determined when fish lying on the bottom of test chambers ceased to move their

opercula.



Hyalella azteca exposures were conducted at the nominal temperature of
23 C in secondary exposure chambers placed in the 2 L primary exposure tanks.
The secondary chambers (one per replicate) were 300 mL high-form beakers with
two screened (23.6 mesh/cm stainless steel) 1.5 cm diameter holes on the side,
and a chamber capacity of ~225 mL. As part of the secondary chamber, 30-mL
beakers with bottoms removed and 23.6 mesh/cm Nitex® plastic screen affixed
were suspended in the 300 mL high-form chambers. The test organisms (ten per
beaker) were in the 30-mL beakers to protect them from aggressive turbulence
when fresh solution entered the 300 mL high-form beakers. Each test chamber
containing the test organisms received 2 mL of YTC immediately before the
organisms were added to the test chambers and again 4 h after initiating the
test. The same volume (2 mL) of YTC was given once during each of the
succeeding three days. Organisms that were moving their appendages but would
not swim when prodded were considered affected. Organisms that had no
appendage movement were considered dead.

Static exposures with Ceriodaphnia dubia were conducted in a 25 C
constant temperature chamber. Tests were conducted in 100-mL beakers with a
test solution volume of 80 mL. Each beaker contained five organisms with four
replicates per treatment and control. Organisms were considered affected if
they had reduced or lacked mobility. Exposure beakers were conditioned with
silver solutions of appropriate silver concentrations for a 24 h interval
prior to start of the test. The conditioning solutions were discarded and
fresh silver solutions were added 72 h prior to the start of the toxicity
test.

Test photoperiods of 16 h 1light/8 h dark were used for all tests.
Intensity levels ranged from 30-65 ft-C.

Silver nitrate (AgNO;, CAS No. 7761-88-8, Baker Analytical, 99.7%
purity, Lot No. A48739) was used to prepare a primary stock solution of 471
ug/L and 670 ug/L for the fathead minnow and amphipod tests, respectively.
Ceriodaphnia dubia exposure concentrations were prepared from a 670 ug/L stock

solution.



Analytical Procedures

Physical and Chemical Characteristics of Test Waters - Measurements of
total alkalinity (bromocresol green methyl red titrated with 0.02 N H;SO,),
total hardness (EDTA) and dissolved oxygen (Yellow Springs Instrument Model 54
dissolved oxygen meter, calibrated weekly by the Winkler chemical method) were
measured once during each test from the toxicant and control test chambers.
Measurements of water temperature (electronic digital thermometer; Fisher
Chemical Co., Itasca, IL), pH (Orion pH Meter Model 290A calibrated daily with
primary standard buffers 4.00, 7.00 and 10.00) and conductivity (Yellow
Springs Instruments, Model SCT) were taken routinely following (ASTM 1993a)
test methods. Residual chlorine and zinc concentrations are measured twice
per month to ensure that water is of adequate quality for culturing and
testing for the fathead minnow and the amphipod.

Total and Dissolved Silver - All equipment used in the collection and
storage of standards and samples was soaked in dilute nitric acid (1-10% v/v,
Reagent Grade, Fisher Scientific, Pittsburgh, PA) and rinsed with deionized
water (Milli Q, Millipore Corporation, Bedford, MA) before use.

Standards for the analysis of silver in samples from the fathead minnow
flow-through tests were prepared from a 1,135 mg/L silver nitrate stock
solution (Fisher Scientific, Lot #923439) and the standards for the toxicity
tests with Ceriodaphnia dubia and Hyalella azteca were prepared from a 1,000
mg/L silver reference standard (Lot No. 925611-9, Fisher Scientific). The
intermediate and working standards used in the fathead minnow flow-through
tests contained 0.2% (v/v) trace metals grade nitric acid (Lot No. 1891-7,
Fisher Scientific). Intermediate standards for the Ceriodaphnia dubia and
Hyalella azteca tests contained 2.0% (v/v) trace metals grade nitric acid
(Fisher Scientific) and the working standards were prepared at 0.5% (v/v) with
the same acid.

Samples for total silver concentration were collected with a 30 mL
maximum volume Varipet (Manostat Corporation, New York, NY) or a variable

volume Eppendorf pipetter (Brinkmann Instruments, Inc., Westbury, NY). The



Varipet consists of a glass barrel equipped with a teflon tip and plunger.

The Varipet was rinsed twice with portions of the sample before a 10- or 30-mL
sample was collected and transferred to a plastic sample bottle. Thirty-
milliliter samples were collected from the fathead minnow exposure chambers at
each sampling time. For the Hyalella azteca test, 30 mL of sample was
collected at 0 h and 10 mL at each other sampling time from the 300-mL beaker
into which the toxicant solution was being delivered. The O-h sampling for
the Ceriodaphnia dubia test involved collecting 30 mL of sample from the
excess exposure solutions prepared for initiating the test. The 24-h
composite samples consisted of 3 mL of sample taken from both replicates at
each exposure concentration. At 48 h, a composite sample consisting of 15 mL
collected from both replicates at each exposure concentration was collected.
Immediately after adding the samples to the sample bottles, trace metals grade
nitric acid was added to the sample to achieve an acid concentration of 0.2%
(v/v) for the fathead minnow tests and 0.5% (v/v) for the Hyalella azteca and
Ceriodaphnia dubia exposure samples.

Samples for dissolved silver analyses were also collected with the
Varipet. BAn aliquot of the sample used for the total silver concentrations
were used to determine dissolved silver concentrations. The sample was
filtered through a 0.45 um Millipore HAWP filter which was placed into a
filter holder and attached to the Varipet. The filter was conditioned by
filtering an initial 30-mL portion of sample which was discarded, and then a
second 30-mL sample was filtered directly into a plastic sample bottle.
Acidification of the sample to the same acid concentration used for the total
silver samples was performed immediately after the sample had been filtered
into the bottle.

Samples for determination of total silver concentration were collected
at 0, 24, 48, 72 and 96 h for the fathead minnow and Hyalella azteca tests and
at 0, 24, and 48 h for the Ceriodaphnia dubia test. Dissolved silver samples
were obtained at 0 and 96 h for the fathead minnow and Hyalella azteca tests

and at 0 and 48 h for the Ceriodaphnia dubia test. For quality assurance



purposes, a minimum of 20% of the samples from the same exposure containers
were analyzed in duplicate and 10% of the samples were spiked for
determination of spike recovery. A reference sample with a known silver
concentration was analyzed as an additional measure of quality assurance.

Concentrations of silver in the samples were determined by flameless
atomic absorption spectrophotometry (FAAS). THe FAAS system consisted of a
Perkin-Elmer Model 306 spectrophotometer equipped with deuterium arc
background correction and a Perkin-Elmer Model 2100 graphite furnace (Perkin
Elmer Corporation, Norwalk, CT). Manual injections of the standards and
samples were made into the graphite furnace using an Eppendorf micropipet. A
minimum of two injections were made for each standard and sample analyzed.

The absorbance obtained for a two-second integration was used to determine the
concentration of silver in the samples. Sample absorbance was compared to a
calibration curve prepared from a minimum of four silver standards prepared in
deionized water and acidified to 0.5% (v/v) in nitric acid.

Total and Dissolved Organic Carbon - Samples were collected for the
analysis of total organic carbon (TOC) and dissolved organic carbon (DOC) from
one control exposure for each toxicity test. TOC samples were collected by
pipetting 120 mL of sample from the middle of the exposure tank at mid-depth
and transferring into a 120 mL glass bottle with a teflon-lined cap. DOC
samples were collected in a similar manner and were then filtered through
Gelman type A/E glass fiber filters (Gelman Sciences, Ann Arbor, MI) which had
been ashed at 400 C for 3 h. The samples were refrigerated until analyzed.

Calcium, Magnesium, Sodium and Potassium - Analysis of calcium,
magnesium, sodium and potassium was conducted on control samples from each of
the silver toxicity tests once during each test. The analysis of each of
these metals was conducted by flame atomic absorption on a Instrumentation
Laboratories Video 12 atomic absorption/emission spectrophotometer (Thermo
Jarrell Ash Corporation, Franklin, MA). Conditions of analysis followed the
instrument manufacturer’s recommended operating conditions for each of these

metals. Concentrations of the metals were determined by comparing the



absorbance to a calibration curve prepared from a minimum of three standards
prepared in deionized water.

Chloride and Sulfate - Chloride and sulfate samples were collected from
the control exposures for each of the silver toxicity tests once during the
test. The samples were collected with a glass pipet and transferred into
sample bottles. If samples were not analyzed on the day they were collected,
they were refrigerated until analysis could be completed.

Analysis of chloride followed the mercuric nitrate titration procedure
(Method 4500-Cl, Standard Methods for the Examination of Water and Wastewater,
18th Edition). A 100-mL sample, to which 1.0 mL of indicator/acidifier had
been added, was titrated with 0.0141N mercuric nitrate.

Sulfate analysis was conducted using the SulfaVer 4 Method. This method
is an EPA-approved procedure that was taken from the Hach Water Analysis
Handbook. A SulfaVer 4 reagent powder pillow is added to a 25 mL water sample
and the sample is stirred. Five minutes after the sample has been stirred, an
absorbance reading is taken at 450 nm. The sulfate concentration is
determined by comparing the absorbance of the sample to a calibration curve
prepared from four sulfate standards analyzed in the same manner as the

samples.

Statistical Analysis of Data

LC50 and EC50 calculations with their 95% confidence limits were
calculated by the trimmed Spearman-Karber method (Hamilton et al. 1977). LC50
values were generated at each of the fed and non-fed fathead minnow tests at
4, 8, 24, 48, 72 and 96 h exposure durations. The Hyalella azteca exposure
generated LCS0 values at 4, 8, 24, 48 72 and 96 h. Ceriodaphnia dubia EC50
values were generated at 24 and 48 h.

The toxicant concentrations used to calculate the LC50 and EC50 values
were the mean of all measured concentrations for the replicate exposures
though 48 or 96 h of exposure. If 100% of the test organisms died before 48

or 96 h, then only the measured toxicant concentrations prior to the last



death, plus one after, were used to calculate mean exposure concentrations.

Results

Four acute toxicity tests were conducted with three species of
freshwater organisms. Three of the tests were of the flow-through type and
had similar mean measured test water characteristics. The fourth test was
conducted as a static test and differed from the other tests by having higher
values of specific conductance and total hardness (Table 1). The differences
were expected due to the moderately hard water required (ASTM 1993a) to
culture and test Ceriodaphnia dubia.

The fathead minnow mean total length, 15.6 * 1.1 mm; mean wet weight,
51.3 + 8.9 mg) was exposed at five silver concentrations for each of two
toxicity tests. Nominal concentrations of 0, 1.25, 2.5, 5.0, 10.0, 20.0 ug/L
were used for both fed and non-fed flow-through exposures. Measured
concentrations were <2.0, <2.0, 2.2 * 1.3, 3.7 # 1.3, 9.4 * 2.4, 20.8 = 3.6
and <2.0, <2.0, 2.7 #1.2, 4.8 £ 1.1, 12.0 £ 2.7, 20.7 % 4.9 for the fed and
non-fed exposures; respectively. Measured concentrations without variance
measurements were at or below detection limits.

Lethal toxicant levels were not observed within 8 h of test start for
the fed exposures; however, 45% of the fish had lost equilibrium by 8 h of
exposure in the highest treatment (20.8 ug/L). Deaths were recorded at 24 h
in the highest treatment and loss of equilibrium was observed in 35% of the
fish in second highest treatment (9.4 ug/L). Deaths and affected (loss of
equilibrium) fish continued to occur during the remainder of the study at
silver concentrations 29.4 ug/L (Table 2). No fish were affected at any
concentration of silver <9.4 ug/L or in the control chambers during the test.
In the non-fed exposures, affects on the fish were observed sooner and at
lower silver concentrations than in the fed test (Table 2). Again no control
organisms died or showed any affects due to the test. There were, however,
two unexplained deaths at the lowest treatment concentration (<2.0 ug/L).

LCS0 values for the two fathead minnow tests were consistently lower



with time in the non-fed study (Table 3). The non-fed 96-h-LC50 is 5.1 ug/L
and the fed 96~h LC50 is 9.9 ug/L; a difference of approximately a factor of
two. Calculations were made of LC50s using total silver concentrations.

Hyalella azteca, juveniles, (approximately 2 mm total length) were
exposed to five nominal silver concentrations (0.6, 1.2, 2.5, 5, 10 ug/L),
plus controls in duplicate in a flow-through exposure. The organisms were fed
during the exposures and the continuously operated diluter ensured relatively
fresh solutions in the test chambers. Measured concentrations were <0.1, 0.8
+ 0.1, 1.4 + 0.3, 2.6 £+ 0.7, 4.3 £ 1.0 and 9.4 % 2.3 ug/L. Insufficient
mortalities occurred during the first 8 h to allow calculation of LC50 wvalues.
However, some organisms showed the affects of immobilization during the first
4 h of exposure in silver concentrations 22.6 ug/L (Table 4). The LC50s were
calculated using total silver concentrations and LC50s decreased with time
with a 96-h LC50 calculated at 1.0 (1.0-1.1) ug/L (Table 3). No mortalities
occurred in the control test chambers.

Ceriodaphnia dubia (<24-h~old neonates) were exposed at five nominal
silver concentrations (0.3, 0.6, 1.2, 2.5, 5.0 ug/L), plus controls in
duplicate static exposure vessels. A single exposure was conducted with no
feeding of organisms in toxicant solutions aged for 72 h. Measured
concentrations were <0.1, 0.2 * 0.1, 0.3 ¢+ 0.1, 0.6 £ 0.1, 1.0 £ 0.2 and 2.5
0.6 ug/L. Observations for affected organisms were not made at 4 and 8 h as
was done in the other three tests. The aging of toxicant solutions in test
chambers for 72 h before test start produced an approximate 50% reduction in
Ag*® concentration between actual mean measured values and nominal pre-aged
stock concentrations. The 24- and 48-h EC50 values (calculated using total
silver concentrations) were 0.5 and 0.4 ug/L, respectively (Table 3). No
effects were observed in the control test chambers, and only a single organism
was observed as affected (Table 4) at the two lowest silver exposure
concentrations (0.2 and 0.3 pug/L).

Comparisons of the means of the 0- and 96-h fathead minnow and Hyalella

azteca analyses and 0- and 48-h Ceriodaphnia dubia analyses for total and
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dissolved silver concentrations were made (Table 5). The dissolved
concentrations averaged 75.6+5.9% (n=6) of the total silver concentrations for
the fathead minnow tests, 65.5 * 6.6% (n=5) for the Hyalella azteca test, and
98.2 + 11.2 (n=7) for the Ceriodaphnia dubia test. All O- and 96-h mean
concentrations for total silver were greater than the dissolved silver
concentration means for the fathead minnow and Hyalella azteca tests. The 0-
and 48-h total silver mean concentrations for the Ceriodaphnia dubia test were
greater than or equal to the dissolved silver mean concentrations for all but
one exposure level.

Duplicate and spiked samples were analyzed for all tests to provide
quality assurance data (Table 6). A reference sample (Environmental Resource
Associates, Arvada, CO) with a certified silver concentration of 101 ug/L and
an advisory range of 65 to 119 ug/L was found to contain 103.5 % 4.5 ug/L
(n=6).

Concentrations of several alkali and alkaline earth metals (calcium,
magnesium, potassium, and sodium) and several anions (chloride and sulfate)
were analyzed on one control sample from each toxicity test. The values for
all these analyses (Table 7) were consistent between duplicates and between
tests for the fathead minnow and Hyalella azteca tests with the exception of
the sodium values. The sodium values for the Hyalella azteca test was
approximately double the concentrations measured in the fathead minnow tests.
The concentrations of most of the measured ions were greatly different in the
Ceriodaphnia dubia test compared to the other tests, as this test was
conducted in a deionized water with the addition of specific salts, rather

than the laboratory water used for the other tests.
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Table 2. Cumulative Number of Dead Organisms and, in Parentheses, the
Number that Lost Equilibrium for the Fathead Minnow, Pimephales
promelas, Exposed to Measured Concentrations of Silver Nitrate (as
Ag+) with Fresh Toxicant Solutions which were Exposed in Fed and
Non-Fed Tests. Replicates have been Combined for Exposure
Concentrations.

Fed Exposures

Mean Measured Concentration of Silver (ug/L as Ag+)

Time (h) <2.0 <2.0 2.2 3.7 9.4 20.8
(£1.3) (£1.3) (£2.4) (£3.6)
4 0 0 0 0 0 0
8 0 0 0 0 0 0 (9)
24 0 0 0 0 0 (7) 13 (7)
48 0 0 0 0 2 (18) 17 (3)
72 0 0 0 0 6 (10) 20
96 0 0 0 0 8 (10) 20

Non-Fed Exposures

Mean Measured Concentration of Silver (ug/L as Ag+)

<2.0 <2.0 2.7 4.8 12.0 20.7

(£1.2) (x1.1) (£2.7) (24.9)

4 0 0 0 0 0 (10) 8 (8)

8 0 0 0 0 1 (12) 10 (10)
24 0 0 0 0 4 (16) 20
48 0 0 0 0 13 (7) 20
72 0 1 0 0 (1) 19 (1) 20
96 0 2 0 10 20 20
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Table 3. Median Lethal or Effect Concentrations (LC50 or EC50, ug Total

Ag*/L) at Various Time Intervals for Three Species of Freshwater
Organisms Using Fresh or Aged Toxicants With or Without Food

Present.
Time (h) Fed Non-Fed
Pimephales promelas
LCS0
4 1/ [V
8 v 20.7
@
24 17.3 13.6
@ (12.0-15.5)
48 14.4 a.8
(12.8-16.1) (8.4-11.4)
72 10.8 7.8
(9.0-12.9) (7.2-8.4)
96 9.9 5.1
(8.2-12.0) (4.2-6.2)
Hyvalella azteca
LCS0
4 v _
8 v -
24 6.2 -
(5.5-6.9)
48 2.1 -
(1.7-2.86)
72 1.1 -
(1.0-1.1)
26 1.0 -
(1.0-1.1)
Ceriodaphnia dubia
EC50
24 - 0.5
(0.4-0.5)
48 - 0.4
(0.4-0.5)

The number of mortalities at this time interval are insufficient to

calculate an LCS50 value.
The 95% confidence intervals are not reliable, because the response was

all or nothing in various treatment levels.
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Table 4. Cumulative Number of Dead and, in Parentheses, the Number that
Were Immobile for the Amphipod, Hyalella azteca, and the
Cumulative Number of Dead and Immobile Cladoceran, Ceriodaphnia
dubia, Exposed to Measured Concentrations of Silver Nitrate (as
Total Ag+). Affected Organisms are Reported as Combined Values of
Replicate Exposure Chambers.

Hyalella azteca!
Measured Concentration of Silver (ug/L as Ag+)
Time (h) <0.1 0.8 1.4 2.6 4.3 9.4
(£0.1) (£0.3) (20.7) (+x1.0) (%2.3)
o] o 0 0 (2) 0 (10) 0 (12)
0 0 0 0 (11) 0 (19) 0 (20)
24 0 0 0 0 (-) 2 (18) 19 (1)
48 0 i 10 (10) 6 (14) 19 (1) 20
72 0 2 18 (2) 20 20 20
96 o] 2 19 (0) 20 20 20
Ceriodaphnia dubia?
Measured Concentration of Silver (ug/L as Ag+)
<0.1 0.2 0.3 0.6 1.0 2.5
(£0.1) (%0.1) (£0.1) (£0.2) (+0.6)
24 o 0] 16 20 20
48 1 0 18 20 20

Flow-through test with the organisms fed during the first 4 h of exposure
to silver solutions.
Static tests without the addition of food to the exposure chambers and the
silver solutions aged in the test chambers for 72 h before the addition of
test organisms.
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Table 5. Comparison of Total and Dissolved Silver Concentrations for
Fathead Minnow, Hyalella azteca and Ceriodaphnia dubia Tests.
Values are the Recovery Corrected Means of the 0- and 96-H Samples
for the Fathead Minnow and Hyalella azteca Tests and O and 48
Samples for the Ceriodaphnia dubia Test. Concentrations are in
Hg/L.
Fathead Minnow Fed Test
Nominal 0 1.25 2.5 5.0 10.0 20.0
Concentration
Total <2 <2 <2 4.4 8.1 20.7
Dissolved <2 <2 <2 3.3 5.6 16.1
%$Dissolved 75.0 69.1 77.8
Fathead Minnow Non-Fed Test
Nominal 0 1.25 2.5 5.0 10.0 20.0
Concentration
Total <2 <2 2.1 4.3 10.6Y 21.6"
Dissolved <2 <2 <2 3.7 7.6Y 16.0Y
$Dissolved 86.0 71.7 74.1
Hyalella azteca Test
Nominal 0 0.6 1.2 1.5 5.0 10.0
Concentration
Total <0.1 0.7 1.7 2.3 4.9 11.6
Dissolved <0.1 0.5 1.1 1.6 3.3 6.0
$Dissolved 71.4 64.7 69.6 67.3 54.5
Ceriodaphnia dubia Test
Nominal 0 0.3 0.6 1.2 2.5 5.0 20.0%
Concentration
Total <0.1 0.1 0.3 0.6 1.0 2.6 12.6
Dissolved <0.1 0.1 0.3 0.5 1.0 2.6 14.8
$Dissolved i00 100 83.3 100 100 117.5

¥  No 96-h value was determined.

The comparison is of the 0-h values.

2 pdditional concentrations were tested for the comparison of total and

dissolved silver than were reported in the toxicity test results.
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Table 6.

Summary of Quality Assurance Samples from the Silver Toxicity

Tests with the Fathead Minnow, Ceriodaphnia dubia and Hyalella

azteca.

Test Species
and Type

Duplicate %
Agreement (from
same exposure)

replicate exposure)

Duplicate %
Agreement (from

Spike Recovery

Fathead Minnow,
Flow-through/Fed

Fathead Minnow,
Flow-through/
Non-Fed

Hyalella azteca,
Flow-through

Ceriodaphnia
dubia, Static

95.7¢4.9 (n=11)

97.4%2.7 (n=7)

95.5%4.1 (n=9)

91.2%¢11.0 (n=5)

90.8%12.9 (n=10)

93.3:4.9 (n=8)

82.3%15.4 (n=15)

96.5%12.0 (n=5)

94.2+16.8 (n=5)

87.7+9.0 (n=9)

82.0t14.8 (n=5)
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Table 7.

Concentrations from Duplicate Analyses of Calcium, Magnesium,

Potassium, Sodium, Chloride and Sulfate in Control Water from
Silver Toxicity Tests with the Fathead Minnow, Ceriodaphnia dubia

and Hyalella azteca.

Concentrations of all Elements are in mg/L.

Test Species Calcium Magnesium Potassium Sodium Chloride Sulfate
and Type

Fathead Minnow, 19.7 3.5 0.61 7.2 3.8 10.4
Flow-Through/ 19.2 3.4 0.60 7.1 3.7 10.9
Fed

Fathead Minnow, 18.0 3.4 0.63 6.9 3.5 10.3
Flow-Through/ 17.8 3.4 0.61 7.2 3.6 8.9
Non-Fed

Hyalella 18.0 3.1 0.69 13.4 4.1 11.5
azteca, Flow- 18.0 3.1 0.70 12.4 4.8 11.8
Through

Ceriodaphnia 18.5 11.4 3.2 26.7 2.8 88

dubia, Static
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