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The University of Wisconsin-Superior (UW-S) conducted studies
to determine acute-chronic ratio for the effects of aluminum (Al)

upon the freshwater cladoceran, Ceriodaphnia dubia. Exposures were

attempted at a pH near neutrality and others near pH 8. The test
organisms appeared not to tolerate the chronic exposure conditions
above pH 8 necéssitating a third exposure at a prslighfly less

than 8.

METHODS

Biological Conditions

The test organisms (C. dubia) were acquired initiaily from the
U.S. Environmental Protection Agéncy Environmental Researcthabo—‘
ratory, Duluth, MN stock culture. They were cultured at the Uni-
versity of Wisconsin-Superior (UW-S) culture facility for several
generatlons before use in the Al toxicify testing. Cultures were
maintained in either (a) ra& Lake Superior water whiéh.was
acquired at the City of Superior Water Treatment Plant from the
Cloquet, MN water intake pipe or (b) water which was Lake Superior
water treatéd at the City of Superior Water Treatment Plant and
dechlorinated in the laboratory by charcoal and sodium sulfite
addition.' Except for the fluoride, the wéters from the two water
sources were similar in their measured chemical and physical char-
acteristics (Table 1). |

Adult cladocerans were cultured individually in 30 mL contain?

ers. Cladocerans were transferred to new water every Monday,




TABLE 1. Measured characteristics of the fést waters

- used to expose Ceriodaphnia dubia to aluminum.

Measurements .

are of the batch waters prior to addition of aluminum.

Water

~Characteristic

Raw
Lake Superior Water

UW-Superior
Laboratory Water

Total Alkalinity
(mg.L-1 as cacog)

Total Hardness

(mg.L~1 as CaCo03)

Ca Hardness ,
(mg.L~1 as cacoj)

Chloride
(mg.L-1 as c1)

Conductivity
(umhos.cm™1)

Fiuoride

-(x_ug‘.l’..‘1 as Fl)

Total Solids
(mg.L~1 at 105 C)

Total Suspended Solids
(mg.nL—1 .

Total Dissolved Solids
(mg.L~1, 180 C)

PH

46.0

50.0

42.6

39.6
50.5

37.8

70
<1

60




Wednesday and Friday. This technique enabled éccurate records of
young production which indicated the health of the organisms. A
cbmbination of fermented trout chow solutibn (5 g.L™1 Murray trout
choh starter fermented'4 days), yeast solution (5 g.L-1l) and green

algae (Selenastgum capricornutum) was fed to each container once

daily at a rate‘of 100 uL of 1:1:1 ratio of each component. The
100 uL volume contained approximately 1 x 106 algal cells.

Aluminum exposures were made in 30 mL containers holding 16 mL
of test solution. Test solutions of the five Al concentrations .
‘and controls were made at least 24‘hr before exposufés began.
- These solutions were aerated and had the pH adjusted to the
desired exposure pH by the addition of reagent grade HCl or NaOH.
Adjustments of pH were made daily prior to test initiation. The
pH was adjusted at each }enewal for the chronic exposures and af
~the initiation of the acute exposures. |

Acute exposures were conducted with four repliéates for each
Al concentration and control. All solutions were treated the same
Vexcept for the Al concentratidn.’ Five C. dubia neonates less than
24-hr old were added to each beaker by random selectidn from a
common pool of organisms. Transfer of organisms was accomplished
by a fire-polished, wide-mouth pipet. Immobilization was used as'
the endpoint for the 48-hr ECgp estimates. The organisms were hot
fed during the exposures.

Chronic exposures were conduéted similarly to the acute expo-

sﬁres except that the exposures were of seven-day duration with




ten reblicates for each of the five Al exposure concentrations and
-control. At the initiation of thé’test, each beaker had a single
Aeonate £ 16-hr old. Exposures were begun on Monday, Wednesday,l
of Friday with renewal of test sblutions made on these days as
Qell. Each beaker was féd once daily a 100 ulL volume of the same
food’used to culture the organisms. Exposure beakers were_checked
oﬁ Monday, Wednesday, and Friday for deaths or reproduction.
~Young production was noted when the adults were transferred to a
new test solution.. Number of young producéd per:adult surviving 7
~days was thevtest endpoint for determination of the 7—day Maximum
Acceptable Toxicanf Concentration (MATC) .

‘Culturing and testing was done at 25.0 + 2.0 C. Water for the
e#posures with Al was the same és the water used to culture the
organisms except that no éttempt was made to acclimate the organ-
isms to test pH's. They were placed directiy into the exposurev
PpH's from the culturing pH of 7.3-7.6. |

Chemical Stodk Solutions

' Test solutions were prepared by adding aliquots of 5000 mg.L~1
Al stock (aluminum chloride,'A1013, MCB Chemicals, lot>B7N14,
99.8% purity) to filtered (glass fiber) raw Lake Superior water or
dechlorinated tap water. The solution pH's w;re firsf adjusted to
a pHv5>2.5 with HCl to match the initial pH of the highest Al
concentrafipn exposure solution and samples were then éollected to
determine the initial amount of aluminum present{ The sblutions

were then adjusted to the test pH using dilute solutions of NaOH




(ACS) or HC1 (ACS).

Samples were collected at the initiation, prior to and after
solution renewal and at the termination of the tests for acid-
exchangeable (i.e. acidified, unfiltered) and acid-soluble Al.
Acid soluble is the concentration of metal that can pass a 0.45 um
membrane filter after acidification of the sample to pH of 1.5-2.5
(U.S. YEPA,‘1980). The stocks of test solutions used for renewals
were sampléd after pH adjustmeht and while being vigorously mixed
on a magnefic stirrer. Samples were immediately acidified with
iHN03 to 0.1% (v/v, pH range 1.5 to 2.0). After the ofganisms had
been trahsferred to fresh solutions, the old individual exposure
solutions were acidified with HNO3 to 0.1% (v/v), mixed, and
allowed to étand (>1 hr) before equal aliquots were withdrawn and
composited. The composites were sampled for both acid exchange-
able and aéid soluble Al. Prior to analysis, 1 mL of HNO3 and 2
mL of a 9.5% KCl solution (w/v) were added per 100 mL of sample.
Deionized water blanks were carried through all procedures as a

check for contamination.

Aluminum Analysis

Calibration standards of 0.50 - 20.0 mg.L~1 Al in deionized
.water were prepared from a 1000 mg.-l‘..‘1 Al stock (Baker Instra
Analyzéd AA standard, lot 4041755. Each solution waé preserved
with 1.1 nL HNOg3 and 2.0 mL of a 9.5% KC1l solution (w/v) added per

100 mL volume.




Analysis for Al was performed according to method 202.1 in

Methods for Chemical Analysis Qf Water and Wastes (U.S. EPA,
1979). An Instrumentation Laboratory Video 12 afomic absorption
spectrophotometer with a fuel-rich nitrous oxide—ecetylene flame.
(path length of 5 cm), deuterium arc background correction, and an
Al hollow cathode lamp were employed. The determinations were
made at avwavelength of 309.3‘nm7with a l nm spectralrbaﬁdwidth.ﬂA
ecale expansion factor of 2 was used throughout the analyses.

 Using the above coﬁditions the detection limit was 0;20 mg.L-1 Al.

AﬁalYtical Quality Assurance

Approximetely ten percent of the samples wereranalyzed in
'duplicate and approximately ten percent of the samples were spiked
with a known quantity of Al. The overall mean and standard devia-
tion of duplieate analysee and spike recoveries for acid exchange-
-~ able samples‘were'97.4 + 2.5 % (n=17) and 99.2 + 8.7 % (n=19),
'respectively; for acid-soluble analysis 98.0 + 2.0% (n=14) and
103.1 + 6.8%.(n=17),.respectively. An EPA Trace Metal‘Referenée
solution wasbanalyzed routinely and a mean and standard deviation
of 7.69 + 0.19'mg:L—1 (nels)‘was‘found. The true cbneentration
wae 7.29 mg.L~1 Al. Each test was individually corrected for
spike recevery. In addition, the lack of an obvious matrix inter-
eference was.confirmed by standard additions. The agreement of the
Al concentrations determined by standard additions, compared to
the concehtrations determined from the calibration curﬁe was 97.6_1

9.8% (n=9).




A ratio of acid soluble Al to acid exchangeable Al concentra-
tions was calculated; an overa{; agreement of 95.6 + 10.0% (n=84)
ﬁas’found. However, an apparent trend of a deorease in the ratio
_of acid soluble to acid exchangeable Al was noted in the compo-
sited samples coilected before renewal in the highest exposure in
the Lake Superior water tests, where an agreement of 74.2 + 6.6%
;(n=5) waS1found. All concentrations are reported as acid
ekchengeable Al. 7

Statistical Analysis

Estimates of the 48-hr ECgp Al concentration and the 95%
confidence limits were made ueing the Trimmed Spearman-Karber
method (Hamilton et al. 1977). Replicate exposures were combined
to determine the ECgp estimates.

Chronic exposure effects were determined by one-way analysis'
of variancev(ANOVA) tests at p < 0.65 significance. Specific
.oonoentrations causing sighificant (p < 0.05) reductions in repro?
duction were identified using fhe Dunnett's oneefailed.procedure

(Steele and Torrie 1980).




RESULTS

Four sets of acute and chronic exposureé 6f C. dubia with Al
at different pH's were attempted. Only the sets at pH 7.2-7.4 and
7.647;9 were successfully completed. The set at pH 8.1 resulted
in a failure of the chronic exposure and the set at pH 8.2

‘resulted in failure of both the acute and chronic exposures.

pH 7.2-7.4

- The'48—hf exposure of C. dubia to five concentfations of Al
(1.5, 2.6, 5.0, 9.6, and 16.2 mg.L-!) plus a cohtrdl‘all in qua-
'druplicate at a mean pH of 7.42 + 0.02 resulted in an ECgg
estimate of 1.9 mg.L™! with a 95% confidence interval of 1.78 to
2.04 mg:,(.L‘1 (Table 2). No control organisms died.“All treatment
deaths occurred after 24 hr of exposure to Al. |

C.'dubia’néonates < lé—hrs old were exposed to five concentra-
tions (1.4, 2.8, 5.0, 10.0, and 17.2) plus a control in ten repli-
cates. At the'end of the seven-day exposure the mean number of
Ycung per adult was higher in the low exposure concéntration (1.4
mg.L~1) than the control. However, significant (pgo.ol) redu¢+
‘tions in reproduction when compared to the control occurred at
cohcéhtrations > 2.6 mg.L-1 (Table 2). The geometric mean of the
: highest no observed effect concéntration (1.4 mg.L~1) and the
lowest observed effect concentration (2.6 mg.L"1) was 1.9 mg.L~1,
‘ This is considered the MATC;

The pH 7.2-7.4 exposures were made in raw Lake Superior water.




TABLE 2.

Acute and chronic toxicity of Ceriodaphnia

dubia to aluminum on raw Lake Superior water at mean

pH of 7.2-7.4.

Aluminum concentrations were measured and

are expressed as the acid exchangeable form.

48-Hr Acute

Exposure (mg.L‘l)

at 99% C.I.

Estimated MATC = 1.9 mg/L
Mean pH = 7.15 + 0.05
Mean temp = 24.8 + 0.2
Mean DO = 7.1 + 0.1 '

—

_Control 1.5 2.6 5.0 9.6 16.2
Mean cumulative 100 85 5 0 - -0 o
“percent survival ' B ‘
Estimated 48-Hr ECs0 = 1.9 mg/L (1.78-2.04)
, Mean pH = 7.42 + 0.02 '
. Mean DO = 7.0 + 0.2
Mean Temp = 24.4 + 0.3
Seven-Day Chronic
Exposure (mg.L~1)
Control 1.4 2.6 5.0 10.0 17.2
Mean cumulative
number of young adult 3.3 + 4.6 + 0.3 + 0 -0 -0
- surviving 7 days 3.6 2.1 0.5 * ¥ * ¥ * *
- Mean cumulative
number of young per 2.5 + 3.4 + 0.2 + 0 0 0]
starting adult 3.3 2.6 0.4 * ¥ iy * %
’ % ¥
Percent survival 90 80 60 20 40 80
**Significantly different from the control
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pH 7.6-7.9

' The 48-hr exposure of C. dubia to five concentrations of Al
(1.2, 2.2, 6.0, 10.6, and éO.G mg.L‘l) plus a control all in

" quadruplicate at a mean pH of 7L66 + 0.04 resulted in an ECgg
estimate of 1.5 mg.L-1 (Table 3); Confidence limits could not be
vcomputed due to the lack of iOO pércent survival in any Al éxpo—
snre concentration. No control»organisms died.’ All trcatment
deathc occﬁrred between 24 and 48 hrs of exposure to aluminum.

C. dubia neonates < 16-hrs old were exposed to fiﬁe'concentra—
tions (l.1,v2.4, 5.7, 10.1, and’17.8 mg.L‘l) plus controls in ten_
replicates. At the end of thevseven—day exposure the‘mean number
of young per adult was significantlyrreducedcfrom the control at
concentrations of > 2.4 mg.L‘l’(Table 3). The geometric mean of
thevhighest no observed effect concentration (1.1 mg;L‘l) and the
lowest effect concontration (2.4 mg.L"1) was 1.6 mg.L™1. This was
considefed the MATC.

The pH 7.6—7.9 exposures were made in UW-S dechlorinated tap
water.
pH 8.1

| ‘ The 48-hf exposure of C. dubia to five concentrations of Al
(1.3, 2.1, 3.7, 8.5, and 17.7 mg.L~1) plus controls all in quadru-
plicate at a mean pH of 8.13 + 0.03 resulted in an ECgp estimate
of 2.56 mg.L™1 Al with a 95% confidence interval of 2.14 to 3.06
vmg.L‘1 (Table 4). No control organisms died. All treatment

deaths occurfed_between 24 and 48 hr of exposure to Al.




TABLE 3.
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Acute and chronic toxicity of Ceriodaphnia

+ dubia to aluminum in UW-Superior laboratory water at mean pH

of 7.6-7.9.

Aluminum concentrations were measured and

are expressed as the acid exchangeable form.

48-Hr Acute

Exposure (mg.L~1)

v 1
Control 1.2 2.2 6.0 10.6 #8.6
Mean cumulative o o
percent survival 100 75 0 0 7 0 - 0
Estimated 48-Hr ECsp = 1.5 (95% C.I. are not
reliable)
Mean pH = 7.86 + 0.04
Mean Temp = 25.3 + 0.3
Mean DO = 25.3 + 0.3
Seven-Day Chronic
Exposure (mg.L”1)
Control. 1.1 2.4 5.7 10.1 17.8
Mean number of , , ‘
young per adult 7.2 + 3.67 + 0.7 + 0.2 + 0 0
surviving for 7 days 5.0 4.2 1.2 0.4 * * * &
. } % % % %
Mean number of young 6,3vi 2.2 + 0.5 + 0.2 + 0 0
per starting adult 4.5 3.7 1.1 4.2 * ok * &
: ! * % ¥k * kK
Percent survival 80 60 70 60 0 0
¥**gSignificantly different from the control
at 99% C.I.
Estimated MATC = 1.6 mg/L
Mean pH = 7.61 + 0.11
Mean temp = 25.3 + 0.1
Mean DO = 7.3 + 0.1
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TABLE 4. Acute toxicity of aluminum to Ceriodaphnia
dubia in raw Lake Superior water at mean pH of 8.1.
Aluminum concentrations were measured and are reported
as the acid exchangeable form.

Exposure (mg.L~1)

17.7

Control - 1.3 2.1 3.7 . 8.5

Mean cumulative _ :
percent survival 100 100 50 25 ’ 0

Estimated 48-Hr ECgy = 2.56 (2.14-3.06)

Mean pH = 8.13 + 0.03
Mean Temp = 25.0 + 0.1 C
Mean DO = 7.4 + 0.1 mg/L
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A seven-day chronic exposure was attempted at pH 8.1. No
: i _
organisms survived in any exposure concentrations or the controls.
The water for the pH 8.1 tests was raw Lake Superior water.

Acute-Chronic Ratios

Exposures were successfully completed to allow the calculation
of two acute-chronic ratios. The ratio of 1.0 was computed for
the exposure pH's of 7.2-7.4 and 0.9 for the exposure pH's of
7.6-7.9 (Iable 5). The ratio of 0.9, if significantly different
from 1.0, is then likely the result of food interaction with the
Al concentratibns. The food used only in the chronic exposures
may have;sequesfered some of the free Al.

An acute-chronic ratio could not be‘ca1Culated from the expoé

Sures of pH 8.1 or 8.2.
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TABLE 5. Acute and chronic exposure effects of aluminum
to Ceriodaphnia dubia at various water pH's

Toxic Effect (mg.L~1)

Acute Chronic . Acute  Rgratio
pH 48-Hr ECgg MATC Chronic
7.2-7.4 1.9 1.9 1.0
7.6-7.9 1.5 1.6 0.9

8.1 2.6 : 1/ -

1/ No survival in control or any exposures.
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