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ABSTRACT 

In order to limit the discharge of toxic materials in toxic amounts to the 
waterways of the United States, the U. S. Environmental Protection Agency (EPA) has 
developed a 7-day survival and reproduction toxicity bioassay test using the freshwater 
cladoceran, Ceriodaphnia dubia. The North Carolina Division of Environmental 
Management has developed a less expensive modification of this test called the NC 
Ceriodaphnia Mini-Chronic PasslFail Toxicity Test. These tests are used to monitor 
discharges from wastewater treatment plants. Failure to satisfy the requirements 
(evidence of either acute or chronic toxicity) of the discharge permit constitutes an 
effluent violation. Effluent violations require that studies be conducted to determine the 
means to eliminate the violation. Thus considerable importance is attached to the 
reliability of the results of these tests. 

The present study was designed to test whether populations of C. dubia from 
different sources (commercial laboratories) were equally sensitive to test toxicants when 
all other factors which effect survival and reproduction were identical. We cultured the 
organisms in a standard, diluted mineral water (DMW) which is 10% PerrierTM and a 
natural water, filtered Botany Pond Water (BPW). These animals were then used as 
test organisms for NC Mini Chronic Toxicity Tests with copper, diazinon, 50% treated 
wastewater (50%WW) spiked with copper, and 50% treated wastewater with no copper. 

The survival of all three sources was acceptable (2 85%) vvhen cultured in either 
culture water. The reproduction of each of the three sources was significantly different 
(p 5 0.001) when cultured in DMW. Only Source 3 had significantly lower reproduction 
when cultured in BPW. Reproduction for Sources 1 and 2 was not significantly different 
(p = 0.17). Source 3 also had a higher standard deviation of reproduction than the other 
two sources. 

Toxicity tests were conducted according to the laboratory procedure specified by 
the NC Ceriodaphnia Mini-Chronic PassJFail Toxicity Test (NCDEM 1989) in such a 
way that each source was tested simultaneously under identical environmental 
conditions. The experiment then simulated toxicity tests in three different laboratories 
which used different clones of test animals but were identical in every other way. 

Of the 52 sets of toxicity tests in which individual tests with all three sources were 
valid (controls met minimum survival and reproduction standards), there were 19 (37%) 
in which the result (pass or fail) from one of the sources was different from the other 
two. Source 1 was more likely to fail when the other two passed and source 3 was 
more likely to pass when the other two failed. The genetic isolation and divergence of 
laboratory clones is quite likely one component of inter-laboratory variability in this test. 

(KEY WORDS: Ceriodaphnia dubia, whole effluent toxicity, wastewater effluent toxicity 
testing, wastewater effluent chronic toxicity, population effects on toxicity testing) 
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SUMMARY AND CONCLUSIONS 

In order to limit the discharge of toxic materials in toxic amounts to the 
waterways of the United States, the U. S. Environmental Protection Agency (EPA) has 
developed a 7-day survival and reproduction toxicity bioassay test using the freshwater 
cladoceran, Ceriodaphnia dubia. The North Carolina Division of Environmental 
Management has developed a less expensive modification of this test called the NC 
Ceriodaphnia Mini-Chronic PassIFail Toxicity Test. These tests are used to monitor 
discharges from wastewater treatment plants. Failure to satisfy the requirements 
(evidence of either acute or chronic toxicity) of the discharge permit constitutes an 
effluent violation. Effluent violations require that studies be conducted to determine the 
means to eliminate the violation. 

Some municipal laboratories report that when the same sample is tested at 
different laboratories the outcome is often different. This suggests that there is 
significant inter-laboratory variability. Previous studies in this laboratory and others 
have investigated diet and cultureldilution water as sources of inter-laboratory 
variability. Both have been found to be likely to cause some inter-laboratory variability. 
Since G. dubia reproduces by female, ameiotic parthenogenesis, genetic divergence 
can be expected when these animals are cultured in isolation for many generations as 
in toxicity testing laboratories. This genetic divergence may result in differences in the 
sensitivity of C. dubia to toxicants and account for some of the inter-laboratory 
variability. There have been only two, very limited studies of the effect of population 
source (clone) on the results of toxicity tests with C. dubia. 

The present study was designed to test whether populations (clones) of C. dubia 
from different sources (commercial laboratories) were equally sensitive to test toxicants 
when all other environmental factors (culture water, food, temperature, light, handling, 
and plasticware) factors which effect survival and reproduction were identical. We 
cultured the organisms in a standard diluted mineral water (DMW) which is 10% 
PerrierTM and a natural water, filtered Botany Pond Water (BPW). Both of these are 
acceptable cultureldilution waters under the guidelines of the NC Ceriodaphnia Mini- 
Chronic PasslFail Toxicity Test (NCDEM 1989). These animals were then used as test 
organisms for toxicity tests with copper, diazinon, 50% treated wastewater (50%WW) 
spiked with copper, and 50% treated wastewater with no copper. 

The three sources did not differ significantly in survival or reproduction when 
cultured in DMW although Source 3 had both a lower average reproduction and a 
higher standard deviation of the mean than the other two. When cultured in BPW, 
however, Source 3 had significantly lower reproduction (p50.001) than the other two. 
The average reproduction of Sources 1 and 2 was significantly (p<0.001) greater in 
BPW than in DMW. 

Toxicity tests were conducted according to the procedure specified by the NC 
Ceriodaphnia Mini-Chronic PasslFail Toxicity Test (NCDEM 1989) in such a way that 
each source was tested simultaneously under identical environmental conditions. The 



experiment then simulated toxicity tests in three different laboratories which used 
different clones of test animals but were identical in every other way. There are two 
possible outcomes to a valid NC Mini Chronic Toxicity Test-pass or fail. A "pass" 
means that the survival and reproduction of 12 "test" organisms grown in individual, 30 
mL plastic condiment cups with 15 mL of a potentially toxic solution is significantly 
less than (~20.01) the survival and reproduction of 12 "control" organisms grown in 
culture/dilution water which has no known toxicants. A "fail" means that the "test" 
significantly less than (plO.O1) the control. 

We conducted a total of 59 sets of NC Mini Chronic Toxicity Tests. A set of 
toxicity tests consisted of three individual tests with the same toxicant and control but a 
different source (clone) for each of the three i.e. three NC Mini Chronic Toxicity Tests. 
Each of these sets was conducted with identical environmental conditions (food, 
culture/dilution water, temperature, light, plasticware, glassware, and handling). Of the 
59 sets there were 52 in which individual tests with all three sources were valid (controls 
met minimum survival and reproduction standards). Of these 52 valid sets of toxicity 
tests, there were 19 (37%) in which the result (pass or fail) from one of the sources was 
different from the other two. This suggests that if identical samples were sent to three 
laboratories each of which used a different one of these clones as test animals, the 
results of about 40% of the replicates would not be the same with all three laboratories. 

After the completion of this investigation, the identity of the sources was 
revealed. Source 1 was obtained from a laboratory that had originally received the 
clone from NCDEM, but this clone had been cultured in isolation for about six years. 
Source 2 was obtained from a laboratory that originally received the clone from 
NCDEM, and this clone had only been cultured in isolation for about two years. Source 
3 was obtained from a laboratory in another state that received the original clone from 
an academic source. The above are consistent with results that suggest that Source 3 
is quite different from Sources 1 and 2 and Source 1 is somewhat different from Source 
2. These are the results which would be predicted by Snyder etal. (1991). 

The specific conclusions are as follows: 

1. Eachofthethreesources(clones)wassuccessfullyculturedfor41 
weeks in both DMW and BPW after an 8-12 week period for 
acclimatization to the laboratory culturing conditions. 

2. The average survival of each of the sources was the same (z 99%) 
in each of the culture waters. 

3. The average reproduction of each of the sources (clones) in 
cultured in DMW was significantly (pS0.001) different from the 
others. 

4. The average reproduction of each of the sources cultured in BPW 
was the same for Sources 1 and 2, but these were significantly 
(p 5 0.001) higher than for Source 3. 



5. Fifty-two valid sets of NC Mini Chronic Toxicity Tests were 
conducted on copper toxicity in DMW, diazinon toxicity in DMW, 
copper toxicity in 50%WW, and the toxicity of 50%WW. Of these 
52, there were 19 (37%) in which the results from one source were 
different from the other two. 

6. Source 3 was more likely to be associated with a "pass" i.e. no 
difference between the "test" and the "control" while Source 1 was 
more likely to be associated with a "fail". 

7. The results for all 3 sources suggested that copper was toxic at 
about 15 pg-CulL in DMW, at about 40 pg-CulL in BPW, and about 
70 pg-CuIL in 50%WW. This implies that constituents of the BPW 
and 50%WW conferred some resistance to the effects of copper. 

8. The origin of Source 1 suggested that it might be somewhat 
different from Source 2 and quite different from Source 3. This was 
confirmed by the culturing and toxicity test results. 

9. Quite clearly one source of inter-laboratory variability is the fact that 
as they reproduce for many generations, the test organisms 
diverge genetically. 



RECOMMENDATIONS 

1. This research should be repeated with additional clones selected 
from laboratories that are more geographically separated. 

2. This research should be repeated with additional clones that 
originated from the same clone at varying times in the past. 

3. Research should be conducted to determine the rate at which 
genetic change takes place while C. dubia is being cultured in 
isolation. 

4. Efforts should be made to routinely replace test animals in all 
commercial laboratories from a single source such as the 
laboratory of a regulatory agency. 

5. In addition to the current requirements for the minimum acceptable 
control reproduction, regulatory agencies should set limits on the 
maximum standard deviation of that reproduction. 



INTRODUCTION 

The goal of water quality legislation that is implemented through the National 
Pollutant Discharge Elimination System (NPDES) is to eliminate the discharge of toxic 
pollutants in toxic amounts. The U. S. Environmental Protection Agency (EPA) has 
recognized limitations in the chemical-specific approach to meet this goal and has 
determined that effluent toxicity testing with aquatic organisms is the most direct and 
cost-effective approach to the measurement of the toxicity of effluents (EPA 1 985a). 

A wastewater effluent toxicity test is designed to measure the degree of negative 
response of an organism to a specific concentration of effluent. Aquatic toxicity tests 
are used to identify effluents that have adverse effects on aquatic organisms. Toxicity 
tests measure either acute toxicity or chronic toxicity. An acute test is used to 
determine the effluent concentration, expressed as a percent volume, that is lethal to 
50% of the organisms within the prescribed period of time (LC5()), usually a period of 
four days or less. A chronic test is used to determine more subtle, low-level, long-term 
adverse effects of effluents as well as acute effects. 

EPA (1 985b, 1989) has developed methods for estimating the chronic toxicity of 
effluents to aquatic organisms. The organism which is most often used is a small 
cladoceran, Ceriodaphnia dubia. The objective of chronic aquatic toxicity testing of 
whole effluents using C. dubia is to estimate the highest "safe" or "no-effect 
concentration" of a wastewater using a sublethal endpoint, reproduction. Unlike acute 
tests, the organism must be fed to allow the long-term survival and reproduction to 
detect the more subtle test endpoint. The food and culture water specified in the 
chronic test protocol are intended to satisfy all the nutritional requirements of C. dubia. 
Two terms used to describe the chronic test endpoints are No-Observed-Effect- 
Concentration (NOEC) and Lowest-Observed-Effect-Concentration (LOEC). The 
NOEC is the highest concentration of the toxicant to which organisms are exposed that 
causes no observable statistically significant adverse effects on the test organisms. 
The LOEC is the lowest concentration of the toxicant to which organisms are exposed 
which causes statistically significant adverse effects on the test organisms. In order to 
determine the NOEC and LOEC, several concentrations must be tested (EPA 1989). 

In an effort to reduce the complexity and expense of the EPA chronic testing 
methodology, the North Carolina Division of Environmental Management developed the 
North Carolina Ceriodaphnia Chronic Effluent Bioassay Procedure which describes the 
Mini-chronic PassIFail Ceriodaphnia Effluent Toxicity Test (NCDEM 1 989). Instead of 
using an expanded dilution series to calculate the NOEC, the Mini-chronic PasslFail 
Test compares a single dilution of wastewater to a control of culture water. The dilution 
of effluent selected for testing is usually equivalent to the instream waste concentration 
(IWC) specified in an NPDES permit, and it is always given as a percent. The IWC is 
equal to the permitted discharge volume multiplied by 100, divided by the permitted 
discharge volume plus the 7Q10 (NCDEM, 1989). The 7Q10 is defined as the lowest 
average seven day flow in the receiving stream which has a probability of occurring 
once every ten years (NCDEM, 1989). The test is performed with 12 female C. dubia 
exposed to some concentration of effluent (usually the IWC) and 12 female C. dubia 



exposed to 100% culture water, each in individual test chambers. A culture water is 
whatever water is used to maintain the test population in the laboratory (either a natural 
water or diluted mineral water). Culture water is used to dilute the wastewater effluent 
to the IWC; therefore, in this report it will be referred to as the culture/dilution water. 
Test and control organisms are fed a combination of yeast, cereal leaves (CerophylB), 
and trout chow (YCT); and algae (Selenastrum capricornutum) daily. 

Dischargers in North Carolina are required to conduct chronic toxicity tests 
quarterly. They may use either the "Mini-Chronic" procedure or, recently (NCDEM 
1 %I), the standard expanded dilution series specified by EPA (1 989). Failures can 
result in requirements for more frequent testing, or even the initiation of a Toxicity 
Reduction Evaluation (TRE) to eliminate the source of the toxicity (Fergen and Budd 
1990, EPA 1991). 

Because a TRE is both complicated and expensive to perform, a high level of 
confidence must be placed in the Mini-chronic PasslFail Ceriodaphnia Effluent Toxicity 
Test outcome. However, problems have arisen with the application and interpretation 
of chronic bioassays with C. dubia. Many investigators who culture and test with C. 
dubia periodically encounter problems maintaining healthy populations of animals in the 
laboratory (DeGraeve and Cooney 1987). Also, some municipalities report that the 
results on identical samples tested in different laboratories are different. Sources of 
variability in toxicity tests include the inter- and intra-laboratory variation in culturing 
techniques, test methods, and organism sensitivity that may affect toxicity test results 
(Warren-Hicks and Parkhurst 1990). 

There are two possible sources for inter-laboratory variability. The first of these 
is environmental while the second is genetic. Environmental factors include variations 
in cultureldilution water, food, temperature, light, and technique in different laboratories. 
Problems with this bioassay have most frequently been attributed to diet (Cowgill et al. 
1985; Winner 1989) or to the cultureldilution waters (DeGraeve and Cooney 1987). 
Genetic factors arise from the fact that C. dubia reproduces parthenogenically so that 
all of the offspring have identical genomes. However, reproduction occurs in isolation 
for long periods of time in each laboratory. Therefore, it is possible that each laboratory 
develops a genetically unique clone even if the original sources of animals were not 
unique (Snyder et a/. 1991). 

Environmental factors affecting culture and test variability 

Diet has been studied most extensively as a source of variability in bioassay 
(Belanger et a/. 1989, Cooney et al. 1992, Cowgill et al. 1985, Francisco et al. 1993, 
Goulden et al. 1982, Knight and Waller 1992, LaRocca et al. 1994, Norberg-King and 
Schmidt 1993, Patterson et al. 1992, and Winner 1989). Diets which include the alga, 
S. capricornutum, as well as YCT have now been accepted as the standard for culturing 
C. dubia (EPA 1989, NCDEM 1989) although both LaRocca et a/. (1 994) and Belanger 
et al. (1 989) have shown that multi-algal diets support more robust animals. 

Cultureldilution water has been studied less extensively than diet as a source of 
bioassay variability. Laboratories are allowed by current procedures to use either a 



natural or a synthetic water for cultureldilution (EPA 1989 and NCDEM 1989). The 
most commonly used synthetic source is diluted PerrierTM. North Carolina recommends 
10% PerrierTM diluted in distilled, deionized water (NCDEM 1989). Natural waters may 
also be used as cultureldilution waters. Of course, these are quite variable both 
spatially and temporally. 

C. dubia survival and reproduction in different cultureldilution waters were 
investigated by the Electric Power Research Institute (EPRI 1988 and Cooney, et a/. 
1992b). While these studies showed no difference in survival or reproduction among 
the three waters tested, these results were based on only 10 C. dubia cultured in a 
single 250 mL beaker one time for each test condition. Patterson et a/. (1 992) tested 3 
cultureldilution waters (2 synthetic and 1 natural) and concluded that the natural water 
supported the higher reproduction in all tested combination of food types This study 
was based on < 30 adults for each test treatment (combination of food and 
cultureldilution water). An extensive study of the effect of cultureldilution waters by 
Francisco et a/. (1 993) concluded that there was significant variability in the survival and 
reproduction of C. dubia in different cultureldilution waters and that this might be a 
determinant in the response of C. dubia to toxicants. 

The need for the addition of trace elements and organic nutrients to 
cultureldilution water has often been discussed (Keating, eta/.  1989), but only a few 
studies have been done. Elendt and Bias (1990) developed a defined medium 
containing an extensive set of trace elements and reported that it was a successful 
medium for the culture of Daphnia magna. Investigations of selenium additions to 
cultureldilution water have given contradictory results. Keating and Dagbusan (1 984) 
found that healthy populations of D. pulex and D. magna could not be maintained in 
cultureldilution waters containing less than 0.1 ppb of selenium. Culturing with less 
selenium resulted in premature cuticle deterioration, progressive loss of distal segments 
of second antennae, and a shortened lifespan. Keating et a/. (1 989) suggested that 
selenium may need to be dissolved in solution (not available in solid food) to be 
assimilated by the daphnid. Winner (1989) reported that the addition of selenium 
decreased the number of eggs aborted, the number of dead young, and increased the 
number of young per female. Elendt and Bias (1990) reported that the addition of 
selenium to a defined medium improved the quality of the medium. In other studies, 
however, the addition of selenium to cultures did not affect survival or reproduction 
(EPRI 1988; Cooney et a/. 1992). 

Genetic factors affecting culture and test variability 

Ceriodaphnia dubia, a member of the Family Daphniidae in the Order Cladocera, 
is generally assumed to be a cyclic parthenogenic species in which unstressed 
populations consist solely of females that produce young by ameiotic parthenogenesis 
(Berner 1986). When environmental conditions are stressed, males are produced by 
pathogenesis. These males produce haploid sperm that fertilize the haploid eggs 
produced by the females. The fertilized eggs (zygotes) develop as ephippial eggs 
which are capable of withstanding harsh conditions and hatch into parthenogenic 
females upon the restoration of favorable conditions. Routine culturing of these 



organisms is conducted in such a way as to maintain favorable environmental 
conditions. Therefore, in the laboratory these animals reproduce parthenogenically in 
isolation from other populations under conditions that discourage sexual reproduction. 
These organisms become true clones in which all individuals have the same genetic 
composition. Genetically unique populations (clones) of a related genus, Daphnia 
longispina, are even found in nature in conditions that allow isolation because of 
predation pressures (King and Miracle 1995). 

Snyder et a/. (1 991), in a study of the allozymic (8 polymorphic loci) variability of 
laboratory and wild stocks of three Ceriodaphnia species including C. dubia from 
toxicity testing laboratories, concluded that there was much less allozymic variability in 
the laboratory populations than the wild populations. However, he points out that the 
wild populations were not C. dubia and all of the C. dubia populations were 
descendants of a clone at EPA's Environmental Research Laboratory in Duluth, MN. 
He argues that homozygosity for limited number of "allozymic loci should, in no way, be 
inferred as homozygosity or monomorphism of the entire genome of the population." In 
fact, he states that "separate laboratory populations would be expected to diverge 
genetically if they are isolated from each other for many generations." 



OBJECTIVES 

The goal of this study was to ascertain whether the laboratory source of test 
animals is a significant factor accounting for the variability of the outcome of Chronic 
Bioassays with Ceriodaphnia dubia. The specific objectives were: 

1. to determine whether there is a difference between the 
survival and reproduction of different populations (clones) of 
C. dubia grown in diluted mineral water (DMW, 10% 
PerrierTM) with identical food and under identical conditions; 

2. to determine whether different populations of C. dubia 
cultured in DMW are equally sensitive to the toxicants, copper 
and diazinon spiked into DMW; 

3. to determine whether there is a difference between the 
survival and reproduction of different populations (clones) of 
C. dubia grown in a natural water, Botany Pond water (BPW), 
with identical food and under identical conditions; 

4. to determine whether different populations of C. dubia 
cultured in Botany Pond water are equally sensitive to the 
toxicant, copper spiked into BPW; 

5. to determine whether different populations of C. dubia 
cultured in DMW are equally sensitive to the toxicants present 
in a treated wastewater diluted to 50% with DMW (50%WW); 
and 

6. to determine whether different populations of C. dubia 
cultured in DMW are equally sensitive to the toxicant, copper 
spiked into 50%WW. 



METHODS 

Culture Maintenance 

In March and April of 1993, populations of C. dubia were obtained from three 
laboratories from both within and outside of North Carolina. Each population had been 
cultured in the respective laboratory for 2-6 years. After these cultures were 
established and acclimatized by culturing in our laboratory for 8-1 2 weeks (8-1 2 
generations), they were randomly assigned a code to assure that there were no 
laboratory source biases in the subsequent investigation. These clones were referred 
to as Source 1, Source 2, or Source 3. These codes were not related back to the 
actual sources until after the project was concluded. Throughout this report the clones 
will be referred to as Source 1, Source 2 and Source 3. Individual and mass cultures 
for each source were started and maintained according to the guidelines in "Short Term 
Methods for Estimating the Chronic Toxicity of Effluent and Receiving Waters to 
Freshwater Organism" (EPA 1989). Modifications to these guidelines were made 
according to the "North Carolina Ceriodaphnia Chronic Effluent Bioassay Procedure 
(NC Ceriodaphnia Mini-C hronic PassIFail Toxicity Test)" (NCDEM 1 989). l ndividual 
cultures were maintained in order to provide a constant source of animals for use in 
chronic bioassays. Mass cultures were continuously maintained to provide a "backup" 
reservoir of animals in case of poor reproductive performance of C. dubia in the 
individual cultures. 

Cultures were maintained in two different cultureldilution waters, diluted mineral 
water (DMW) and Botany Pond water (BPW). DMW was prepared by diluting PerrierTM 
to 10% in deionized, glass-distilled water (Megapure System D l  Deionizer and AGI 1 
Still (Corning Corporation) operated in series. BPW was collected monthly from Botany 
Pond which is located on the University of North Carolina at Chapel Hill Mason Farm 
Biological Preserve. The entire watershed is undeveloped woodland. As the BPW was 
collected, it was filtered through a I pm polypropylene wound fiber filter (Carborundum 
Corporation) into 5 gal Nalgenm carboys. The hardness of BPW was adjusted to 40 
mg/L as CaC03 with PerrierTM. The filtered, hardness-adjusted water was stored in a 
cold room at 4°C until use. DMW was prepared twice weekly as specified by EPA 
(1 989). After preparation, both DMW and BPW were aerated overnight with zero grade 
compressed air to equilibrate the solution with the atmosphere. Conductivity, pH, 
temperature, dissolved oxygen, alkalinity, and hardness (as CaC03) were measured 
before the solution was used. 

Two sets of individual culture boards were maintained, one for DMW and one for 
BPW. For each individual culture, single C. dubia were cultured in 30 mL plastic 
condiment cups (Plastics, lnc.) containing 15 mL of DMW or BPW. The cups were 
randomly located on each board using the procedure described in EPA (1989). Every 
Wednesday, 12 new individual cups were started for each source of C. dubia with 
neonates that were less than 24 hours old, from a third or subsequent brood, and were 
born within the same 8 hr period. C. dubia were transferred to 15 mL of fresh 



cultureldilution water every Friday and Monday. At the time of transfer all progeny were 
counted and mortality was recorded. In mass cultures, 50 C. dubia were maintained in 
20 cm diameter bowls (Carolina Biological) containing 750 mL of either DMW or BPW 
water. Mass cultures were also started on a Wednesday, but were not renewed until 
the following Wednesday. Mass cultures for each source contained a mix of adults and 
neonates. Individual cultures were fed daily and immediately following transfer to fresh 
cultureldilution water. Mass cultures were fed every other day to minimize fouling of the 
mass culture bowls. Details of culturing and maintenance procedures are described 
below. 

C. dubia in both individual and mass cultures were fed a mixture of yeast, cereal 
leaves, and trout chow (YCT) and the green alga, Selenastrum capricornutum. The 
YCT mixture was prepared as described in EPA (1989). The constituents of the YCT 
were obtained from the following sources: yeast (Fleischmann's Brand), cereal leaves 
(Sigma Chemical Company), and trout chow (Carolina Biological). After preparation, 
the YCT was placed in 125 mL ~ a l ~ e n e @  bottles and frozen until it was needed. 

Selenastrum capricornutum cultures were started from slants obtained from the 
collection at the University of Texas in Austin (UTEX 1638). The stock cultures of the 
alga were grown on slants of Marine Biological Laboratory (MBL) medium (Stein 1973) 
with a vitamin enrichment (Goulden and Henry 1991). These stock cultures were 
maintained in the laboratory throughout this investigation in screw capped test tubes at 
4°C in the dark. Initially, 100 mL of vitamin-enriched MBL was distributed into each of 
six-250 mL, sterilized Erlenmeyer flasks and inoculated from a stock-culture slant using 
a sterilized inoculating loop (EPA 1989). Once liquid culturing of S. capricornutum was 
established in the laboratory, new cultures were initiated from concentrated stock 
solutions used to make up the feeding stock as described below. Sterile technique was 
used during flask inoculation. After inoculation, the flasks were stoppered with sterile, 
cheesecloth-wrapped cotton and placed on a G I  0 Gyrotory Shaker Table (New 
Brunswick Scientific). These were incubated at 25°C under continuous illumination with 
Cool White Fluorescent lights ( 4 5 0  ft-c). The cultures were grown for one week and 
were harvested when the flasks turned visibly green. 

In the first step of the harvesting process, the contents of the six Erlenmeyer 
flasks were combined and mixed gently in a 1000 mL Erlenmeyer flask. This combined 
volume of algae was evenly distributed into 50 mL Pyrex glass centrifuge tubes with the 
remainder set aside to determine algal cell concentration. The tubes containing algae 
were centrifuged in a Model UV International Centrifuge (International Equipment 
Company) at approximately 1400 rpm for 30 minutes. After 30 minutes, the tubes were 
collected from the centrifuge and the supernatant was discarded leaving a pellet of 
algal cells at the bottom of each tube. Algal cells from all the tubes were then rinsed 
into two tubes with DMW and re-suspended with a small volume of DMW solution. 
These two tubes were centrifuged again at approximately 1400 rpm for 20 minutes and 
the supernatant was discarded. The algal cells were rinsed into one of the two 
remaining tubes with DMW and re-suspended with 30 mL of DMW solution. The 30 mL 
were transferred to a 50 mL Erlenmeyer flask and the remaining tube was completely 
rinsed with 10 mL of DMW into the 50 mL flask. The 40 mL of algal cell concentrate 



was used to make up S. capricornutum food stocks for the individual and mass 
cultures. Algal concentrate was stored in a dark 4°C refrigerator until it was needed. 

The algal cell concentration was determined by charging two chambers of a 
Bright-Line Hemacytometer (American Optical) with samples from the combined volume 
of algae contained in the 1000 mL Erlenmeyer flask. After allowing the cells to settle 
(4-5 minutes) in the hemacytometer, the number of algal cells in ten replicate squares 
(5 squares per chamber) were counted. This step was repeated twice more for a total 
of 30 squares. The counts of the 30 squares were averaged together to determine the 
average cell concentration within the harvested culture. This average was multiplied by 
2.5 x 1 o5 and volume centrifuged to get the total number of cells in the volume 
centrifuged. The total number of cells was divided by 40 (the volume of the alga 
concentrate) to determine the cell density of the concentrate. The recommended cell 
density for feeding is 1.71 x 10' cells (NCDEM 1989). The recommended cell density 
was divided by the cell density of the harvested algae to get a ratio. This ratio was 
multiplied by 100 to determine the volume of concentrate needed to make up 100 mL of 
feeding stock. 

Each day each 15 mL cup of test solution containing a single C. dubia was fed 
50 pl of YCT and 50 p1 of S. capricornutum (NCDEM 1989) using a Nichiryo 200 pL 
micropipetter. Each mass culture dish was fed 3.3 mL of YCT and algae on a 
Wednesday, Thursday, Saturday, and Monday schedule. The concentration of S. 
capricornutum given to both individual and mass cultures was approximately 5.7 x 1 o4 
cells1mL. It was determined over the course of culturing and testing C. dubia that the 
timing of food delivery to the neonates had a direct affect on their survival, especially 
when transferring them to solutions containing toxicants. It was important that each 
population be fed immediately following their transfer to fresh cultureldilution water or 
test solution. 

Individual cultures were incubated in a Precision Dual Program Illuminated 
Incubator (CGA Corporation) maintained at 25 k 1 "C. Mass cultures were in a culture 
room maintained at the same temperature as the individual cultures. Both individual 
and mass cultures were illuminated with Cool White Fluorescent lights on a 16 hr light, 
8 hr dark photoperiod regulated by automatic timing devices. Light intensity in the 
incubator was approximately 60 ft-c, and it was approximately 30 ft c in the culture 
room. 

On the day before a new individual culture was initiated, adult C. dubia were 
monitored in several 8 hr windows. A window is defined as a period of time (0-8 hours) 
during which the emergence of neonates from the adult is monitored. All neonates from 
a third or subsequent brood that were born within the same 8 hr window were placed in 
a beaker containing 50 mL of DMW. Before the emerging neonates were 24 hours old, 
one neonate was transferred from the beaker of neonates into each of 12 new culture 
cups. The combining of neonates into a beaker before transfer to a new cup allowed 
for the random selection of neonates for the initiation of a new culture board. This 
procedure was followed for all three sources of C. dubia. Only neonates from each 
source that were born within the same 8 hr window, were from third or subsequent 
broods that were 8 or larger in number were used to initiate new individual cultures. 



Neonates not used for new individual cultures and adults from the previous week's 
individual cultures were used to initiate new mass cultures. 

Each source of C. dubia was cultured in both DMW and Botany Pond under 
identical conditions (same food, same water, and same incubation conditions) as 
described above for a total of 41 weeks. During this time, the DMW individual culture 
boards served as the source of neonates to initiate all tests which evaluated the toxicity 
of copper in DMW, the toxicity of diazinon in DMW, the toxicity of treated wastewater 
(50°/oWW), and the toxicity of 50%WW spiked with copper. BPW individual culture 
boards served as the source of neonates for the tests that evaluated the toxicity of 
copper in BPW. 

Toxicity studies were conducted with both copper and diazinon as the 
experimental toxicants. A 1 mg/L copper stock solution was prepared from a 1000 mg- 
CuIL reference solution (Fisher Scientific). A 20 pg/L stock solution of diazinon used in 
these studies was prepared from a 5 mglL stock solution which, in turn, was prepared 
from a high purity (99.8%) diazinon standard (Accurate Chemical Corporation). 

Toxicity tests were conducted according to the procedure specified by the NC 
Ceriodaphnia Mini-Chronic PassIFail Toxicity Test (NCDEM 1989) in such a way that 
each source was tested simultaneously under identical environmental conditions 
(culture water, temperature, food, and light). The experiment then simulated toxicity 
tests in three different laboratories which used different clones of test animals but were 
identical in every other way. For each test, the appropriate volume of the copper or 
diazinon stock solution was added to 250 mL of the particular cultureldilution water 
(DMW, BPW, or 50%WW) required for the specific test. This was then dispensed into 
the same 30 mL plastic condiment cups (Plastics, lnc.) used for the individual cultures. 
Twelve neonates in 12 cups were tested at each concentration and compared to a 
culture/dilution water control using the statistical methods in the NC Ceriodaphnia Mini- 
Chronic PassIFail Toxicity Test (NCDEM 1989). There are two possible outcomes to a 
valid NC Mini Chronic Toxicity Test-pass or fail. A "pass" means that the survival and 
reproduction of 12 "test" organisms grown in individual, 30 mL plastic condiment cups 
with 15 mL of a potentially toxic solution is significantly less than (~20.01) the 
survival and reproduction of 12 "control" organisms grown in culture/dilution water which 
has no known toxicants. This was replicated for each source so that each source was 
tested under identical environmental conditions. A "fail" means that the survival and 
reproduction in the "test" & significantly less than (~50.01) the control. A "set" of toxicity 
tests was three tests, one for each source, at a single concentration of toxicant and 
identical environmental conditions. 

Toxicity Studies in DMW 

Preliminary tests were conducted to determine the concentration range over 
which toxicity could be expected for each of the toxicants--copper and diazinon. It was 
determined in these preliminary studies that a copper concentration below 10 pg/L 
seldom resulted in any reduction in reproduction while a copper concentration above 25 
vglL always resulted in a substantial decrease in reproduction as well as mortality. For 



this reason, tests were conducted at 12.5, 15.0, 17.5, and 20 pg-CuIL. For diazinon, 
these preliminary studies indicated that a diazinon concentration below 200 ng/L 
seldom resulted in any reduction in reproduction while a diazinon concentration above 
500 ng1L always resulted in a substantial decrease in reproduction as well as mortality. 
For this reason, tests were conducted at 250, 300, 325, and 350 ng-diazinonll. Each 
test with copper or diazinon was conducted as a single chronic toxicity test using the 
laboratory and statistical procedures specified in the NC Ceriodaphnia Mini-Chronic 
PasslFail Toxicity Test (NCDEM 1 989). 

Toxicity Studies in BPW 

Preliminary tests were conducted to determine the concentration range over 
which toxicity could be expected for copper in BPW. It was determined in these 
preliminary studies that a copper concentration below 35 pg/L seldom resulted in any 
reduction in reproduction while a copper concentration above 55 pg1L always resulted in 
a substantial decrease in reproduction as well as mortality. For this reason, tests were 
conducted at 40, 45, and 50 pg-CulL. As with the DMW studies, each test was 
conducted as a single chronic toxicity test using the laboratory and statistical 
procedures specified in the NC Ceriodaphnia Mini-Chronic PasslFail Toxicity Test 
(NCDEM 1989). 

Toxicity Studies in 50% Treated Wastewater 

The original intent of the wastewater toxicity studies was to locate a treatment 
plant that regularly had violations of the effluent chronic toxicity limit and to test this 
effluent using each of the three sources of C. dubia. Tests were conducted on three 
treatment plants that often had chronic toxicity violations, but none of these was 
producing a consistently toxic effluent during this testing period. This was very likely 
due to changes which had been made in the treatment processes or the industrial 
waste contributions just before this study began. 

Therefore, we determined to test the toxicity of copper spiked into a treated 
wastewater to simulate copper toxicity due to an input to the treatment plant. The 
wastewater was diluted to 50% with DMW because this was a dilution which was 
thought to be very unlikely to cause chronic toxicity in the absence of added copper. 

The effluent selected for testing was supplied weekly by the South Burlington 
Wastewater Treatment Facility located in Burlington, North Carolina. Four liters of a 24- 
hr composite effluent wastewater sample was collected and shipped (usually by 
treatment plant courier) on ice in 2-2 L plastic jugs to the UNC-CH laboratory every 
Wednesday. Wastewater from the two jugs was combined in a 20 L NalgeneB 
container and kept in a cold room maintained at 4°C until a test was initiated or a 
renewal was made. 

Preliminary tests were conducted to determine the concentration range over 
which toxicity could be expected due to copper in the 50% WW. It was determined in 
these preliminary studies that a copper concentration below 60 pglL seldom resulted in 



any reduction in reproduction while a copper concentration above 150 pg/L always 
resulted in a substantial decrease in reproduction as well as mortality. For this reason, 
tests were conducted at 70, 100, and 135 pg-CulL. As with the DMW studies, each test 
was conducted as a single chronic toxicity test using the laboratory and statistical 
procedures specified in the NC Ceriodaphnia Mini-Chronic PasslFail Toxicity Test 
(NCDEM 1989). Unlike the DMW and BPW studies there were two controls for the 
wastewater studies-DMW and 50%WW. The 50%WW control was to determine that 
the toxicity was due to the copper spiked into the 50%WW rather than the 50%WW 
itself. 

Statistical Methods 

Summary statistics of reproduction during the 41 week culture period for each 
Source in DMW and BPW were prepared using the SYSTATTM statistical analysis 
system. In addition, this same system was used to make the t-test comparison of the 
equality of mean reproduction among the three sources. 

A number of NC Ceriodaphnia Mini-Chronic PasslFail Toxicity Tests (NCDEM 
1989) were conducted to compare the results of this test among the three sources. The 
statistical analyses were conducted according to the procedures specified by NCDEM 
(1989) using a program which had been developed for that purpose in our laboratory. 



RESULTS 

Studies in DMW CultureIDilution Water 

Each of the three sources was cultured for 41 weeks under identical conditions in 
the DMW culture/dilution water. Figure 1 illustrates the average per cent survival during 
each culture week for each source. Each of the sources had an average survival of 
over 99O/0. 

Figure 2 illustrates the average number of neonates produced by each source 
during each week of the study. For the most part, the average reproduction of each of 
the sources exceeded 15 neonates for the 3-brood, 7-day duration of the weekly 
studies. While Source 3 most often produced the fewest number of neonates and had 
the highest standard deviation, a t-test confirmed that the reproduction supported by 
each of the sources was significantly different from the others (Table 1). The CV for all 
three sources was quite high although it did not eliminate the statistical difference 
among the sources. 

Table 1 Mean and Standard Deviation of 
Reproduction (Number of Neonates) 
for Each Source Cultured in DMW 
During the 41 Week Culture Period 

Coefficient 
Standard of 

Source Mean Deviation Variation 

aSource 1 and Source 2 are significantly 
different, p<0.001 

b Source 1 and Source 3 are significantly 
different, plO.OO1 

C Source 2 and Source 3 are significantly 
different, plO.OO1 

Copper Toxicity Studies In order to determine whether each source was equally 
susceptible or resistant to the effects of copper, we simultaneously conducted several 
NC Ceriodaphnia Mini-Chronic PasslFail Toxicity Tests (NCDEM 1989) which 
compared the survival and reproduction of each source with copper ("Test") to that 
without copper ("Control"). If there was more than 20% mortality in the controls or the 



Figure 1 Average weekly per cent survival of each source of C. 
dubia cultured in DMW 
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Source 





controls produced fewer than 15 neonates, the tests were invalid according to the 
standards of NCDEM (1 989). The average results for reproduction are illustrated in 
Figure 3. The average number of neonates produced during these tests by the Source 
3 "controls" was always less than the "controls" of the other two sources. In all cases 
except Source 3 at 12.5 pg-Cu/L, the number of neonates produced in the "control" was 
greater than the "test". There was clearly a concentration effect as the difference 
between the "controls" and "tests" was greater at higher concentrations. 

Table 2 presents the results of the NC Ceriodaphnia Mini-Chronic PasdFail 
Toxicity Test (NCDEM 1989) for 15 sets of tests in which each source was exposed to 
the same concentration of copper under identical conditions of food, light, and 
temperature. A "P" (pass) indicates that the test survival and reproduction was not 
significantly different from the control using the statistical techniques specified for the 
NC Ceriodaphnia Mini-Ch ronic PassIFail Toxicity Test. An "F" (fail) indicates that the 
"test" was significantly different from the "control." Nine of the 15 tests yielded the 
same result for all three sources (3 all "pass" and 6 all "fail"). Source 1 failed twice 
while the other two sources passed. Source 3 was different from the other two four 
times (2 "pass" and 2 "fail"). 

Diazinon toxic it^ Studies We also determined the toxicity of diazinon to each 
source using the NC Ceriodaphnia Mini-Chronic PassIFail Toxicity Test (NCDEM 1 989). 
The average results are presented in Figure 4. At 250 ng/L there was very little, 
difference between the "controls" and the "tests". At 300 and 325 ng/L, the difference 
between the Source 1 "tests" and "controls" was minimal while that for Sources 2 and 3 
was much greater. At 350 ng/L all of the sources exhibited substantially lower 
reproduction than in the corresponding controls. 

Table 3 presents the results of the NC Ceriodaphnia Mini-Chronic PasdFail 
Toxicity Test (NCDEM 1989) for 16 sets of tests in which each source was exposed to 
the same concentration of diazinon under identical conditions of food, light, and 
temperature. The meaning of the "P" (pass) and "F" (fail) is the same as for Table 2. 
Eleven of the 14 valid comparison tests yielded the same result for all three sources (1 0 
all "pass" and 1 all "fail"). Source 2 failed twice while the other two sources passed. 
Source 3 "passed" once while the other two sources "failed." Comparisons could not be 
made for two of the tests because the controls for Sources 1 and 2 had > 20% 
mortality. 





Table 2 ~esul ts '  of Multiple Replicates of the NC Mini Chronic 
Pass/Fail Toxicity Test of Copper in DMW Compared to 
DMW Controls 

Concent ration 
pg-CulL Replicate # 

12.5 1 

2 

3 

1 

2 

3 

4 

5 

1 

2 

3 

1 

2 

3 

4 

Results of NC Mini Chronic Test 

Source 1 Source 2 Source 3 

1 A "P" (pass) means that the test was not significantly less than 
the controls at pS0.01 while an "F" (fail) means that the test 
was significantly less than the controls at p50.01 





Table 3 ~esul ts '  of Multiple Replicates of the NC Mini Chronic 
PasslFail Toxicity Test of Diazinon in DMW Compared 
to DMW Controls 

Results of NC Mini Chronic Test 
Concent ration 
ng-DiazinonIL Replicate # Source 1 Source 2 Source 3 

1 A "P" (pass) means that the test was not significantly less than 
the controls at p50.01 while an "F" (fail) means that the test 
was significantly less than the controls at ps0.01 

*Invalid test due to excessive control mortality 

Studies in BPW Culture/Dilution Water 

Each of the three sources was cultured for 41 weeks under identical conditions in 
the BPW culture/dilution water. Figure 5 illustrates the average weekly per cent survival 
for each source. Each of the sources had an average survival of over 98% 

Figure 6 illustrates the average number of neonates produced by each source 
during each week of the BPW study. For the most part, the average reproduction of 
each of the sources exceeded 15 neonates for the 3-brood, 7-day duration of the 
weekly studies. Only Source 3 had periods in which the reproduction was fewer than 
15 neonates during the 3-brood, 7-day period. 



Figure 5 Average per cent survival of each source of C. dubia 
cultured in BPW 

Source 



Figure 6 Average reproduction of each source of C. dubia 
cultured in BPW 
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Table 4 presents the results of the statistical analyses of reproduction for each 
source during the entire 41 week culture period. The mean reproduction for Sources 1 
and 2 was about the same but substantially higher than Source 3. In addition, the 
standard deviation was greatest for Source 3. While the CV of Source 3 was the 
largest, all of the CV's were quite large. A t-test was performed to determine whether 
reproduction was different among the sources. Reproduction was significantly less for 
Source 3 than for either Source 1 or Source 2, and Source 1 and Source 2 were not 
significantly different from each other. 

Table 4 Mean and Standard Deviation of 
Reproduction (Number of Neonates) 
for Each Source Cultured in BPW 
During the 41 Week Culture Period 

Coefficient 
Standard of 

Source Mean Deviation Variation 

1 27.8a 5.7 0.21 

2 27.3b 4.6 0.1 7 

3 21 .4a9b 9.0 0.42 

aSource 1 and Source 3 are significantly 
different, p10.001 

b~ou rce  2 and Source 3 are significantly 
different, p<0.001 

er Toxicitv Studies In order to determine whether each source was equally 
susceptible or resistant to the effects of copper, we simultaneously conducted several 
NC Ceriodaphnia Mini-Chronic PassIFail Toxicity Tests (NCDEM 1989) which 
compared the survival and reproduction of each source cultured in BPW with copper 
("test") to that in BPW without copper ("control"). The average results for reproduction 
are illustrated in Figure 7. The average number of neonates produced during these test 
periods by the Source 3 "controls" was always less than the "controls" of the other two 
sources. In all cases the number of neonates produced in the "control" was greater 
than the "test". At both 45.0 and 50.0 pg-CuIL the average number of neonates 
produced by Sources 1 and 2 was nearly identical while these were much greater than 
for Source 3. 

Table 5 presents the results of the NC Ceriodaphnia Mini-Chronic PassIFail 
Toxicity Test (NCDEM 1989) for 12 sets of tests in which each source was exposed to 
the same concentration of copper under identical conditions of food, light, and 
temperature. The meaning of the "P" (pass) and "F" (fail) is the same as for Table 2. 



Figure 7 Average toxicity (difference between the control and 
test reproduction) of copper to each source of C. dubia 
cultured in BPW 
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Six of the 10 valid comparison tests yielded the same result for all three sources (2 all 
"pass" and 4 all "fail"). Source 1 failed once when the others passed, and Source 3 
passed three times when both Source 1 and Source 2 failed. Comparisons could not 
be made for two of the replicates because the Source 3 controls failed to achieve the 
minimum reproduction for a valid test. 

Table 5 ~esul ts '  of Multiple Replicates of the NC Mini Chronic 
PassIFail Toxicity Test of Copper in BPW Compared to 
BPW Controls 

Results of NC Mini Chronic Test 
Concentration 
vg-Copper/L Replicate # Source 1 Source 2 Source 3 

1 A "P" (pass) means that the test was not significantly less than 
the controls at p<0.01 while an "F" (fail) means that the test 
was significantly less than the controls at p50.01 

'Invalid test due to excessive control mortality 

Treated Wastewater Studies 

For each source, 12 NC Ceriodaphnia Mini-Chronic PassIFail Toxicity Tests 
(NCDEM 1989) were conducted assessing survival and reproduction in 50% treated 
wastewater (50%WW) spiked with copper as compared to survival and reproduction in 
controls cultured in DMW. The average results are presented in Figure 8. The DMW 
controls for Sources 1 and 2 produced considerably more neonates than the Source 3 
controls. The difference between the "controls" and the "tests" was about the same for 



Figure 8 Average toxicity (difference between the control and 
test r&production-) of copper to each source of C. dubia 
cultured in 50%WW 
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each source at both 70.0 and 100.Opg-CulL spiked into 50%WW, but there was a very 
large decrease in neonate production at 135.0 pg-CuIL spiked into 50%WW. 

Table 6 presents the results of the NC Ceriodaphnia Mini-Chronic PasslFail 
Toxicity Test (NCDEM 1 989) for 12 sets of tests in which each source was exposed to 
the same concentration of copper in 50%WW under identical conditions of food, light, 
and temperature. Also, shown on this table are the results of the simultaneously 
conducted tests in 50%WW with no copper. The meaning of the "P" (pass) and "F" 
(fail) is the same as for Table 2. 

Four of the 9 valid comparison tests of Cu-spiked 50%WW versus DMW yielded 
the same result for all three sources (all "fail"). Source 1 failed twice when the others 
passed. Source 2 passed once when the other two failed. Source 3 failed once when 
both Source 1 and Source 2 passed, and it passed once when both of the others failed. 
Comparisons could not be made for three of the replicates because one or more of the 
controls failed to achieve the minimum reproduction for a valid test. 

Since 50%WW controls were also maintained during this experiment in an effort 
to determine whether chronic toxicity was due to the added copper or to constituents of 
the wastewater, it is also appropriate to compare the survival and reproduction in the 
5O0/0WW to that in the DMW controls as in a normal NC Ceriodaphnia Mini-Chronic 
PassIFail Toxicity Test (NCDEM 1989). These results are also presented in Table 6. 
Because the same 50°/oWW control was used for as many as two Cu-spiked 50%WW 
tests, some of the 50%WW data in Table 6 is redundant. Three of the four valid 
comparisons between 50%WW and DMW controls were the same for all sources (2 all 
pass and 2 all fail). Source 1 failed during one experiment while the other two passed. 

A comparison of the results of the Cu-spiked 50%WW tests and the unspiked 
50°/oWW each compared to DMW controls shows the effect of the copper additions 
independently of the constituents of the wastewater. For Source 1, five of the ten valid 
comparisons suggested that toxicity was due to copper addition. For Source 2, only 
two of the nine valid comparisons suggested copper toxicity. For Source 3, three of the 
seven valid comparisons suggested copper toxicity. Both Source 1 and 3 had one 
anomalous result where the 50%WW failed, but the copper addition did not. 



Table 6 ~esul ts '  of Multiple Replicates of the NC Mini Chronic 
PasslFail Toxicity Test of Copper in 50%WW Compared to 
DMW Controls and 50%WW Compared to DMW Controls 

Results of NC Mini Chronic Test 

Source 1 Source 2 Source 3 

Concentration Replicate 50% 50% 50% 
pg-CopperIL # cu2 ww3 cu2 ww3 CU' ww3 - - - -  - - 

1 A "P" (pass) means that the test was not significantly less than the 
controls at p<0.01 while an "F" (fail) means that the test was 
significantly less than the controls at p50.01 

2 This is 50%WW spiked with copper, "test", compared to DMW, "control" 
3 This is 5O0/0WW with no copper, "test", compared to DMW, "control". 
4 ~ o  50%WW tested 
*Invalid test due to poor DMW Control reproduction (<I5 neonates per 

adult) 



DISCUSSION 

The purpose of the NC Ceriodaphnia Mini-Chronic PasslFail Toxicity Test 
(NCDEM 1989) is to determine whether a treated effluent is sufficiently non toxic to 
Ceriodaphnia dubia to meet the limitations of the discharger's NPDES permit. It, 
therefore, is desirable that the results of the NC Mini Chronic Test be the same in the 
many laboratories which conduct these tests for compliance purposes under contract to 
dischargers. One of the differences among these laboratories is the stock of test 
animals. In many cases, these animals have been cultured for several years in genetic 
isolation in specific laboratories while being used for toxicity studies. 

Belanger et a/. (1 989) and Snyder et a/. (1 991) have studied these effects and 
concluded that there was no difference between populations. However, there were 
limitations in the studies of both investigators. The Belanger et al. (1989) study 
measured only acute toxicity and had three or fewer replicates. Also, Snyder et a/. 
(1 991) suggests that Belanger's animals had the same original source 2-5 years earlier. 
Snyder et a/. (1 991) also cautions that since he measured only nine loci, his results 
should not be considered as confirmation that the entire genome of his populations is 
identical and that genetic divergence can be expected when these animals are grown in 
genetic isolation. 

The present study was designed to test whether populations of C. dubia from 
different sources (commercial laboratories) were equally sensitive to test toxicants when 
all other factors which effect survival and reproduction were identical. We cultured the 
organisms in a standard diluted mineral water (DMW) which is 10% PerrierTM and a 
natural water, filtered Botany Pond Water (BPW). Both of these are acceptable 
culture/dilution waters under the guidelines of the NC Ceriodaphnia Mini-Chronic 
PasslFail Toxicity Test (NCDEM 1989). Sufficient quantities of culture water were 
prepared to culture each animal from all 3 sources in the same batch of culture water. 
The animals were fed a standard food of YCT and Selenastrum capricornutum. 
Sufficient quantities of the 2 foods were prepared to feed each animal from all 3 
sources from the same batch of food. New cultures were initiated with neonates that 
were all from the third or subsequent brood and born in the same 8-hour window of 
time. These animals were then used as test organisms for toxicity tests with copper, 
diazinon, 50% treated wastewater (50%WW) spiked with copper, and 50% treated 
wastewater with no copper. All toxicity tests were conducted simultaneously on all 
three sources; thus, a "set" of tests consists of a NC Ceriodaphnia Mini Chronic Toxicity 
for each source i.e., three toxicity tests with individual controls. 

Studies in DMW Culture/Dilution Water 

Each of the sources was cultured in DMW for 41 weeks in the laboratory. 
Survival was over 99% (Figure I ) ,  and reproduction while variable was generally above 
15 neonatesladult in 3 broods in 7 days (Figure 2). While Source 3 had a lower mean 
reproduction and higher standard deviation than either Sources 1 or 2, all three were 
significantly different at the p10.001 level of significance (Table 1). This suggests that 



source (genetic) differences effect the reproductive potential of C. dubia. The CV's for 
this reproduction data were quite high (0.27-0.39). This demonstrates the very high 
variability in reproduction of this animal. The reason for this variability is not clear, but it 
is more likely related to genetic factors than environmental factors because these were 
identical among the 3 sources. 

Copper Toxicity Studies Fifteen sets (1 toxicity test for each source under 
identical environmental conditions) of NC Mini Chronic Toxicity Tests were conducted 
with copper added to DMW. The survival and reproduction was compared to controls 
which were cultured in DMW without copper. The mean results (all tests) suggest that 
there was very little decrease in reproduction at 12.5 pg-CuIL and a substantial 
decrease at 20.0pg-CuIL (Figure 3). Sources 1 and 2 had greater decreases at 17.5 
and 20.0 pg-CuIL than Source 3. Therefore, Source 3 was somewhat different from the 
other two. 

The results of the individual NC Mini Chronic Toxicity Tests are in Table 2. In six 
of the fifteen sets of tests (40%) the results for one of the sources was different from 
the other two. Source 3 was the different population for four of these six cases. 
Therefore, if a discharger sent identical samples to three different testing laboratories 
each of which uses a different one of these sources of test animals, the results would 
be in conflict for 40% of the replications. Furthermore, the laboratory with Source 3 
would be the one most likely to yield a different result. Much of this difference is 
attributable to the variability in reproduction of Source 3. 

Diazinon Toxicitv Studies We conducted 16 sets (1 toxicity test for each source 
under identical environmental conditions) of NC Mini Chronic Toxicity Tests with 
diazinon added to DMW. The survival and reproduction was compared to controls 
which were cultured in DMW without diazinon. The mean results (all tests) suggest that 
there was very little effect on any source at 250 ng-diazinonll while at 350 
ng-diazinonll there was a substantial effect on reproduction for all sources (Figure 4). 
As with copper, the effect on Source 3 seemed less than for Sources 1 or 2. 

The results of the individual NC Mini Chronic Toxicity Tests are in Table 3. In 
three of the fourteen (21%) valid comparison sets the results for one of the sources was 
different from the other two. Source 2 was the different population for two of these 
three cases while Source 3 was different once. Interestingly, both of the Source 2 
deviations were "fail" while the Source 3 was a "pass" . Again, if a discharger sent 
identical samples to three different testing laboratories each of which uses a different 
one of these sources of test animals, the results would be in conflict for 21% of the 
replications. Perhaps, Source 2 would be more likely to "fail" while Source 3 would be 
more likely to "pass". Certainly, the high variability of reproduction in Source 3 affects 
the statistical analysis and makes it more like that a "pass" will result. 

Studies in BPW Culture/Dilution Water 

Each of the sources was cultured in BPW successfully for 41 weeks in the 
laboratory. Survival was over 98% (Figure 5). Reproduction, while variable, was 
generally above 15 neonatesladult in 3 broods in 7 days for Sources 1 and 2, but it was 



often much lower for Source 3 (Figure 6). The mean reproduction for Sources 1 and 2 
was about 27 neonatesladult in 3 broods in 7 days while Source 3 was only 21 (Table 
4). Furthermore, the standard deviation for Source 3 was substantially greater than that 
of the others. Source 1 and 2 were not significantly different from each other but were 
significantly different from Source 3 (p<0.001) Clearly, Source 3 was not favored by the 
constituents of BPW. This once again suggests that source (genetic) differences effect 
the reproductive potential of G. dubia. 

Each source was significantly different from the others when cultured in DMW 
(Table I ) ,  but only Source 3 was different when cultured in BPW (Table 4). The mean 
reproduction of Source 3 was about the same (20-21) in both DMW and BPW, but 
Sources 1 and 2 were significantly lower (pS0.001) in DMW. The CV's for Sources 1 
and 2 were lower in BPW than when cultured in DMW, but that for Source 3 was much 
higher. The above would suggest that BPW provides some factor (perhaps nutritional) 
that is quite advantageous to Sources 1 and 2 but not to Source 3. The lower mean 
reproduction of Source 3 combined with the high standard deviation means that it is 
more likely that a NC Mini Chronic Toxicity Test using this source as a control with BPW 
cultureldilution water will result in "passes" because it will be less likely that a "test" will 
have a significantly lower reproduction. 

Copper Toxicity Studies We conducted 12 sets of NC Mini Chronic Toxicity 
Tests in which all three sources were exposed to copper added to BPW. The survival 
and reproduction was compared to controls which were cultured in BPW without 
copper. The mean results (all tests) demonstrate that there was a substantial effect on 
reproduction for all sources at all concentrations (Figure 7). Clearly, it would have been 
beneficial to use a lower concentrations. These were chosen after preliminary studies 
that indicated that these were appropriate. 

The results of the individual NC Mini Chronic Toxicity Tests are in Table 5. For 
four of the ten (40%) sets of valid comparison tests, the results for one of the sources 
was different from the other two. Source 3 "passed" three times when the others 
"failed", and Source 1 "failed" once when the others "passed". This confirmed the 
observation that the low mean and high standard deviation of Source 3 reproduction 
necessarily makes it more like to result in "passes". Again if a discharger sent identical 
samples to three different testing laboratories each of which uses a different one of 
these sources of test animals, the results would be in conflict for 40% of the 
replications. Source 3 would be more likely to "pass". 

Treated Wastewater Studies 

We conducted 12 sets of NC Mini Chronic Toxicity Tests in which animals from 
each source that had been cultured in DMW were exposed to copper added to 
50%WW. The survival and reproduction was compared to controls in DMW without 
copper. The average results (all tests) demonstrate that there was a substantial effect 
on reproduction for all sources at all concentrations (Figure 8). The preliminary studies 
with 60.0 pg-CuIL exhibited no toxicity while those at 70.0 pg-CUIL were variably toxic. 



We don't know why the animals apparently were more susceptible to copper toxicity 
during the final experiments. 

The results in Table 6 which compare the survival and reproduction of C. dubia 
in DMW controls to copper-spiked 50%WW show that for five of the nine (56%) sets of 
valid comparison tests, the results for one of the sources was different from the other 
two. Thus if a discharger sent these identical samples to three different testing 
laboratories each of which uses a different one of these sources of test animals, the 
results would be in conflict for 56% of the replications. 

Simultaneously, with the above tests we cultured animals in 50%WW with no 
added copper. These were controls to determine whether the 50%WW was toxic 
independently of the added copper. Since some of the copper toxicity tests were 
conducted simultaneously, the same DMW and 50%WW "controls" were used for more 
than one copper-spiked 50%WW "test". There were four sets of valid comparisons 
between survival and reproduction in unspiked, 50%WW and DMW. Source 1 was 
different from the other two in only one (25%) of these tests. For the other three the 
results for all sources were the same. These results also indicate that the 50%WW 
caused a significant reduction in survival and reproduction in about 50% of the 
samples. This was surprising because none of the preliminary samples had shown 
chronic toxicity. 

A comparison of the results of the Cu-spiked 50%WW tests and 50%WW tests 
each compared to DMW controls shows the effect of the copper additions 
independently of the constituents of the wastewater. For Source 1, five of the ten valid 
comparisons (50%) suggested that toxicity was due to copper addition. For Source 2, 
only two of the nine valid comparisons (22%) suggested copper toxicity. For Source 3, 
three of the seven valid comparisons (43%) suggested copper toxicity. 

Conclusion 

Even though the concentration of copper used in the studies of BPW and 
50%WW was somewhat too high to give NOEC results, it is still interesting that copper 
was toxic at about 15 pg-CulL in DMW, at about 40 pg-CUIL in BPW, and about 70 
pg-CulL in 50%WW. We measured the concentrations of soluble copper at the 
beginning and end of several tests with each culture/dilution water and found that the 
copper concentration at the end was >90% of the beginning value. Thus, it would not 
appear as though the difference between the cultureldilution waters was due to copper 
availability. Perhaps, there are nutritional factors which are supplied in the BPW and 
50%WW which make C. dubia more resistant to the toxic effects of copper. LaRocca 
et a/. (1 994) have shown that different food sources can confer resistance to copper 
toxicity in C. Dubia. 

It is also interesting to note that all of these animals were more resistant to 
copper than the clone which was maintained in this laboratory during a previous 
investigation (Francisco et at. 1993). During the earlier study, copper was quite toxic at 
8 pg-CuIL when spiked into DMW and compared to DMW controls. In the present 
investigation, copper was equally toxic under similar conditions at 220 pg-Cu/L. The 



most apparent difference between these two studies is that different clones of animals 
were used. 

During this investigation we completed 52 sets of valid chronic.toxicity tests 
during which each of the three sources of C. dubia were treated identically. All of these 
were conducted and analyzed according to the procedure specified for the NC 
Ceriodaphnia Mini-Ch ronic PassIFail Toxicity Test (NCDEM 1 989) except that both 
reproduction and variance of reproduction clearly changed during the study. This 
change may have been greater than allowed for commercial laboratories where it is 
important that the results be comparable over long periods of time. In this study the 
objective was to test the 3 sources of animals under identical environmental conditions 
at a single point in time. A summary of these results is presented in Table 7. In 19 of 
these tests (37%), one of the sources exhibited a result which was different from the 
other two. Six of these 19 differences were due to Source 1, and all of these were "fail", 
that is, Source 1 "failed" while the others "passed". Source 2 was different from the 
other two only three times with two "passes" and one "fail". Source 3 was different 10 
times. Three of these were "fail" and seven were "pass". These results suggest that if 
identical samples were analyzed by laboratories using different populations of C. dubia, 
the results from the three laboratories would be different for about 40% of the samples. 
Furthermore, the laboratory using Source 1 would be more likely to have a "fail" while 
the laboratory using Source 3 would be more likely to "pass". Clearly, the population 
differences are one factor accounting for inter-laboratory variability in the NC 
Ceriodaphnia Mini Chronic Toxicity Test (NCDEM 1989). The standard EPA (1 989) 
chronic toxicity test with C. dubia should be subject to the same kinds of inter-laboratory 
variability since it too uses animals that have been cultured in isolation. 

Much of the additional likelihood for a "pass" when using Source 3 is due to the 
fact that the standard deviation in reproduction is very high. This makes it less likely 
that a difference between a "test" and a "control" will be detectable. Perhaps, the 
regulations which define acceptable tests should be amended to specify a maximum 
variance on reproduction in the controls. 

After the completion of this investigation, the identity of the sources was 
revealed. Source 1 was obtained from a laboratory that had originally received the 
clone from NCDEM, but this clone had been cultured in isolation for about six years. 
Source 2 was obtained from a laboratory that originally received the clone from 
NCDEM, and this clone had only been cultured in isolation for about two years. Source 
3 was obtained from a laboratory in another state that received the original clone from 
an academic source. The above are consistent with results that suggest that Source 3 
is quite different from Sources 1 and 2 and Source 1 is somewhat different from Source 
2. These are the results which would be predicted by Snyder et a/. (I 991). 

Finally, it should be noted that the variability observed in this investigation is due 
only to the source of the test animals because all other environmental characteristics 
(food, water, temperature, light, glassware, plasticware, and handling) were identical. 
The variability among commercial laboratories using different clones of C. dubia may be 
greater than this because of the different environmental factors which are also 
associated with different laboratories. 



Table 7 Summary Of The Results of All Valid NC Mini Chronic 
Pass/Fail Toxicity Tests in Which Each Source Was Tested 
Under Identical Conditions 

Test 
Type ~ o t a l '  

Cu-DMW 15 

Diazinon- 14 
DMW 

CU-BPW 10 

Cu-50%WW 9 

50%WW vs. 
DMW 4 

Different 
~esults' Source 

Total 52 

Source Source 
2" 3" 

'Total number of valid tests which compared all three sources under 
identical conditions. 

2 Total number of tests in which the result of one source was different 
from the other two sources. 

3 An "F" means that this source "failed" a test that the other two 
"passed"; an "P" means that this source "passed" a test that the 
other two "failed". 



REFERENCES 

Belanger, S. E., J. L. Farris, and D. S. Cherry. 1989. Effects of diet, water hardness, 
and population source on acute and chronic copper toxicity to Ceriodaphnia 
dubia. Arch. Environ. Contam. Toxicol. 18: 601 -61 1. 

Berner, D. B. 1986. Taxonomy of Ceriodaphnia (Crustacea: Cladocera) in U.S. 
Environmental Protection Agency cultures. Environmental Monitoring and 
Support Laboratory, U.S. Environmental Protection Agency, Cincinnati, OH. 
E PN60014-861032. 

Cooney, J. D., G. M. DeGraeve, E. L. Moore, W. D. Palmer, and T. L. Pollock. 1992b. 
Effects of food and water quality on culturing on culturing of Ceriodaphnia dubia. 
Environ. Toxicol. Chem. 1 1 : 823-837. 

Cowgill, U. M., K. I. Keating, and I. T. Takahashi. 1985. Fecundity and longevity of 
Ceriodaphnia dubidaffinis in relation to diet at two different temperatures. J. 
Crust. Biol. 5(3): 420-429. 

DeGraeve, G. M., and J. D. Cooney. 1987. Ceriodaphnia: an update on effluent toxicity 
testing and research needs. Environ. Toxicol. Chem. 6: 331 -333. 

DeGraeve, G. M., J. D. Cooney, B. H. Marsh, T. L. Pollock, and N. G. Reichenbach. 
1992. Variability in the performance of the 7-d Ceriodaphnia dubia survival and 
reproduction test: an intra- and interlaboratory study. Environ. Toxicol. Chem. 
1 1 : 851 -866. 

Elendt, B. P. and W. R. Bias. 1990. Trace nutrient deficiency in Daphnia magna 
cultured in standard medium for toxicity testing: effects of the optimization of 
culture conditions on life history parameters of D. magna. Wat. Res. 24(9): 11 57- 
1167. 

EPA. 1985a. Technical support document for water quality- based toxics control. U.S. 
Environmental Protection Agency, Office of Water, Washington, D. C. EPA- 
44014- 85-032. 

EPA. 1985b. Short-term methods for estimating the chronic toxicity of effluents and 
receiving waters to freshwater organisms. Environmental Monitoring and Support 
Laboratory - Cincinnati. US .  Environmental Protection Agency, Cincinnati, OH, 
EPN60014-8510 1 4. 

EPA. 1989. Short-Term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Freshwater Organisms, Second Edition, U. S. 
Environmental Protection Agency, EPN60014-891001. 

€PA. 1991. Methods for Aquatic Toxicity Identification Evaluations: Phase I, Toxicity 
Characterization Procedures. Second Edition, U. S. Environmental Protection 
Agency, EPN60016-911003. 

EPRI. 1988. Effects of food and water quality on culturing and toxicity testing of 
Ceriodaphnia dubia. Battelle, Columbus, OH., EPRI EA-52820. 



Fergen, R. E. and G. C. Budd. 1990. A comparison of bioassay conditions in NPDES 
permits (Florida, North Carolina, and Virginia). Journal North Carolina Section 
American Waterworks Association and North Carolina Water Pollution Control 
Association. 65: 135-1 45. 

Francisco, D. E., M. C. Elias, C. A. LaRocca, F. A. DiGiano, and M. J. Maerker. 1993. 
Chronic Toxicity Bioassay with Ceriodaphnia dubia: (1) An Evaluation of a 
Toxicity Test-Based Approach for Determining the Sources of Chronic Toxicity; 
and (2) An Evaluation of Culture/Dilution Waters and Diet as Determinants of 
Test Outcomes. Water Resources Research Institute of the University of North 
Carolina, Report No. 276. 92 pp. 

Goulden, C. E. and L. L. Henry. 1991. Ceriodaphnia and Daphnia bioassay workshop 
manual. The Academy of Natural Sciences, Philadelphia, PA. 

Goulden, C. E., R. M. Comotto, J. A. Hendrickson, Jr., L. L. Hornig, and K. L. Johnson. 
1982. Procedures and recommendations for the culture and use of Daphnia in 
bioassay studies. Aquatic Toxicology: Fifth Conference, American Society for 
Testing and Materials, Special Technical Publication 766, Philadelphia, PA, pp. 
1 39-1 60. 

Keating, K. I. and B. C. Dagbusan. 1984. Effect of selenium deficiency on cuticle 
integrity in the Cladocera (Crustacea). Proc. Natl. Acad. Sci. U.S.A. 81 : 3433- 
3437. 

Keating, K. I., P. B. Caffrey, and K. A. Schultz. 1989. Inherent problems in reconstituted 
water. In U. M. Cowgill and L. R. Williams, eds., Aquatic Toxicologyand Hazard 
Assessment, Vol. 12 American Society for Testing and Materials, Philadelphia, 
PA, pp. 367-378. 

King, C. E. and M. R. Miracle. 1995. Diel Vertical Migration by Daphnia longispina in a 
Spanish Lake: Genetic Sources of Distributional Variation. Limnol, and 
Oceanography. 40: 226-231. 

Knight, J. T., and W. T. Waller. 1992. Influence of the addition of Cerophyl@ on the 
Selenastrum capricorutum diet of the cladoceran Ceriodaphnia dubia. Environ. 
Toxicol. Chem. 1 1 : 52 1 -534. 

LaRocca, C. A., D. E. Francisco, and F. A. DiGiano. 1994. Effects of diet on survival, 
reproduction, and sensitivity of Ceriodaphnia dubia. Water Environment 
Research. 66: 905-91 1 . 

NCDEM, 1989. "North Carolina Ceriodaphnia Chronic Effluent Bioassay Procedure, 
December 1985, Revised June 1988, Revised September 1989", North Carolina 
Department of Natural Resources and Community Development, Division of 
Environmental Management, Water Quality Section. 

NCDEM, 1991. "North Carolina Phase II, Chronic Whole Effluent Toxicity Test 
Procedure, July, 1991 ". North Carolina Department of Natural Resources and 
Community Development, Division of Environmental Management, Water Quality 
Section. 



Norberg-King, T. J. and S. Schmidt. 1993. Comparison of effluent toxicity results using 
Ceriodaphnia dubia Cultured on several diets. Environ. Toxicol. Chem. 1 2: 1 945- 
1955. 

Patterson, P. W., K. L. Dickson, W. T. Waller, and J. H. Rodgers. 1992. The effects of 
nine diet and water combinations on the culture health of Ceriodaphnia dubia. 
Environ. Toxicol. Chem. 11: 1023-1035. 

Snyder, T. P., K. M. Switzer, and R. E. Keen. 1991. Allozymic variability in toxicity- 
testing strains of Ceriodaphnia dubia and in natural populations of Ceriodaphnia. 
Environ. Toxicol. Chem. 1 0: 1 045-1 049. 

Stein, J. R. (ed.). 1 973. Handbook of Phycological Methods: Culture Methods and 
Growth Measurements. Cam bridge University Press. Cambridge, England. 

Warren-Hicks. W., and B. R. Parkhurst. 1990. Performance characteristics of effluent 
toxicity tests: variability and its implications for regulatory policy. Presented at the 
Water Pollution Control Federation, 63rd Annual Conference, Washington, D. C., 
October 7-1 1, 1990. 

Winner, R. W. 1989. Multigeneration life-span tests of the nutritional adequacy of 
several diets and culture waters for Ceriodaphnia dubia. Environ. Toxicol. Chem. 
8: 513-520. 



LIST OF PUBLICATIONS 

Terrell, Julia A. 1994. Survival and Reproduction Differences in Populations of 
Ceriodaphnia dubia Following Exposure to Whole Wastewater Effluent: An 
Intra- and Interlaboratory Study. Master of Science in Public Health Technical 
Report, Department of Environmental Sciences and Engineering, University of 
North Carolina at Chapel Hill. 100 pp. 

Melia, Gregory M. 1995. An Investigation into Two Potential Sources of Variability in 
Chronic Toxicity Testing with Ceriodaphnia dubia. Master of Science in Public 
Health Technical Report, Department of Environmental Sciences and 
Engineering, University of North Carolina at Chapel Hill. 145 pp. 

Melia, Gregory M. and D. E. Francisco. 1994. Variability in Performance of 
Ceriodaphnia in Chronic Bioassays. Presented to the 1994 Annual Conference 
of the North Carolina Water Environment Association, Asheville, NC. In: 
Journal-North Carolina Section of the American Water Works Association and 
North Carolina Water Environment Association 



GLOSSARY 

Abbreviations (units of measurements) 

"C 

W L  

PL 

ft-c 

hr 

L 

mg/L 

mL 

ng/L 

degrees Celsius 

micrograms per liter 

microliter 

foot-candles 

hour 

liter 

milligrams per liter 

milliliter 

nanograms per liter 

Abbreviations (terms) 

50%WW 

7QlO 

BPW 

DMW 

EPA 

IWC 

LOEC 

NCDEM 

NOEC 

POTW 

TRE 

YCT 

treated wastewater diluted by 50% with DMW 

Minimum stream flow which occurs for 7 consecutive days 1 in 10 
years 

filtered Botany Pond Water 

diluted mineral water (1 0% PerrierTM) 

U. S. Environmental Protection Agency 

lnstream Wastewater Concentration (proportion of wastewater when 
the wastewater is at design flow and the stream is at 701  0) 

Lowest Observed Effect Concentration 

North Carolina Division of Environmental Management 

No Observed Effect Concentration 

Publicly-Owned-Treatment-Works 

Toxicity Reduction Evaluation 

food supplement consisting of Yeast, Cereal leaves, and l rout  chow 


