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January 8, 2020 
 
 
 
 
Mr. Christopher Bittner 
Standards Coordinator 
Utah Dept. of Environmental Quality 
195 N 1950 W 
Salt Lake City, UT 84116 
 
 
 
 
Subject: Results of Short-term Chronic 
 
 
Mr. Bittner: 
 
Below is a summary of the short-
26, 2019.  The purpose of this experiment
10, and 14 days) for use in a short
as observe the life stage transitions of the organisms
 
Three different treatments were tested

• 6 day test with 50 ml

• 10 day test with 50 ml

• 14 day test with 50 ml
 
An additional replicate was run with sacrificial organisms removed each day and preserved to 
document the life stages of the organisms. 
consistent among treatments, that is, the estimated 
Chla in all containers.  The test durations were selected to address what test duration 
sufficient to determine differences in survival and growth.
acute toxicity tests with A. franciscana

volume of media-food [at same ratio]
test duration).  
 
Species: Artemia franciscana 
 
Test type:  

• Test duration(s): 6, 10, and 14

• Test type: static-renewal 

• Algae: Dunaliella viridis 

• Algae concentration: 145 µg/L Chla

• Temperature: 20°C 

Drive, Unit A, Fort Collins, Colorado, 80524 

Dr. Gary Belovsky 
Environ. Res. Center & Dept. Biol Sci.

Utah Dept. of Environmental Quality  University of Notre Dame 
Notre Dame, IN 46556 

term Chronic Brine Shrimp Experiment #1 

-term chronic brine shrimp experiment initiated 
purpose of this experiment was to investigate three different test durations (6

short-term chronic test method using Artemia franciscana

as observe the life stage transitions of the organisms.   

were tested,  

50 ml,  

50 ml, and  

50 ml.    

An additional replicate was run with sacrificial organisms removed each day and preserved to 
document the life stages of the organisms. The ratio of food volume to test media 

, that is, the estimated concentration of Dunaliella was 145
The test durations were selected to address what test duration 
differences in survival and growth.  The test volume was 
A. franciscana to help conserve algae (i.e., could we use a smaller 

food [at same ratio] and still achieve adequate survival and growth over t

, and 14 days 

 (solutions and food renewed every 48 hours) 

145 µg/L Chla 

Environ. Res. Center & Dept. Biol Sci. 

 on September 
different test durations (6, 
Artemia franciscana as well 

An additional replicate was run with sacrificial organisms removed each day and preserved to 
ratio of food volume to test media volume was 

was 145 µg/L 
The test durations were selected to address what test duration is 

he test volume was lower than in 
(i.e., could we use a smaller 

adequate survival and growth over the 
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• Test volume(s): 50 ml 

• Replicates: 4 

• Organisms/Rep: 20 

• Test media: 120 ppt rGSL media (per Notre Dame recipe) 
   
Pretest conditions: <24-h old A. franciscana were hatched out in ~29 ppt artificial seawater 
(Crystal Seasalt) and ~200 organisms were placed in 120 ppt rGSL water and fed Dunaliella 
virdis at a density of 100 µg/L Chla. Solutions were gently aerated.  
 
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(µµµµS/cm) 

TRC  
(mg/L)

b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13742 NR NM NM NR NM NM 121 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

• Biological observations (primarily survival) taken daily.  

• Chemistries take on renewal days (i.e., pH, dissolved oxygen, and temperature). 
Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

• Dry weights were determined at test termination.   
 
 
Results:  
 
The survival and average dry weights for the brine shrimp are illustrated in the following figures. 

 



Mr. Bittner 
January 8, 2019 
Page 3  
 
 

TRE 

 

 
 

 

 
 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 2 4 6 8 10 12 14 16

%
 S

u
rv

iv
a

l

Day

Brine Shrimp Survival - Chronic Exp #1

Overall

Day 6 group

Day 10 group

Day 14 group

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0 2 4 6 8 10 12 14 16

W
e

ig
h

t 
(m

g
)

Day

Brine Shrimp Weight

Weight Per Original

Weight Per Surviving



Mr. Bittner 
January 8, 2019 
Page 4  
 
 

TRE 

 

 
Organisms were preserved daily and presented in the following photographs. Photograph 1 is 
Day 0-6 and photograph 2 is Day 7-14. 
 

 

 
 
Summary and findings: 
 

• Organism survival was ≥ 90% for all test durations.  

• Beginning on day 6, the water was cleared of algae before the next renewal period. 
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January 10, 2020 
 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
 
Subject: Results of Short-term Chronic Brine Shrimp Experiment #2 
 
 
Mr. Bittner: 
 
Below is a summary of the short-term chronic brine shrimp experiment initiated on October 17, 
2019.  The purpose of this experiment was to investigate the effect of increased food at two 
different volumes (50 ml and 150 ml) on the short-term chronic test method using Artemia 
franciscana. 
 
Two different treatments were tested:  

 6 day test with 50 ml media, and 

 6 day test with 150 ml media. 
 
An additional replicate was run with sacrificial organisms removed each day and preserved to 
document the life stages of the organisms. The ratio of food volume to test media volume was 
consistent between treatments, that is, the estimated concentration of Dunaliella was 435 µg/L 
Chla in all containers (this concentration of food was considered ad libitum).    
 
Species: Artemia franciscana 
 
Test type:  

 Test duration: 6 days 

 Test type: static-renewal (solutions and food renewed every 48 hours) 

 Algae: Dunaliella viridis 

 Algae concentration: 435 µg/L Chla 

 Temperature: 20°C 

 Test volume(s): 50 and 150 ml  

 Replicates: 3 

 Organisms/Rep: 20 

 Test media: 120 ppt rGSL media (per Notre Dame recipe) 

Page 1 of 5
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Pretest conditions: <24-h old A. franciscana were hatched out in ~29 ppt artificial seawater 
(Crystal Sea Marine Mix) and ~200 organisms were placed in 120 ppt rGSL water and fed 
Dunaliella viridis at a density of 100 µg/L Chla. Solutions were gently aerated.  
 
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(S/cm) 

TRC  
(mg/L)

b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13742 NR NM NM NR NM NM 121 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

 Biological observations (primarily survival) taken daily.  

 Chemistries were measured on renewal days (i.e., pH, dissolved oxygen, and 
temperature).  

 Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

 Dry weights were determined at test termination.   
 
 
Results:  
 
The survival and average dry weights for the brine shrimp are illustrated in the following figures. 
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Organisms were preserved daily and are presented in the following photographs. Photograph 1 
is Small Volume, Day 3-6, and photograph 2 is Large Volume, Day 3-6. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Summary and findings: 

 Organism survival was ≥ 90% for both test treatments.  

 Dunaliella was visibly present (definite green color) in the water for all test treatments 
through the duration of the test. 

 There was no observable difference in organism response between the two volumes at 
this food concentration for this test length.  

 A comparison of the results of this test with data from Study #1 (TRE report 17001-474-
037) suggests that through day 6, organism growth was not food limited in the previous 
study.  

 Organisms appear to transition from the nauplii to the juvenile stage between test days 3 
and 4 and remain in the juvenile stage for the duration of the study. This was consistent 

Page 4 of 5
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January 6, 2020 
 
 
 
 
Mr. Christopher Bittner 
Standards Coordinator 
Utah Dept. of Environmental Quality 
195 N 1950 W 
Salt Lake City, UT 84116 
 
 
 
 
Subject: Results of Short-term Chronic 
 
 
Mr. Bittner: 
 
Below is a summary of the short-
2019.  The purpose of this experiment
days) as well as two different test volumes (small and large)
method using Artemia franciscana

 
Four different treatments were tested

• 6 day test with 50 ml

• 6 day test with 150 ml

• 10 day test with 50 ml

• 10 day test with 150 ml
 
The ratio of food volume to test media 
estimated concentration of Dunaliella

were selected to address what test duration 
growth in later definitive toxicity tests
could we use a smaller volume of media
survival and growth over the test duration). 
 
Species: Artemia franciscana 
 
Test type:  

• Test duration: 6 and 10 days

• Test type: static-renewal 

• Algae: Dunaliella virdis 

• Algae concentration: 145 µg/L Chla

• Temperature: 20°C 

• Test volume(s): 50 and 150 ml

Drive, Unit A, Fort Collins, Colorado, 80524 

Dr. Gary Belovsky 
Environ. Res. Center & Dept. Biol Sci.

Utah Dept. of Environmental Quality  University of Notre Dame 
Notre Dame, IN 46556 

term Chronic Brine Shrimp Experiment #3 

-term chronic brine shrimp experiment initiated 
purpose of this experiment was to investigate two different test durations (6 

as two different test volumes (small and large) on the short-term chronic test 
Artemia franciscana.   

were tested,  

50 ml,  

150 ml,  

50 ml, and  

150 ml.    

ratio of food volume to test media volume was consistent between treatments
Dunaliella was 145µg/L Chla in all containers.  The test durations 

were selected to address what test duration is sufficient to pick up differences in survival and 
in later definitive toxicity tests.  The test volume was varied to help conserve 

ller volume of media-food [since at same ratio] and still achieve
survival and growth over the test duration).  

Test duration: 6 and 10 days 

 (solutions and food renewed every 48 hours) 

145 µg/L Chla 

Test volume(s): 50 and 150 ml 

Environ. Res. Center & Dept. Biol Sci. 

 on November 1, 
to investigate two different test durations (6 vs 10 

term chronic test 

between treatments, that is, the 
The test durations 

is sufficient to pick up differences in survival and 
he test volume was varied to help conserve algae (i.e., 

still achieve adequate 
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• Replicates: 3 

• Organisms/Rep: 20 

• Test media: 120 ppt rGSL media (per Notre Dame recipe) 
   
Pretest conditions: <24-h old A. franciscana were hatched out in ~29 ppt artificial seawater 
(Crystal Seasalt) and ~200 organisms were placed in 120 ppt rGSL water and fed Dunaliella 
virdis at a density of 100 µg/L Chla. Solutions were gently aerated.  
 
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(µµµµS/cm) 
TRC  

(mg/L)
b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13772 8.1 NM NM 139,400 NM NM 120 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

• Biological observations (primarily survival) taken daily.  

• Chemistries take on renewal days (i.e., pH, dissolved oxygen, and temperature). 
Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

• Dry weights were determined at test termination.   
 
 
Results:  
 
The survival and average dry weights for the brine shrimp are illustrated in the following figures. 
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Summary and findings: 
 

• Organism survival was ≥ 90% in both the small and large test volumes for both test 
durations.  

• On day 6, the weights between the two volumes were similar, both on a per original and 
a per surviving basis. 

• Beginning on day 6, the small volume treatment water was cleared of algae before the 
next renewal period. 

• On day 10, the weights of the organisms in the large volume treatment were significantly 
higher than those in the small volume treatment.   

 
Based on these results, survival was very good in both test designs; however, the organisms in 
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January 10, 2020 
 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
 
Subject: Results of Short-term Chronic Brine Shrimp Experiment #4 
 
 
Mr. Bittner: 
 
Below is a summary of the short-term chronic brine shrimp experiment initiated on November 
14, 2019.  The purpose of this experiment was to investigate two different test durations (7 vs 
10 days) as well as the number of organisms in each test vessel (10 vs 20) on the short-term 
chronic test method using Artemia franciscana (brine shrimp).  While 20 organisms were used in 
the acute test methods previously conducted, the rationale for reducing the number of test 
organisms in each vessel for the development of a short-term chronic method is multifold: 1) 
more similar to other WET methods, 2) easier to count 10 actively swimming organisms 
(compared to 20), 3) most importantly, it potentially reduces the food burden needed in each 
test vessel.   
 
Four different treatments were tested:  

 7 day test with 10 organisms, 

 7 day test with 20 organisms, 

 10 day test with 10 organisms, and  

 10 day test with 20 organisms.    
 
The ratio of food volume to test media volume was consistent among treatments, that is, the 
estimated concentration of Dunaliella was 145 µg/L Chla in all containers.  The test durations 
were selected to address what test duration is sufficient to detect differences in survival and 
growth in later short-term chronic toxicity tests.  The test volume was consistent at 50 ml.  
 
Species: Artemia franciscana 
 
Test type:  

 Test duration(s): 7 and 10 days 

 Test type: static-renewal (solutions and food renewed daily) 

 Algae: Dunaliella viridis 

Page 1 of 16
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 Algae concentration: 145 µg/L Chla 

 Temperature: 20°C 

 Test volume(s): 50 ml 

 Replicates: 2 

 Organisms/Rep: 10 or 20 

 Test media: 120 ppt rGSL media (per Notre Dame recipe) 
   
Pretest conditions: <24-h old A. franciscana were hatched out in ~29 ppt artificial seawater 
(Crystal Sea Marine Mix) and ~200 organisms were placed in 120 ppt rGSL water and fed 
Dunaliella viridis at a density of 100 µg/L Chla. Solutions were gently aerated.  
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(S/cm) 

TRC  
(mg/L)

b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13772 7.8 NM NM 131,600 NM NM 120 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

 Biological observations (primarily survival) taken daily.  

 Chemistries taken on renewal days (i.e., pH, dissolved oxygen, and temperature). 

 Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

 Dry weights were determined at test termination.   
 
 
Results:  
 
The survival and average dry weights for the brine shrimp are illustrated in the following figures. 
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Summary and findings: 
 

 Organism survival was ≥ 90% for all tests except the 20 organism 10 day treatment, 
which had 87.5% survival (this is higher than the standard chronic testing limit of 80%).   

 Beginning on day 6, the test cups with 20 organisms were a lighter green color than the 
test cups with 10 organisms. This suggests that, although the 20 organism treatment 
had not exhausted the supply of algae, it was using a greater portion and may have 
created food limited conditions. 

 On day 7, the brine shrimp weights between the two organism-number treatments were 
similar, both on a per original and a per surviving basis. 

 On day 10, the weights of the organisms in the 10 organism treatment were significantly 
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January 14, 2020 
 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
 
Subject: Results of Short-term Chronic Brine Shrimp Experiment #5 
 
 
Mr. Bittner: 
 
Below is a summary of the short-term chronic brine shrimp experiment initiated on December 
19, 2019.  The purpose of this experiment was to investigate whether two different test 
durations (7 vs 10 days) would affect the IC25 obtained with arsenic on the short-term chronic 
test method using Artemia franciscana.   
 
Along with a control, five different arsenic concentrations were tested,  

 5, 20, 50, 100, and 200 mg/L 
 
The ratio of food volume to test media volume was consistent between treatments, that is, the 
estimated concentration of Dunaliella was 145µg/L Chla in all containers.  The test durations 
were selected to address whether two different test durations would result in a similar IC25 
values with arsenic. The results of these studies will help determine the experimental design of 
the definitive short-term chronic toxicity tests.  The test volume was consistent at 50 ml.  
 
Species: Artemia franciscana 
 
Test type:  

 Test duration: 7 and 10 days 

 Test type: static-renewal (solutions and food renewed daily) 

 Algae: Dunaliella viridis 

 Algae concentration: 145 µg/L Chla 

 Temperature: 20°C 

 Test volume(s): 50 ml 

 Replicates: 4 

 Organisms/Rep: 10 

 Test media: 120 ppt rGSL media (per Notre Dame recipe) 
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Pretest conditions: <24-h old A. franciscana were hatched out in ~29 ppt artificial seawater 
(Crystal Sea Marine Mix) and ~200 organisms were placed in 120 ppt rGSL water and fed 
Dunaliella viridis at a density of 100 µg/L Chla. Solutions were gently aerated.  
 
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(S/cm) 

TRC  
(mg/L)

b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13804 7.9 NM NM 139,800 NM NM 120 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

 Biological observations (primarily survival) taken daily.  

 Chemistries taken on renewal days (i.e., pH, dissolved oxygen, and temperature).  

 Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

 Dry weights were determined at test termination.   

 Arsenic was added to 1220 rGSL media containing food and allowed to equilibrate for 3 
hours prior to use in the toxicity tests.  

 
 
Results:  
 
The survival and average dry weights for the brine shrimp are illustrated in the following figures. 
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Test Endpoints 
 

Study 
Survival 
NOEC 

(mg As/L) 

Survival 
LOEC 

(mg As/L)
 

Growth 
NOEC 

(mg As/L) 

Growth 
LOEC 

(mg As/L)
 

Growth IC25 
(mg As/L)

  

7 Day 20 50 20 50 
30.43  

(25.72-32.91) 

10 Day 20 50 20 50 
26.26  

(19.22-31.09) 

 
 

 
Summary and findings: 
 

 Organism survival was ≥ 90% for both controls.  

 The effect of arsenic on brine shrimp survival was similar for both test durations. 

 The growth IC25 values for each test were similar and fell within the confidence limits of 
the other test.   

 
Based on these results, both 7 and 10 day durations appear to be adequate for detecting a 
survival and growth effect. Additional testing will help confirm this. 
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February 19, 2020 
 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
Subject: Results of Short-term Chronic Brine Shrimp Experiment #6 
 
 
Mr. Bittner/ Dr. Belovsky: 
 
Below is a summary of the short-term chronic brine shrimp experiment initiated on January 16, 
2020.  The purpose of this experiment was to investigate whether a marine algae, Platymonas 
sp. could be used as an alternative food source during short term chronic testing with Artemia 
franciscana (brine shrimp).  The results of these studies will help determine if Platymonas sp. 
can be substituted for Dunaliella viridis as the food source during the test. Platymonas sp. grows 
at a faster rate, so it would be a simpler food source to maintain for testing.   
 
Four different algal cell concentrations were tested: 

 Treatment 1: 1.0 x 106 cells per chamber (from Brix et. al., 2003) 

 Treatment 2: 4.72 x 106 cells per chamber (half of the Chla concentration as 
measured by spectrophotometric absorbance as Dunaliella in previous studies) 

 Treatment 3: 9.46 x 106 cells per chamber (same Chla concentration as measured 
by spectrophotometric absorbance as Dunaliella in previous studies) 

 Treatment 4: 18.9 x 106 cells per chamber (same cell density as Dunaliella in 
previous studies) 

 
The test duration was 7 days. The test volume was consistent at 50 ml and test solutions were 
renewed daily.  
 
Species: Artemia franciscana 
 
Test type:  

 Test duration: 7 days 

 Test type: static-renewal (solutions and food renewed daily) 

 Algae: Platymonas sp. (obtained from Carolina Biological) 

 Algae concentration: various 

 Temperature: 20°C 

 Test volume(s): 50 ml 

 Replicates: 4 
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 Organisms/Rep: 10 

 Test media: 120 ppt rGSL media (per Notre Dame recipe) 
   
Pretest conditions: A. franciscana cysts were hatched out in ~29 ppt artificial seawater (Crystal 
Sea Marine Mix) and ~200 organisms were placed in 120 ppt rGSL water and fed Platymonas 
sp. at an approximate density of 100 µg/L Chla estimated with absorbance. Solutions were 
gently aerated.  
 
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(S/cm) 

TRC  
(mg/L)

b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13818 7.9 NM NM 138,100 NM NM 118 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

 Biological observations (primarily survival) taken daily.  

 Chemistries taken on renewal days (i.e., pH, dissolved oxygen, and temperature).  

 Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

 Dry weights were determined at test termination.   
 
 
Results:  
 
The survival of the brine shrimp in this study is illustrated in the following figure. 
 

  
 

While survival in three of the four treatments met the 80% control perferomance threshold, the 
relative growth of these threatments compared to the earlier experiments is telling, as shown in 
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the following figure. 

 
 

Summary and findings: 

 Organism survival was between 77.5% and 97.5% for all treatments.  

 The 7 day growth for the brine shrimp was substantially lower than in any studies where 
Dunaliella viridis was the sole food source. 

 
Based on these results, Platymonas sp. was a poorer food source for A. franciscana than D. 
viridis. Both survival and weight were reduced compared to the previous experiments. 
Organisms still transitioned from nauplii to juvenile between test days 3 and 4, but appeared to 
have little growth after the transition stage. Based on visual observation, the Platymonas sp. 
appears to die in the rGSL water and settle out of solution, limiting its availability to the brine 
shrimp. Platymonas sp. does not appear to be a viable alternative food source under these 
testing conditions. 
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Artemia franciscana (Brine Shrimp) 

Short Term Chronic Test Development

TRE Environmental Strategies 



Experiment 1

Test Design

• Three test durations: 

• 6 day, 10 day, 14 day

• Solution volume: 50 ml 

• Fed D. viridis, conc 145 µg/L Chla

• Renewed and fed every 48h

• 20 organisms per replicate

• 4 Replicates per treatment

• Media: 120ppt rGSL 0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 5 10 15

%
 S

u
rv

iv
a

l

Day

Brine Shrimp Survival

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0 5 10 15

D
ry

 W
e

ig
h

t 
(m

g
)

Day

Brine Shrimp Weight

Weight Per Original

Weight Per Surviving

Conclusions

• Water cleared of food after 24 hours 

on Day 6 and later
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Experiment 2

Test Design

• Test duration: 6 day

• Solution volume

• 50 ml and 150 ml  

• Fed D. viridis, conc 435 µg/L Chla
(ad libitum)

• Renewed and fed every 48h

• 20 organisms per replicate

• 3 Replicates per treatment

• Media: 120ppt rGSL
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• Water remained tinted green 

throughout test
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• Growth was similar to Experiment 1 
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Experiment 3

Test Design

• Test duration: 6 days, 10 days

• Solution volume: 50 ml and 150 ml

• Fed D. viridis, conc 145 µg/L Chla

• Renewed and fed every 48h

• 20 organisms per replicate

• 3 Replicates per treatment

• Media: 120ppt rGSL 0%
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green throughout test 

• 50 ml vol.: Water cleared of food 

after 24 hours on Day 6 and later

• Organisms transitioned from nauplii

to juveniles between Days 3 and 4 

• 50 ml vol treatment appeared to be 

food limited after day 6
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Experiment 4

Test Design

• Test duration: 7 days, 10 days

• Solution volume: 50 ml and 150 ml

• Fed D. viridis, conc 145 µg/L Chla

• Renewed and fed daily

• # of organisms per rep: 10 and 20

• 2 Replicates per treatment

• Media: 120ppt rGSL

Conclusions
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• 20 orgs/cup treatment appeared to 

be food limited starting ~day 6
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Experiment 5

Test Design

• Test duration: 7 days, 10 days

• 50 ml volume

• Fed D. viridis, conc 145 µg/L Chla

• Renewed and fed daily

• 4 Replicates per treatment

• Media: 120ppt rGSL

• Tested Control, and 5, 20, 50, 100, 

and 200 mg/L Arsenic 0%
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Experiment 6

Test Design

• Test duration: 7 days

• Solution volume: 50 ml

• Fed Platymonas sp., 

• Treatment 1: 1.0 x 10^6 cells per chamber 

• Treatment 2: 4.72 x 10^6 cells per chamber 

• Treatment 3: 9.46 x 10^6 cells per chamber 

• Treatment 4: 18.9 x 10^6 cells per chamber

• Renewed and fed daily

• 4 Replicates per treatment

• Media: 120ppt rGSL
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• Similar results among all 4 

treatments
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Proposed Experimental Design

• # organisms per test chamber: 10

• Test solution volume: 50 ml

• Food type / conc.: D. viridis, conc 145 µg/L 

ChlaChla

• Solution renewal frequency: daily

• Test duration: 7 days

• Endpoints: survival (≥80%) and growth (>0.05 

mg dry wt)
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March 3, 2020 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
Subject: Results of Short-term Chronic Brine Shrimp Experiment #7 
 
 
Mr. Bittner/ Dr. Belovsky: 
 
Below is a summary of the short-term chronic brine shrimp experiment initiated on February 12, 
2020.  The purpose of this experiment was to investigate whether the marine alga, Platymonas 
sp. could be used as a supplemental food source during short term chronic testing with Artemia 
franciscana (brine shrimp).  From our previous experiment, we concluded that Platymonas sp. 
was not an adequate food source for A. franciscana on its own.  
 
The results of these studies will help determine if Dunaliella viridis can be supplemented with 
Platymonas sp. as the food source during the test. Platymonas sp. grows at a faster rate, so it 
would be an easier food source to maintain for testing.   
 
Three different algal cell concentrations were tested: 

 Treatment 1: D. viridis (145 µg/L Chla) 

 Treatment 2: D. viridis (72.5 µg/L Chla)/ Platymonas sp. (72.5 µg/L Chla) 

 Treatment 3: D. viridis (72.5 µg/L Chla, 50% of the normal density) 
 
The test duration was 7 days. The test volume was consistent at 50 ml and test solutions were 
renewed daily.  
 
Species: Artemia franciscana 
 
Test type:  

 Test duration: 7 days 

 Test type: static-renewal (solutions and food renewed daily) 

 Algae: D. viridis, Platymonas sp. (obtained from Carolina Biological) 

 Algae concentration: various (see above) 

 Temperature: 20°C 

 Test volume(s): 50 ml 

 Replicates: 3 

 Organisms/Rep: 10 

 Test media: 120 ppt rGSL media (per Notre Dame recipe) 
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Pretest conditions: A. franciscana cysts were hatched out in ~29 ppt artificial seawater (Crystal 
Sea Marine Mix) and ~200 organisms were placed in 120 ppt rGSL water and fed D. viridis at 
an approximate density of 100 µg/L Chla estimated with absorbance. Solutions were gently 
aerated.  
 
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(S/cm) 

TRC  
(mg/L)

b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13852 7.9 NM NM 140,200 NM NM 122 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

 Biological observations (primarily survival) taken daily.  

 Chemistries taken on renewal days (i.e., pH, dissolved oxygen, and temperature).  

 Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

 Dry weights (±0.01 mg) were determined at test termination.   
 
 
Results:  
 
The survival of the brine shrimp in this study is illustrated in the following figure. 
 

  
 

Survival in the two D. viridis treatments met the 80% control performace threshold, survival in 
the mixed treatment did not.   
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Summary and findings: 

 Organism survival was between 70% and 100% for all treatments, with the mixed 
feeding treatment doing the worst and it was less than the target 80% survival threshold.  

 The 7 day growth for the brine shrimp in the mixed food and 50% D. viridis treatments 
were similar on a per original basis. Both were lower than the full D. viridis treatment.  

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Growth (dry wt) on Day 6 or 7

D
ry

 W
ei

gh
t 

(m
g)

 
Brine Shrimp Weight Per Original 

Exp 1 Day 6

Exp 2 Small Day 6

Exp 2 Large Day 6

Exp 3 Small Day 6

Exp 3 Large Day 6

Exp 4 10 org Day 7

Exp 4 20 org Day 7

Exp 5  Day 7

Exp 6 Day 7 Treatment 1

Exp 6 Day 7 Treatment 2

Exp 6 Day 7 Treatment 3

Exp 6 Day 7 Treatment 4

Exp 7 D7 T1

Exp 7 D7 T2

Exp 7 D7 T3

Ex
p

 7
 D

7
 T

1
 

Ex
p

 4
 1

0
 o

rg
 

Ex
p

 5
 D

7
 

0

0.02

0.04

0.06

0.08

0.1

0.12

Dry Wt (mg)

Weight Per Surviving Organism 

Treatment 1

Treatment 2

Treatment 3

Page 3 of 13



Page 4 of 13



Page 5 of 13



Page 6 of 13



Page 7 of 13



Page 8 of 13



Page 9 of 13



Page 10 of 13



Page 11 of 13



Page 12 of 13



Page 13 of 13



TRE Environmental Strategies, LLC 

100 Racquette Drive, Unit A, Fort Collins, Colorado, 80524 

T 970.416.0916   F 970.490.2963 

 

 
 
March 16, 2020 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
Subject: Results of Short-term Chronic Brine Shrimp Experiment #8 
 
 
Mr. Bittner/ Dr. Belovsky: 
 
Below is a summary of the short-term chronic brine shrimp experiment initiated on February 25, 
2020.  The purpose of this experiment was to investigate whether yeast or YTC could be used 
as an alternative or supplemental food source during short term chronic testing with Artemia 
franciscana (brine shrimp).   
 
The results of these studies will help determine if Dunaliella viridis can be replaced or 
supplemented with yeast or YTC as the food source during the test. Yeast can be purchased 
and made into slurry and YTC is prepared regularly for organism culture, so they would be an 
easier food source to maintain for testing.   
 
Five different algal cell concentrations were tested: 

 Treatment 1: D. viridis (145 µg/L Chla) 

 Treatment 2: Yeast (15 mg/rep) 

 Treatment 3: D. viridis (72.5 µg/L Chla, 50% of the normal density)/ Yeast (7.5 mg/rep) 

 Treatment 4: Cerio YTC (1.2 mg/rep) 

 Treatment 5: D. viridis (72.5 µg/L Chla, 50% of the normal density)/ YTC (0.6 mg/rep) 
 

The test duration was 7 days. The test volume was consistent at 50 ml and test solutions were 
renewed daily.  
 
Species: Artemia franciscana 
 
Test type:  

 Test duration: 7 days 

 Test type: static-renewal (solutions and food renewed daily) 

 Algae: D. viridis  

 Algae concentration: various (see above) 

 Temperature: 20°C 

 Test volume(s): 50 ml 

 Replicates: 3 
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 Organisms/Rep: 10 

 Test media: 120 ppt rGSL media (per Notre Dame recipe) 
   
Pretest conditions: A. franciscana cysts were hatched out in ~29 ppt artificial seawater (Crystal 
Sea Marine Mix) and ~200 organisms were placed in 120 ppt rGSL water and fed D. viridis at 
an approximate density of 100 µg/L Chla estimated with absorbance. Solutions were gently 
aerated.  
 
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(S/cm) 

TRC  
(mg/L)

b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13852 7.7 NM NM 157,300 NM NM 122 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

 Biological observations (primarily survival) taken daily.  

 Chemistries taken on renewal days (i.e., pH, dissolved oxygen, and temperature).  

 Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

 Dry weights (±0.01 mg) were determined at test termination.   
 
 
Results:  
 
The survival of the brine shrimp in this study is illustrated in the following figure. 
 

  
 

Survival in four of the treatments, 100% D. viridis, D. viridis/yeast mix, YTC, and D. viridis/YTC 
mix met the 80% control performace threshold, survival in the yeast treatment did not.   
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Summary and findings: 

 Organism survival was between 33% and 100% for all treatments, with the yeast-fed 
treatment doing the worst, less than the target 80% survival threshold.  

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Growth (dry wt) on Day 6 or 7

D
ry

 W
ei

gh
t 

(m
g)

 
Brine Shrimp Weight Per Original Organism 

Exp 1 Day 6

Exp 2 Small Day 6

Exp 2 Large Day 6

Exp 3 Small Day 6

Exp 3 Large Day 6

Exp 4 10 org Day 7

Exp 4 20 org Day 7

Exp 5  Day 7

Exp 6 Day 7 Treatment 1

Exp 6 Day 7 Treatment 2

Exp 6 Day 7 Treatment 3

Exp 6 Day 7 Treatment 4

Exp 7 D7 T1

Exp 7 D7 T2

Exp 7 D7 T3

Exp 8 T1

Exp 8 T2

Exp 8 T3

Exp 8 T4

Exp 8 T5

Ex
p

 7
 D

7
 T

1
 

Ex
p

 4
 1

0
 o

rg
 

Ex
p

 5
 D

7
 

Ex
p

 8
 D

7
 T

1
 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Dry Weight (mg)

Weight Per Surviving Organism 

Treatment 1

Treatment 2

Treatment 3

Treatment 4

Treatment 5























TRE Environmental Strategies, LLC 

100 Racquette Drive, Unit A, Fort Collins, Colorado, 80524 

T 970.416.0916   F 970.490.2963 

 

April 7, 2020 
 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
 
Subject: Algae Absorbance vs Cell Count  
 
 
Mr. Bittner / Dr. Belovsky: 
 
Dunaliella viridis has been the main source of food for brine shrimp chronic tests. The amount of 
D. viridis added to each test has been determined by spectrophotometric absorbance at 450 
nm, which is then converted into approximate Chla concentration to determine the volume of 
algae that is needed to feed each test chamber. This relationship was established using 
extensive fluorometric and spectrophotometric analyses during the acute studies with three 
metals. The purpose of this study was to determine the relationship between absorbance at 450 
nm and cell density to determine if cell density could be used as a reliable quantitative metric for 
determining food density. Cell density is commonly used to prepare food for other WET 
methods and would allow for the amount of algae being fed to be more consistent across 
multiple laboratories.  
 
Dunaliella viridis was collected from four different cultures. Absorbance was measured on each 
sample and the remaining volume was preserved with Lugol’s solution. Preserved samples 
were counted with a hemocytometer under a compound microscope. Absorbance values were 
converted to approximate Chla values to determine how much volume would be used in a 
hypothetical test. This value was multiplied by the cell density to obtain how many cells would 
be added to each test chamber. Values are shown in the table and graph below: 
 

Abs Count (x 105) Volume in test Cells added to test chamber 

0.298 4.15 17.6 73.04 x 105 

2.578 52.4 1.5 78.60 x 105 

0.586 13.95 7.4 103.23 x 105 

0.745 17.3 5.6 96.88 x 105 
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Cell density and absorbance demonstrated a strong, consistent relationship within the range 
studied, generating an r2 value of 0.9916. This suggests that switching to a specified D. viridis 
cell count may be an acceptable method to help ensure consistent feeding during a WET test. 
 
Sincerely, 
 

 
 
Amanda Bidlack David Pillard, Ph.D.  
Project Specialist / QA Officer   Principal/Senior Toxicologist 
bidlackac.tre@gmail.com pillardda.tre@gmail.com  
 
17001-474-059 
 
Attachment  
 
cc:  Rami B. Naddy, TRE 

y = 20.272x + 0.6293 
R² = 0.9916 
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Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
Subject: Results of Short-term Chronic Brine Shrimp Experiment #9 
 
 
Mr. Bittner / Dr. Belovsky: 
 
Below is a summary of the short-term chronic brine shrimp experiment initiated on March 10, 
2020.  The purpose of this experiment was to verify the results from the previous experiment 
showing whether yeast or YTC1 could be used as an alternative or supplemental food source 
during short term chronic testing with Artemia franciscana (brine shrimp).   
 
The results of these studies will help determine if Dunaliella viridis can be replaced or 
supplemented with yeast or YTC as the food source during the test. Yeast can be purchased 
and made into slurry and YTC is prepared regularly for organism culture, so they would be an 
easier food source to maintain for testing, and are commonly used by other testing laboratories.   
 
Five different treatments were tested (algal density was 50% in the supplemented treatments): 

 Treatment 1: D. viridis (145 µg/L Chla) 

 Treatment 2: Yeast (7.5 mg/rep) 

 Treatment 3: D. viridis (72.5 µg/L Chla, 50% of the normal density)/ Yeast (7.5 mg/rep) 

 Treatment 4: D. viridis (72.5 µg/L Chla, 50% of the normal density)/ YTC (0.6 mg/rep) 

 Treatment 5: D. viridis (72.5 µg/L Chla, 50% of the normal density)/ YTC (1.2 mg/rep) 
 

The test duration was 7 days. The test volume was consistent at 50 ml and test solutions were 
renewed daily.  
 
Species: Artemia franciscana 
 
Test type:  

 Test duration: 7 days 

 Test type: static-renewal (solutions and food renewed daily) 

 Algae: D. viridis  

 Algae concentration: 72.5 (supplemented treatments) or 145 µg/L Chla (see above) 

 Temperature: 20°C 

                                                 
1
 yeast-trout chow-cerophyl mixture used as a typical food for water fleas in whole effluent toxicity testing (USEPA 

2002) 
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 Test volume(s): 50 ml 

 Replicates: 3 

 Organisms/Rep: 10 

 Test media: 120 ppt rGSL media (per Notre Dame recipe) 
   
Pretest conditions: A. franciscana cysts were hatched out in ~29 ppt artificial seawater (Crystal 
Sea Marine Mix) and ~200 organisms were placed in 120 ppt rGSL water and fed D. viridis at 
an approximate density of 100 µg/L Chla estimated with absorbance. Solutions were gently 
aerated.  
 
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(S/cm) 

TRC  
(mg/L)

b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13852 7.8 NM NM 144,800 NM NM 122 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

 Biological observations (primarily survival) taken daily.  

 Chemistries taken on renewal days (i.e., pH, dissolved oxygen, and temperature).  

 Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

 Dry weights (±0.01 mg) were determined at test termination.   
 
 
Results:  
 
The survival of the brine shrimp in this study is illustrated in the following figure. 
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Survival in four of the treatments, 100% D. viridis, D. viridis/yeast mix, and D. viridis/YTC mixes 
met the 80% control performace threshold, survival in the yeast treatment did not.  
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Summary and findings: 

 Organism survival was between 33% and 100% for all treatments,  

 The yeast-fed treatment performed the worst and did not meet the target 80% survival 
threshold  

o This result is similar to what was observed in the prior experiment (see TRE 
report 14001-474-054) 

o Based on visual observation, the yeast appears to settle out in the rGSL water, 
which was probably limiting its availability to the brine shrimp. 

 7-day growth for the brine shrimp in the mixed food treatments had the following results 
o The yeast – D. viridis mixture had a 7% decrease compared to D. viridis alone 
o The first YTC – D. viridis mixture had a 15.7% increase compared to D. viridis 

alone 
o The second YTC – D. viridis mixture demonstrated an additional 5.2% increase 

over the first YTC - D. viridis mixture  

 The 7 day growth for the yeast treatment was considerably lower than the full D. viridis 
treatment. Again, this was similar to the previous study (TRE report -054). 

 All organisms in this study still transitioned from nauplii to juvenile between test days 3 
and 4. 

 
Based on these, and previous results, feeding with only yeast has proven to be a poor food 
source for A. franciscana compared to D. viridis alone, providing inadequate nutrition over the 
course of the test.  Reducing the D. viridis concentration and supplementing with yeast or YTC 
appears to be a viable feeding option as organisms in these treatments had similar or higher 
growth than the D. viridis alone. There was not a significant increase in growth with the higher 
YTC amount, suggesting that the lower amount appears to be adequate.  
 
With this study completed, we are proposing to set the feeding regime in the test method we are 
developing to a mixture of YTC – D. viridis. We recommend this for two reasons: 1) organism 
weight appeared to increase with the addition of a relatively small amount of YTC and 2) this will 
help reduce dependency of a relatively slow growing algal species / and thus facilitate testing 
(and for other potential laboratories in the future).  
 
We greatly appreciate the opportunity to complete this study for you.  Please do not hesitate to 
call if you have any questions regarding this study.  
 
Sincerely, 
 
 
 
Amanda Bidlack Rami B. Naddy, Ph.D.  
Project Specialist / QA Officer Manager / Environmental Toxicologist 
bidlackac.tre@gmail.com naddyrb.tre@gmail.com  
 
14001-474-056 
 
Attachment  
 
cc:  David Pillard, TRE 
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TRE Environmental Strategies, LLC 

100 Racquette Drive, Unit A, Fort Collins, Colorado, 80524 
T 970.416.0916   F 970.490.2963 
 

1 yeast-trout chow-cerophyl mixture used as a typical food for water fleas in whole effluent toxicity testing (USEPA 2002) 

 
 
 
April 20, 2020 
 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
 
Subject: Results of Short-term Chronic Brine Shrimp Experiment #11 
 
 
Mr. Bittner/ Dr. Belovsky: 
 
Below is a summary of the short-term chronic brine shrimp experiment initiated on April 1, 2020.  
The purpose of this experiment was to investigate whether the performance of Artemia 
franciscana controls was affected by salinity.  
 
Along with a 120 ppt control and an algae-only concurrent control, three salinities were tested:  

• Treatment 1: 25 ppt 
• Treatment 2: 56 ppt 
• Treatment 3: 88 ppt 
• Treatment 4: 120 ppt 
• Treatment 5: 120 ppt, fed algae only 

 
The results of these studies will help determine the applicability of this short-term chronic toxicity 
test at lower salinities that may occur in the Great Salt Lake.    
 
Species: Artemia franciscana 
 
Test type:  

• Test duration: 7 days 
• Test type: static-renewal (solutions and food renewed daily) 
• Algae: Dunaliella viridis  
• Algae concentration: 145 µg/L Chla, or 72.5 µg/L Chla and 0.33 ml/ chamber YTC1 
• Temperature: 20°C 
• Test volume(s): 50 ml 
• Replicates: 4 
• Organisms/Rep: 10 
• Test media: Various (see above) 
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Pretest conditions: <24-h old A. franciscana were hatched out in ~29 ppt artificial seawater 
(Crystal Sea Marine Mix) and ~200 organisms were placed in 120 ppt rGSL water and fed 
Dunaliella viridis at a density of 100 µg/L Chla. Solutions were gently aerated.  
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)a 

Alk.  
(mg/L)a 

Spec. Cond. 

(S/cm) 

TRC  
(mg/L)b 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13888 8.0 NM NM 135,400 NM NM 120 
aAs CaCO3 
bTotal residual chlorine 
 
Test activities: 

• Biological observations (primarily survival) taken daily.  
• Chemistries taken on renewal days (i.e., pH, dissolved oxygen, and temperature).  
• Salinity was measured daily in new solutions. 
• Conductivity was measured at test termination or when there was 0% survival in that 

treatment. 
• Dry weights were determined at test termination.   

 
Results:  
 
The results of the two control treatments (fed only D. viridis and fed a mixture of D. viridis/YTC) 
are shown in the following table. Survival and growth (dry wt) were similar between the two 
treatments. 
 

Treatment Survival Weight Per Original Org Weight Per Surviving Org 

D. viridis/ YTC 97.5% 0.123 mg 0.126 mg 

D. viridis only 92.5% 0.110 mg 0.119 mg 
 
Survival and growth of A. franciscana in all treatments are show shown in the following figures. 
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Summary and findings: 
 

• Organism survival was ≥ 90% for all treatments.  
• Growth was very similar between the D. viridis -only treatment and the D. viridis + YTC 

treatment. 
o The D. viridis – YTC mixture had an 11% increase in growth compared to D. 

viridis alone 
• Growth was similar across all salinities measured (13% difference from highest to 
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TRE Environmental Strategies, LLC 

100 Racquette Drive, Unit A, Fort Collins, Colorado, 80524 

T 970.416.0916   F 970.490.2963 

 

1 yeast-trout chow-cerophyl mixture used as a typical food for water fleas in whole effluent toxicity testing (USEPA 2002) 

 
 
 
May 6, 2020 
 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
 
Subject: Results of Short-term Chronic Brine Shrimp Experiment #12 
 
 
Mr. Bittner/ Dr. Belovsky: 
 
Below is a summary of the short-term chronic brine shrimp experiment initiated on April 22, 
2020.  The purpose of this experiment was to investigate whether the pre-test holding conditions 
would affect the performance of Artemia franciscana controls. The test conditions during the 7-
day test period were all the same.  
 
In previous studies, cysts were added to ~29 ppt artificial seawater (Crystal Sea Marine Mix). 
After 24 hours, approximately 200 newly hatched nauplii were isolated and held in 50 mL of 
gently aerating rGSL and fed one time a concentration of 100 µg/L Chla D. viridis for the 48 hour 
pre-test period. In this study, five different pre-test treatments, all in 50 mL of rGSL, and all 
gently aerated, were examined: 

 Treatment 1: 100 organisms, 100 µg/L Chla D. viridis 

 Treatment 2: 200 organisms, 100 µg/L Chla D. viridis 

 Treatment 3: 300 organisms, 100 µg/L Chla D. viridis 

 Treatment 4: 200 organisms, 72.5 µg/L Chla D. viridis and 0.3 ml/ chamber YTC1 

 Treatment 5: 200 organisms, 100 µg/L Chla D. viridis,  all organisms hatched 
within 8 hours of cysts being added to water 

 
The results of these studies will help determine if pre-test holding conditions could impact 
variability in weight gain observed among studies or brine shrimp control response.    
 
Species: Artemia franciscana 
 
Test type:  

 All conditions during the 7-day period were the same for all treatments 

 Test duration: 7 days 

 Test type: static-renewal (solutions and food renewed daily) 

 Algae: Dunaliella viridis  
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 Algae/ Food concentration: 72.5 µg/L Chla D. viridis and 0.3 ml/ chamber YTC1 

 Temperature: 20°C 

 Test volume(s): 50 ml 

 Replicates: 4 

 Organisms/Rep: 10 

 Test media: 120 ppt rGSL media (per Notre Dame recipe) 
   
Pretest conditions: Various (see above) 
 

Characterization of Recon Water 
 

Sample No. pH 
Hard.  

(mg/L)
a 

Alk.  
(mg/L)

a 
Spec. Cond. 

(S/cm) 

TRC  
(mg/L)

b
 

NH3-N  
(mg/L) 

Salinity 
(ppt) 

RW#13888 8.0 NM NM 135,800 NM NM 124 
a
As CaCO3 

b
Total residual chlorine 

 
Test activities: 

 Biological observations (primarily survival) taken daily.  

 Chemistries taken on renewal days (i.e., pH, dissolved oxygen, and temperature).  

 Conductivity was measured at test termination or when there was 0% survival in that 
treatment. 

 Dry weights were determined at test termination.   
 
Results:  
 
Survival and growth of A. franciscana in all treatments are show shown in the following figures. 
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Summary and findings: 
 

 Organism survival was ≥ 80% for all treatments.  

 Growth was similar across treatments 1, 2, and 3. This suggests that, at densities 
between 100 and 300, organism density in pre-test holding does not impact test data. 

 Treatment 4 growth was higher than treatments 1, 2, and 3, suggesting that the 
YTC/algae mixture feeding is acceptable for the pre-test holding.  

o This allows the pre-test and the test to be fed the same, simplifying feeding 
protocols and reducing volume of D. viridis required. 
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TRE Environmental Strategies, LLC 

100 Racquette Drive, Unit A, Fort Collins, Colorado, 80524 
T 970.416.0916   F 970.490.2963 
 
 
 
 
April 20, 2020 
 
 
 
 
Mr. Christopher Bittner Dr. Gary Belovsky 
Standards Coordinator Environ. Res. Center & Dept. Biol Sci. 
Utah Dept. of Environmental Quality  University of Notre Dame 
195 N 1950 W Notre Dame, IN 46556 
Salt Lake City, UT 84116 
 
 
 
 
Subject: CVs for weight in Short-term Chronic Brine Shrimp experiments 
 
 
Mr. Bittner/ Dr. Belovsky: 
 
Please find below a summary of the data collected from the controls (and other appropriate 
treatments) from short-term chronic brine shrimp tests conducted so far.  Data include, average 
dry weights (mg), standard deviation (Std Dev.), number of replicates tested, and the coefficient 
of variations (CV).  The treatments in bold designates those studies which use our current and 
proposed final experimental design (i.e., 10 organisms per 50 ml test solution, daily renewal, 4 
replicates).  
 
Data in the first table are those studies fed 145 µg/L Chla Dunaliellia viridis, whereas data in the 
second table represent those studies fed 72.5 µg/L Chla D. viridis and 0.6 mg YTC (yeast, trout 
chow, cereal leaves mixture, per EPA 2002).   
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Experiment Treatment 
Average dry 

wt (mg) 
Std Dev. # of Reps C.V (%) 

1 6d 0.0556 0.0047 4 8.38 

 10d 0.1065 0.0152 4 14.24 
 14d 0.1514 0.0051 4 3.34 
2 50 ml 0.0605 0.0013 3 2.19 

 150ml 0.0637 0.0008 3 1.2 

3 50ml 6d 0.1233 0.0033 3 2.64 

 150 ml 6d 0.1148 0.0106 3 9.20 

 50 ml 10d 0.1350 0.0136 3 10.07 

 150 ml 10d 0.2782 0.0191 3 6.87 

4 10 org 7d 0.1145 0.0106 2 9.26 

 20 org 7d 0.1160 0.0064 2 5.49 

 10 org 10d 0.3025 0.0021 2 0.701 

 20 org 10d 0.1865 0.0021 2 1.14 

5 Control 7d 0.0913 0.0153 4 16.80 

 Control 10d 0.2508 0.0262 4 10.45 

7 D viridis 0.1093 0.0040 3 3.70 

 1/2 D. viridis 0.0787 0.0055 3 7.00 

8 D. viridis 0.0577 0.0042 3 7.22 

9 D. viridis 0.1073 0.0146 3 13.58 

10 D. viridis 0.2350 0.0249 4 10.07 

11 120 ppt algae 0.110 0.0224 4 20.38 

 
 
 

Experiment Treatment 
Average dry 

wt (mg) 
Std Dev. # of Reps C.V (%) 

8 D. viridis / YTC 0.0703 0.0076 3 10.766 

9 D. viridis / YTC 0.1267 0.0244 3 19.247 

10 Control 0.2340 0.0524 4 22.386 

11 Control 0.1228 0.0127 4 10.356 
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Algae Culturing 

 

Rami Naddy <naddyrb.tre@gmail.com> 
 

Mon, Jan 
20, 11:13 

AM 

  
 

to me 

 
 

conversation between Amanda (TRE) and Shannon (ND) about D. viridis growth rate. 
 
---------- Forwarded message --------- 
From: Amanda Bidlack <bidlackac.tre@gmail.com> 
Date: Mon, Jan 20, 2020 at 10:56 AM 
Subject: Fwd: D. viridis culture 
To: Rami Naddy <naddyrb.tre@gmail.com> 
 

 

---------- Forwarded message --------- 
From: Shannon Jones <sjones32@nd.edu> 
Date: Tue, Dec 3, 2019 at 1:17 PM 
Subject: Re: D. viridis culture 
To: Amanda Bidlack <bidlackac.tre@gmail.com> 
 

Hi Amanda,  
     We normally culture at 120 ppt. I'm looking into why that jug was at a lower salinity - 
I'd been relying heavily on undergrads while I worked on a massive experiment for the 
last month, and one of them may have adjusted the salinity in error.  
     D. viridis grows very slowly. I set up a 1 gallon jug generally two to three months 
before I want to use it (generally I set it up at 1-2ug/l chl a, and after 2 months it's 
around 200-250 ug/l chl a). It doesn't grow fast.  
     Sorry that that may bnot be the answer you're looking for, but feel free to ask me 
whatever questions you have. 
Shannon 
 
On Sun, Dec 1, 2019 at 9:51 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 
Hi, 
I had a couple follow up questions. The jugs we recieved from you measured at 40ppt, 
is that where you normally culture? Also, how much do you expect the algae to grow in 
a week? 
 
Thanks 

mailto:bidlackac.tre@gmail.com
mailto:naddyrb.tre@gmail.com
mailto:sjones32@nd.edu
mailto:bidlackac.tre@gmail.com
mailto:bidlackac.tre@gmail.com


 
On Tue, Nov 19, 2019 at 1:30 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 
Thanks for the help! 

 What temperature are you keeping your cultures at? 

We are culturing at about 10C. They are in a walk in cooler and the temperature is 
pretty stable between about 9 and 12 degrees. 

 How much are you aerating them (ex, 1 bubble every second, constant 
stream, etc.) 

They are aerating at a constant stream.  

 When you feed, what are you feeding and how much?  

They are getting feed 2ml of nutrient stock per liter once a week. The nutrient stock is 
10% blue solution, 10% P/N solution and 80% RO water. 

 What are you using for your media?  

The media is 120 ppt brine made with moton's water softener salt and instant ocean. 

 What size containers are you using to enclose your cultures? Are they 
relatively closed systems? 

Most of the cultures are in glass 1 gallon jugs. The smaller volumes may be in flasks, 
we only have one of those going at the moment. The jugs have a lid which the airline 
passes through, and there is a small hole in the lid to allow air to escape, but it is pretty 
closed. I have attached a picture of the current set up. 

 When you receive a shipment of D. viridis, how are you treating it? Are you 
decanting and getting it bubbling immediately? 

Yes, when we receive them, we get them bubbling right away. Depending on volume, it 
would either go into a flask or a jug. Typically under a liter goes into a flask and over a 
liter goes into a jug. 

 Do you ever start new cultures, transfer cultures, or split old cultures? Or are 
you just trying to progressively grow what you have?  

Whenever the volume on a culture in a jug starts to get near the capacity (probably 
when it is about 3L), I split it off into two containers. If a container seems to be 
developing a build up on the sides, I transfer the culture into a new container. In 
general, we are just growing progressively.   
 

mailto:bidlackac.tre@gmail.com


       How are you determining how much to dilute the culture you use before 
feeding it to the animals? If you have 12 L but it’s above 40ug/L chlorophyll, 
you should probably be diluting it.   

Prior to when I took over the culturing, a series of chlorophyll extractions vs absorbance 
levels was measured to establish the relationship.  Now, when we are feeding the 
animals, I measure the absorbance and plug it into that formula and it tells me how 
much to add to get the desired test concentration. For the 150ml containers, this has 
typically worked out to be around 7ml of algae per testing vessel per day. 
 
Thank you for sending the 4L, that will be extremely helpful. I'll get it aerating when we 
get it. 
 
On Tue, Nov 19, 2019 at 12:37 PM Shannon Jones <sjones32@nd.edu> wrote: 
Hi again,  
      How are you determining how much to dilute the culture you use before feeding it to 
the animals? If you have 12 L but it’s above 40ug/L chlorophyll, you should probably be 
diluting it. 
Shannon 
 
On Tue, Nov 19, 2019 at 9:45 AM Shannon Jones <sjones32@nd.edu> wrote: 
Hi Amanda,  
     First of all, I'm going to overnight you ~4L of D. viridis today. It should arrive 
tomorrow, I'll give you the tracking number once it's ready to go out.  
     Gary and I spoke yesterday, and I have some questions for you. 

 What temperature are you keeping your cultures at? 
 How much are you aerating them (ex, 1 bubble every second, constant 

stream, etc.) 
 When you feed, what are you feeding and how much?  
 What are you using for your media?  
 What size containers are you using to enclose your cultures? Are they 

relatively closed systems? 
 When you receive a shipment of D. viridis, how are you treating it? Are you 

decanting and getting it bubbling immediately? 
 Do you ever start new cultures, transfer cultures, or split old cultures? Or 

are you just trying to progressively grow what you have?  

     If you'd rather, we can discuss this on the phone. 
Shannon 
 
On Fri, Nov 15, 2019 at 7:24 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 
Thanks.  
 

mailto:sjones32@nd.edu
mailto:sjones32@nd.edu
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We are trying to generate as much as possible right now. Currently we have about 12L 
and we will burn through that pretty quickly with the brine shrimp tests, so we are trying 
to stay ahead. 
 
Right now, I feed it once a week and add about 10% more media each week. 
 
On Fri, Nov 15, 2019 at 7:11 AM Shannon Jones <sjones32@nd.edu> wrote: 
Hi,  
     Slow growth is fairly standard here as well. What volume are you trying to get to, and 
what rate are you using the culture at? 
 
On Thu, Nov 14, 2019 at 5:22 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 
Hello, 
I am working on the D. viridis cultures for TRE. Our cultures have been maintaining well, 
but we are seeing very slow grow, so Rami suggested I reach out to you and see if you 
had any techniques to speed up the process. We were considering aeration with CO2 
as a possibility. 
 
Thanks, 
Amanda 
 
 
-- 
Amanda Bidlack 
Quality Assurance Manager/ Project Specialist 
TRE Environmental Strategies, LLC 
T 970.416.0916   F 970.490.296  
bidlackac.tre@gmail.com 
 
Confidentiality Notice: This electronic message and any attachment may contain confidential and privileged 
information belonging to the sender or intended recipient. This information is intended only for the use of the persons 
or entities named therein. If you are not the intended recipient or the agent or employee responsible to deliver this 
message to the intended recipient, you are hereby notified that any disclosure, copying, use, distribution, or taking of 
any action in reliance on the contents of this information is strictly prohibited. If you have received this transmission in 
error, please immediately advise the sender by reply email and delete this message from your system. Thank you for 
your cooperation. 

 

Yeast (Fleishmans) 

 

Shannon Jones <sjones32@nd.edu> 
 

Thu, Feb 

20, 3:23 

PM 

  

 

to Rami, me 

  
Hi Rami and Chris,  

mailto:sjones32@nd.edu
mailto:bidlackac.tre@gmail.com
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     Here's the basic protocol we were using for our latest yeast experiments, which were done in 

individual 400 ml jars. Let me know if you have any questions! 

Shannon 

 

Brine shrimp should be fed a dissolved yeast solution once every two days. 

1.      Fill a 1L beaker with 500 ml RO water 

2.      Add yeast - Stock solution = 1 g yeast in 500 ml RO 

3.      Add a stir bar to the beaker, and place it on a stir plate for at least 10 minutes, or until 

the yeast is thoroughly dissolved. 

4.      Add variable volumes of this mixture to 400 ml brine solution in each bottle: 

Volume added to each bottle & mass equivalent 

7.5 ml       =           10 mg 

3.75 ml     =           7.5 mg 

2.5 ml       =           5 mg 

1.25 ml     =           2.5 mg 

 0.5 ml      =           1 mg 

                      0.01 ml    =           20 ug 

 

-- 

Shannon Jones 

Belovsky Lab Research Technician 

Lab phone: 574-631-0949 

096/098 Galvin Life Science Center 

University of Notre Dame 

Notre Dame, IN 46556 

 



 

Algae Culturing 

 

Rami Naddy <naddyrb.tre@gmail.com> 
 

Mon, Jan 
20, 11:13 

AM 

  
 

to me 

 
 

conversation between Amanda (TRE) and Shannon (ND) about D. viridis growth rate. 
 
---------- Forwarded message --------- 
From: Amanda Bidlack <bidlackac.tre@gmail.com> 
Date: Mon, Jan 20, 2020 at 10:56 AM 
Subject: Fwd: D. viridis culture 
To: Rami Naddy <naddyrb.tre@gmail.com> 
 

 

---------- Forwarded message --------- 
From: Shannon Jones <sjones32@nd.edu> 
Date: Tue, Dec 3, 2019 at 1:17 PM 
Subject: Re: D. viridis culture 
To: Amanda Bidlack <bidlackac.tre@gmail.com> 
 

Hi Amanda,  
     We normally culture at 120 ppt. I'm looking into why that jug was at a lower salinity - 
I'd been relying heavily on undergrads while I worked on a massive experiment for the 
last month, and one of them may have adjusted the salinity in error.  
     D. viridis grows very slowly. I set up a 1 gallon jug generally two to three months 
before I want to use it (generally I set it up at 1-2ug/l chl a, and after 2 months it's 
around 200-250 ug/l chl a). It doesn't grow fast.  
     Sorry that that may bnot be the answer you're looking for, but feel free to ask me 
whatever questions you have. 
Shannon 
 
On Sun, Dec 1, 2019 at 9:51 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 
Hi, 
I had a couple follow up questions. The jugs we recieved from you measured at 40ppt, 
is that where you normally culture? Also, how much do you expect the algae to grow in 
a week? 
 
Thanks 

mailto:bidlackac.tre@gmail.com
mailto:naddyrb.tre@gmail.com
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On Tue, Nov 19, 2019 at 1:30 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 
Thanks for the help! 

 What temperature are you keeping your cultures at? 

We are culturing at about 10C. They are in a walk in cooler and the temperature is 
pretty stable between about 9 and 12 degrees. 

 How much are you aerating them (ex, 1 bubble every second, constant 
stream, etc.) 

They are aerating at a constant stream.  

 When you feed, what are you feeding and how much?  

They are getting feed 2ml of nutrient stock per liter once a week. The nutrient stock is 
10% blue solution, 10% P/N solution and 80% RO water. 

 What are you using for your media?  

The media is 120 ppt brine made with moton's water softener salt and instant ocean. 

 What size containers are you using to enclose your cultures? Are they 
relatively closed systems? 

Most of the cultures are in glass 1 gallon jugs. The smaller volumes may be in flasks, 
we only have one of those going at the moment. The jugs have a lid which the airline 
passes through, and there is a small hole in the lid to allow air to escape, but it is pretty 
closed. I have attached a picture of the current set up. 

 When you receive a shipment of D. viridis, how are you treating it? Are you 
decanting and getting it bubbling immediately? 

Yes, when we receive them, we get them bubbling right away. Depending on volume, it 
would either go into a flask or a jug. Typically under a liter goes into a flask and over a 
liter goes into a jug. 

 Do you ever start new cultures, transfer cultures, or split old cultures? Or are 
you just trying to progressively grow what you have?  

Whenever the volume on a culture in a jug starts to get near the capacity (probably 
when it is about 3L), I split it off into two containers. If a container seems to be 
developing a build up on the sides, I transfer the culture into a new container. In 
general, we are just growing progressively.   
 

mailto:bidlackac.tre@gmail.com


       How are you determining how much to dilute the culture you use before 
feeding it to the animals? If you have 12 L but it’s above 40ug/L chlorophyll, 
you should probably be diluting it.   

Prior to when I took over the culturing, a series of chlorophyll extractions vs absorbance 
levels was measured to establish the relationship.  Now, when we are feeding the 
animals, I measure the absorbance and plug it into that formula and it tells me how 
much to add to get the desired test concentration. For the 150ml containers, this has 
typically worked out to be around 7ml of algae per testing vessel per day. 
 
Thank you for sending the 4L, that will be extremely helpful. I'll get it aerating when we 
get it. 
 
On Tue, Nov 19, 2019 at 12:37 PM Shannon Jones <sjones32@nd.edu> wrote: 
Hi again,  
      How are you determining how much to dilute the culture you use before feeding it to 
the animals? If you have 12 L but it’s above 40ug/L chlorophyll, you should probably be 
diluting it. 
Shannon 
 
On Tue, Nov 19, 2019 at 9:45 AM Shannon Jones <sjones32@nd.edu> wrote: 
Hi Amanda,  
     First of all, I'm going to overnight you ~4L of D. viridis today. It should arrive 
tomorrow, I'll give you the tracking number once it's ready to go out.  
     Gary and I spoke yesterday, and I have some questions for you. 

 What temperature are you keeping your cultures at? 
 How much are you aerating them (ex, 1 bubble every second, constant 

stream, etc.) 
 When you feed, what are you feeding and how much?  
 What are you using for your media?  
 What size containers are you using to enclose your cultures? Are they 

relatively closed systems? 
 When you receive a shipment of D. viridis, how are you treating it? Are you 

decanting and getting it bubbling immediately? 
 Do you ever start new cultures, transfer cultures, or split old cultures? Or 

are you just trying to progressively grow what you have?  

     If you'd rather, we can discuss this on the phone. 
Shannon 
 
On Fri, Nov 15, 2019 at 7:24 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 
Thanks.  
 

mailto:sjones32@nd.edu
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We are trying to generate as much as possible right now. Currently we have about 12L 
and we will burn through that pretty quickly with the brine shrimp tests, so we are trying 
to stay ahead. 
 
Right now, I feed it once a week and add about 10% more media each week. 
 
On Fri, Nov 15, 2019 at 7:11 AM Shannon Jones <sjones32@nd.edu> wrote: 
Hi,  
     Slow growth is fairly standard here as well. What volume are you trying to get to, and 
what rate are you using the culture at? 
 
On Thu, Nov 14, 2019 at 5:22 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 
Hello, 
I am working on the D. viridis cultures for TRE. Our cultures have been maintaining well, 
but we are seeing very slow grow, so Rami suggested I reach out to you and see if you 
had any techniques to speed up the process. We were considering aeration with CO2 
as a possibility. 
 
Thanks, 
Amanda 
 
 
-- 
Amanda Bidlack 
Quality Assurance Manager/ Project Specialist 
TRE Environmental Strategies, LLC 
T 970.416.0916   F 970.490.296  
bidlackac.tre@gmail.com 
 
Confidentiality Notice: This electronic message and any attachment may contain confidential and privileged 
information belonging to the sender or intended recipient. This information is intended only for the use of the persons 
or entities named therein. If you are not the intended recipient or the agent or employee responsible to deliver this 
message to the intended recipient, you are hereby notified that any disclosure, copying, use, distribution, or taking of 
any action in reliance on the contents of this information is strictly prohibited. If you have received this transmission in 
error, please immediately advise the sender by reply email and delete this message from your system. Thank you for 
your cooperation. 

 

---------- Forwarded message --------- 

From: Shannon Jones <sjones32@nd.edu> 

Date: Tue, Dec 3, 2019 at 1:17 PM 

Subject: Re: D. viridis culture 

To: Amanda Bidlack <bidlackac.tre@gmail.com> 

 

 

Hi Amanda,  
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     We normally culture at 120 ppt. I'm looking into why that jug was at a lower salinity - I'd been 

relying heavily on undergrads while I worked on a massive experiment for the last month, and 

one of them may have adjusted the salinity in error.  

     D. viridis grows very slowly. I set up a 1 gallon jug generally two to three months before I 

want to use it (generally I set it up at 1-2ug/l chl a, and after 2 months it's around 200-250 ug/l 

chl a). It doesn't grow fast.  

     Sorry that that may bnot be the answer you're looking for, but feel free to ask me whatever 

questions you have. 

Shannon 

 

On Sun, Dec 1, 2019 at 9:51 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 

Hi, 

I had a couple follow up questions. The jugs we recieved from you measured at 40ppt, is that 

where you normally culture? Also, how much do you expect the algae to grow in a week? 

 

Thanks 

 

On Tue, Nov 19, 2019 at 1:30 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 

Thanks for the help! 

 What temperature are you keeping your cultures at? 

We are culturing at about 10C. They are in a walk in cooler and the temperature is pretty stable 

between about 9 and 12 degrees. 

 How much are you aerating them (ex, 1 bubble every second, constant stream, etc.) 

They are aerating at a constant stream.  

 When you feed, what are you feeding and how much?  

They are getting feed 2ml of nutrient stock per liter once a week. The nutrient stock is 10% blue 

solution, 10% P/N solution and 80% RO water. 

 What are you using for your media?  

The media is 120 ppt brine made with moton's water softener salt and instant ocean. 
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 What size containers are you using to enclose your cultures? Are they relatively closed 
systems? 

Most of the cultures are in glass 1 gallon jugs. The smaller volumes may be in flasks, we only 

have one of those going at the moment. The jugs have a lid which the airline passes through, 

and there is a small hole in the lid to allow air to escape, but it is pretty closed. I have attached a 

picture of the current set up. 

 When you receive a shipment of D. viridis, how are you treating it? Are you decanting 
and getting it bubbling immediately? 

Yes, when we receive them, we get them bubbling right away. Depending on volume, it would 

either go into a flask or a jug. Typically under a liter goes into a flask and over a liter goes into a 

jug. 

 Do you ever start new cultures, transfer cultures, or split old cultures? Or are you just 
trying to progressively grow what you have?  

Whenever the volume on a culture in a jug starts to get near the capacity (probably when it is 

about 3L), I split it off into two containers. If a container seems to be developing a build up on 

the sides, I transfer the culture into a new container. In general, we are just growing 

progressively.   

 

       How are you determining how much to dilute the culture you use before feeding it to 
the animals? If you have 12 L but it’s above 40ug/L chlorophyll, you should probably 
be diluting it.   

Prior to when I took over the culturing, a series of chlorophyll extractions vs absorbance levels 

was measured to establish the relationship.  Now, when we are feeding the animals, I measure 

the absorbance and plug it into that formula and it tells me how much to add to get the desired 

test concentration. For the 150ml containers, this has typically worked out to be around 7ml of 

algae per testing vessel per day. 

 

Thank you for sending the 4L, that will be extremely helpful. I'll get it aerating when we get it. 

 

On Tue, Nov 19, 2019 at 12:37 PM Shannon Jones <sjones32@nd.edu> wrote: 

Hi again,  

      How are you determining how much to dilute the culture you use before feeding it to the 

animals? If you have 12 L but it’s above 40ug/L chlorophyll, you should probably be diluting it. 

Shannon 

mailto:sjones32@nd.edu


 

On Tue, Nov 19, 2019 at 9:45 AM Shannon Jones <sjones32@nd.edu> wrote: 

Hi Amanda,  

     First of all, I'm going to overnight you ~4L of D. viridis today. It should arrive tomorrow, I'll 

give you the tracking number once it's ready to go out.  

     Gary and I spoke yesterday, and I have some questions for you. 

 What temperature are you keeping your cultures at? 
 How much are you aerating them (ex, 1 bubble every second, constant stream, etc.) 
 When you feed, what are you feeding and how much?  
 What are you using for your media?  
 What size containers are you using to enclose your cultures? Are they relatively closed 

systems? 
 When you receive a shipment of D. viridis, how are you treating it? Are you decanting 

and getting it bubbling immediately? 
 Do you ever start new cultures, transfer cultures, or split old cultures? Or are you just 

trying to progressively grow what you have?  

     If you'd rather, we can discuss this on the phone. 

Shannon 

 

On Fri, Nov 15, 2019 at 7:24 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 

Thanks.  

 

We are trying to generate as much as possible right now. Currently we have about 12L and we 

will burn through that pretty quickly with the brine shrimp tests, so we are trying to stay ahead. 

 

Right now, I feed it once a week and add about 10% more media each week. 

 

On Fri, Nov 15, 2019 at 7:11 AM Shannon Jones <sjones32@nd.edu> wrote: 

Hi,  

     Slow growth is fairly standard here as well. What volume are you trying to get to, and what 

rate are you using the culture at? 
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On Thu, Nov 14, 2019 at 5:22 PM Amanda Bidlack <bidlackac.tre@gmail.com> wrote: 

Hello, 

I am working on the D. viridis cultures for TRE. Our cultures have been maintaining well, but we 

are seeing very slow grow, so Rami suggested I reach out to you and see if you had any 

techniques to speed up the process. We were considering aeration with CO2 as a possibility. 

 

Thanks, 

Amanda 

 

 

-- 

Amanda Bidlack 

Quality Assurance Manager/ Project Specialist 

TRE Environmental Strategies, LLC 

T 970.416.0916   F 970.490.296  

bidlackac.tre@gmail.com 

 Yeast (Fleishmans) 

 

Shannon Jones <sjones32@nd.edu> 
 

Thu, Feb 

20, 3:23 

PM 

  

 

to Rami, me 

  
Hi Rami and Chris,  

     Here's the basic protocol we were using for our latest yeast experiments, which were done in 

individual 400 ml jars. Let me know if you have any questions! 

Shannon 

 

Brine shrimp should be fed a dissolved yeast solution once every two days. 

mailto:bidlackac.tre@gmail.com
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1.      Fill a 1L beaker with 500 ml RO water 

2.      Add yeast - Stock solution = 1 g yeast in 500 ml RO 

3.      Add a stir bar to the beaker, and place it on a stir plate for at least 10 minutes, or until 

the yeast is thoroughly dissolved. 

4.      Add variable volumes of this mixture to 400 ml brine solution in each bottle: 

Volume added to each bottle & mass equivalent 

7.5 ml       =           10 mg 

3.75 ml     =           7.5 mg 

2.5 ml       =           5 mg 

1.25 ml     =           2.5 mg 

 0.5 ml      =           1 mg 

                      0.01 ml    =           20 ug 

 

-- 

Shannon Jones 

Belovsky Lab Research Technician 

Lab phone: 574-631-0949 

096/098 Galvin Life Science Center 

University of Notre Dame 

Notre Dame, IN 46556 
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