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What is Elodea?

Scientific Name: Elodea canadensis Hydrocharitales

Common Name: Elodea or Waterweed

Elodea has a dark green leaf that is arranged in whorl shapes with 2 to 7 leafs that
branch off the stem.

In water Elodea is used by aquatic animals and insects to
provide cover. It is also provided as a food source for many
different pond animals.

Elodea grows in cold and clear water. It starts to grow when
temperatures are around 45-65°F. It is also found all around
North America as an aquatic plant.




Summary of Elodea Microbiome Research Results




Possible Medicinal Properties

Hydrilla Verticillata: closely related to
Elodea, has some promising factors

medicinally

- Complete nutrition

- Improve digestion and
gastrointestinal function

- Circulation

- Neurological health

- Blood sugar control

- Strengthen immunity

- Increase endurance

(Pal 2006)







Possible Medicinal Properties

Gellan is one of the most widely studied microbial polysaccharides and it is a linerar
polymer thats is produced by Elodea. This chain consists of a tetrasaccharide repeating unit
of l-rhamnose, d-glucose and d-glucuronate. Many a lot of the studies have focused on
gellan in food but since it has a unique structure and other beneficial properties, it is
described as a potent multifunctional additive for various pharmaceutical products.
Although gellan in pharmaceutical products is not full proof, it is seen to be useful in
studies of oral, ophthalmic, nasal and other pharmacy uses.

Osmalek 2014



Medicinal properties on Elodea

Gellan Gum is a common bacteria that grows on Elodea, and scientists have been studying its medicinal
properties for some time. For this specific article, they noticed that gellan gum is a natural biomaterial that
shows promise for tissue engineering. So, saying this, gellan gum has the medicinal properties, not Elodea.




Summary

e Elodea has a bacteria that grows on it that could possibly be medicinal called
gellan gum

e Elodea is not antimicrobial since so many bacterias grow on the plant

e When we looked at the bacteria with immersion oil under the microscope and
gathered that the plant is gram negative



Bacelar AH, Silva-Correia J , Oliveira JM, Reis RL . Recent progress in gellan gum hydrogels provided by
functionalization strategies. J Mater Chem B. 2016 Oct 7;4(37):6164-6174. doi: 10.1039/c6tb01488g. Epub 2016
Aug 15. PMID: 32263628. https://pubmed.nchi.nim.nih.gov/32263628/

Lee, S. Y., Ahn, J. Y., Kim, M., Sekhon, S. S,, Cho, S. J., Kim, Y. C., & Kim, Y. H. (2017). Phenotypic and proteomic
analysis of positively regulated gellan biosynthesis pathway in Sphingomonas elodea. Animal cells and systems,
212),115-123. https://doi.org/10.1080/19768354.2017.1290618

Osmatek, T., Froelich, A., & Tasarek, S. (2014). Application of gellan gum in pharmacy and medicine. /nfernational
Journal of pharmaceutics, 466(1-2), 328-340. https://doi.org/10.1016/j.ijpharm.2014.03.038
https://pubmed.ncbi.nlm.nih.gov/24657571/

Pal, D. K. (2006, April 1). Little known uses of common agquatic plant, Hydrilla verticillata (Linn. f) Rayle .
http://nopr.niscpr.res.in/handle/123456789/1948



https://pubmed.ncbi.nlm.nih.gov/32263628/
https://doi.org/10.1080/19768354.2017.1290678
https://doi.org/10.1016/j.ijpharm.2014.03.038
https://pubmed.ncbi.nlm.nih.gov/24657577/

Division of work

Peer-review paper #1

/=

Peer-review paper #2

 F—

Peer-review paper #3

 F—

Peer-review paper #4

==

Title slide
—

Slide 2 - Basic Info on Plant
—

Slide 3 - Summarize Results of Plant Microbiome
Research (plant stamp, bacteria conc., gram
stain)

—

Slide 4 - Review of Medicinal Properties of Plant
| I—

Slide 5 - Review of Medicinal Properties of Plant
| I—

Slide 6 - Review of Medicinal Properties of Plant
==

Slide 7 - Review of Medicinal Properties of Plant

Slide 8 - Summary Slide

Slide 9 - List of References
All

Slide 10 - Division of Work
I—



Research Proposal FINAL Instructions

General Biology Lab 1
Drug Discovery Lab Series
Fall 2023

To prepare for your team’s independent investigations, studying the medicinal properties
of your plant extract, you and your team will draft and revise research proposal. In the
proposal, you will propose what experiment you want to conduct next with your plant
extract and how you will conduct it.

The final written research proposal is due after you receive peer and instructor feedback
on your draft. The final research proposal is worth 20 points.

Instructions:

1. Edit the draft research proposal you wrote with your team. If you still need to,
copy and paste the following outline into a new document.

2. Follow the directions listed under each bullet point.

3. After you have added the appropriate information under each bullet point, delete
the directions listed.

Research Proposal:

. Division of Work
A. List what each person in your team is responsible for completing for the
research proposal draft outline. Be equal and fair in this division of work!
1. -Timer, extract making, math, probe guy
2. -Extract making, lab-pro guy,set-up man
3. - First half of proposal writing, timer, extract making
4. - Proposal writing, tube management

Il. Project Title -

A. If you have a couple ideas for a title, list them here!
Lavender impact on Metabolic rate



lll. Purpose
A. To see if lavender has any effect on metabolic rate. Lavender has
been used as an essential oil and in general in calming so this could
potentially show if it impacts breathing and digestion

IV. Hypothesis
A. Lavender will slow down the metabolic rate of the daphnia

V. Materials and Methods
A. Requirements for the experiment you propose:
1. Organism: Daphnia

2. Testing for:Conductivity levels, which inversely correspond to
the dissolved oxygen levels.

3. Must include at least one control sample (negative or positive
control).
The positive control will have no cork, while the negative control
will.

4. When planning your experiment consider using different types of
bacteria, various time points, different observations of your
organism, concentration of samples, etc.

We will take a look at conductivity levels every 10 minutes for 40
minutes. We will note any dead daphnia.

B. Begin outlining the protocol for your experiment. Review the protocols we
have used in previous experiments. Use these as a starting point.
Materials:

-4 tubes
-4 conductivity probe
-20 daphnia
-Lavender extract
-Fresh water
-Parafilm
Protocol:
1. Sterilize all equipment
2. Put out four tubes
3. Fill up all the tubes halfway with fresh water (7mL).



4. Put 780 uL of lavender extract in one tube, and 980uL of lavender
extract in the other.
5. Add 5 daphnia to a non-lavender extract containing tube. Label this
positive control.
6. Add 5 daphnia to each lavender extract-containing tube. Quickly
cover these with parafilm.
7. Add daphnia to the last, non-lavender containing tube, and then
quickly cover it with parafilm.
8. Every ten minutes for 40 minutes, record the conductivity levels in
each tube using the conductivity probe. Quickly take off the parafilm
and insert the sensor. Measure the conductivity using logger pro,
and then take out the probe and reapply the sensor.
9. Disassemble the setup and put the dead daphnia in the retirement

tank.

C. Your protocol should include two separate sections: (1) list of materials
and (2) procedure steps.

D. In the list of materials, be sure to list the samples you are using, including

any controls and what those are going to be.

VI. Data Analysis
A. How will you record your data? Table? Pictures? Videos?

We will use tables and graphs in order to display our data. Perhaps we will
take a photo of our set up as well.
1. If you are planning to use a table, create one and place it in this
draft outline.

Table One, Conductivity(in us/cm/s) Present in Daphnia-Containing Sealed Tubes

Tube Type Conductivity | Conductivity | Conductivity | Conductivity | Conductivity
at 0 min at 10 min at 20 min at 30 min 40 min

Positive 277.7 278.5 277.7 274.9 273.2

Control

(uncovered

tube)

Negative 277.7 281.3 281.0 2821 282.0

Control(cov




ered tube
with no
extract)

Covered
Lavender
Extract
Tube 780 uL

281.9

284.8

284.5

279.8

279.3

Covered
Lavender
Extract
Tube 980 uL

279.6

280.5

278.9

284.1

275.5

Table Two, Mortality Rates in Each Tube Over a Forty Minute Timespan

Tube Type

Mortality at
0 min

Mortality at
10 min

Mortality at
20 min

Mortality at
30 min

Mortality at
40 min

Positive
Control

0

0

0

0

0

Negative
Control

Lavender
Extract
Tube 100 uL

Lavender
Extract
Tube 200 uL

~Lavender made the daphnia extra sleepy, so sleepy they looked dead~

We will take a picture of our final setup, once everything is put together.

2. If you are planning to take pictures or videos, specifically list what
pictures or videos you plan to take and record.

B. How will you present your data?
1. Explain how you will graph your quantitative data.
a) Consider what kind of graph you are going to use and what
data should be included in the graph.
We are going to use a line graph. The y-axis will have conductivity
levels, while the x-axis will have time in minutes. Four different data sets will be present




on the graph: The conductivity level of both lavender extract-containing tubes, the data
for the positive control, and the data for the negative control.

Conductvity Levels of Daphnia-Containing Tubes
Over a 40 Minute Time Span
290

285
280

275 ' ————
270

265
0 min 10 min 20 min 30 min 40 min

Condutivity level (us/cm)

Time in Minutes

e=f== P ositive Control === Neg ative Control

Lavender Extract 780 ulL Lavender Extract 980 ulL

If there are any deaths, we will also have a similar graph, but one that uses mortality
rates instead of conductivity levels. The line with the lowest conductivity levels has the
highest dissolved oxygen content, which means that this line would correspond to a low
metabolic rate. Using this idea, we can interpret all of our data in order to figure out the
effects of lavender on the metabolic rate.

2. Explain how you will show your qualitative data.

a) Are you planning to present a table? Can the table be made
into a chart? Can you create a figure that includes all the
pictures you have taken?

We don’t have much qualitative data to show. In any case, the qualitative data is not as
important as the quantitative data. But we will have a mortality table to record any
daphnia deaths. This will tell us if lavender is toxic to daphnia, or if their metabolism is
speed up/slow down to an unhealthy level.

C. What samples and/or controls will you compare to make a conclusion
about your experiment?
We will compare our extract containing samples to our non-extract containing negative
control by seeing if the conductivity levels in the extract-containing sample decreases



faster or slower than the negative control. This will tell us the effects of lavender on
metabolic rate. The positive control is there to give us a baseline as to the “normal”
dissolved oxygen content within the water in order to give us an idea of how much our
extract decreased from this baseline compared to our negative control.






Basic Information on Lavender

e Lavandula angustifolia, commonly known as
lavender, is an herb recognisable by its distinctive
fragrance and its purple hue.

e |t has historically been used since ancient Greek,
Egyptian, and Roman times and was believed to
purify the body and mind

e Inthe modern day, itis currently used in several

essential oils and herbal medicines.

o Thisincludes:
o Insomnia,
o alopecia,
o  Anxiety,
O
O

Stress
postoperative pain.



Medicinal Properties Of Lavender Wﬂ.

e Lavender or Lavandula belonging to the Lamiaceae (mints) family, is one of the most commonly researched
medicinal herbs.

e Various studies certainly indicate the antimicrobial property of lavender mainly due to its chemical composition.
(The main constituents of lavender are linalool, linalyl acetate, 1,8-cineole, B-ocimene, terpinen-4-ol, and
camphor.)

e Anti-inflammatory and Antinociceptive Properties The lavender essential oil shows a significant
anti-inflammatory effect. Lavender oil has been used in dermatitis and eczema.

e Toxicity may accompany the use of marketable essential oils. Factors involved may be product management,
ingredients, excessive use or inappropriate use, sensitization/anaphylaxis, and lack of scientific evidence. It is
wise to know the adverse effects along with their uses. Some of the studies have shown additional side effects
of lavender essential oils like contact dermatitis, acute eczema, and facial dermatitis allergic reaction.




Methods & Results: Antimicrobial properties

Bacteria sample shape Gram status species

Reference Sample: A Rod + Bacillus
megaterium or
Bacillus cereus

Vasillas - Escherichia coli
(E. Coli)

Unknown strain Rod + n/a
from plant sample

Unknown Pt.2 Circular - n/a




Methods: Toxicity

4 solutions were labeled with

20ul plant extract

100ul plant extract

Positive control (Neem Qil)
Negative control (Methanol)

10 brine shrimp were transferred into jars and incrementally observed to

Observe if the rate of movement and mortality
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Results: Toxicity
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Methods: Stimulatory properties

8 1.7 microcentrifuge tubes total tubes were needed.

4 1.7 microcentrifuge tubes tubes per pair

Each tube is either positive control negative control or plant extract
8 Daphinna

4 Daphinna per group

2 Daphinna in the control positive and negative 2 in the plant extract

Use a microscope under 40x lens to watch their BPM for 15 second periods then multiplying that by 4



Results: Stimulatory properties

*BPM = beats per minute (heart rate)

Methanol Plant Extract
Daphnia 1 | Daphnia 2 | Daphnia 1 | Daphnia 2
15 sec count 84 64 25 31
Count 1
15 sec count x 4 (BPM) | 336 256 100 124
15 sec count 78 64 30 29
Count 2
15 sec count x 4 (BPM) | 312 256 120 116
15 sec count 72 61 23 24
Count 3
15 sec count x 4 (BPM) | 288 244 94 96
Average heart rate (BPM) | 312 252 105 112




Results: Stimulatory properties Continued

Table 2. Average heart rate of Daphnia in methanol.

Condition: Methanol
Daphnia 1 Daphnia 2 Daphnia 3* Daphnia 4*
Average heart | 141 207 312 252
rate (BPM)
from Table 1
Average heart | 227

rate (BPM) of
both Daphnia

Table 3. Average heart rate of Daphnia in plant extract.

Condition: Plant Extract
Daphnia 1 Daphnia 2 Daphnia 3* Daphnia 4*
Average heart | 209 dead 105 112
rate (BPM)
from Table 1
Average heart | 107

rate (BPM) of
both Daphnia




Type of Assay

Results: Stimulatory properties Continued

The Average Heart Rate of Daphnia Placed in Two
Different Assays

Lavender Plant Extract

0 50 100 150 200 250
Average Heart Rate(BPM)

Average Heart Rate(BPM)
(=3 = N N w w
S 8 8 8 8 8 8

o

Average Heart Rate

Daphnia 1
(Menthol)

Daphnia 2
(Menthol)

Daphnia3 Daphnia4 Daphnial
(Menthol)  (Menthol) (Lavender)

Type of Assay

Daphnia 2
(Lavender)

Daphnia 3
(Lavender)

Daphnia 4
(Lavender)



Methods & Results: Independent experiment

The Relationship Between Dissolved Oxygen and

Conductivity(Morosanu et al)

Dissolved Oxygen (mg/L)
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Our Independent Experiment




Our Results

Conductvity Levels of Daphnia-Containing Tubes Conductvity Levels of Daphnia-Containing Tubes
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Our More Digestible
Results

Negative Control

R*=0.6782
y=0.94x+278
1 2 3 4 5

Time in Minutes

286

®

Leveb,
8 8

Nity
®

~Conductivi
>

270

Conductivity Level

286
284
282
280
278
276
274
272
270

Lavender Extract 780 ulL

y =-1.02x + 285.12
R*=0.3969

2 3 4 5
Time in Minutes

Lavender Extract 980 uL

R?=0.0553

y=-0.46x + 281.1

Timegm Minutes



A Surprise
The overnight
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Future Directions

BMR Measuring
Chamber ‘

milwaukee

Dissolved O2 Meter



Conclusion

Lavender does have antimicrobial properties and should be able to be used for medicine.
Research states lavender has great use for anti-inflammatory, and anxiety by slowing down
heart rates. Our testing did now show these specific findings so more testing would be
needed.



Reflections slide

-—Enjoyed the disc diffusion assay. Thought that the micropipette was the most useful
item from the lab. Otherwise, learning about all the ways lavender can be used is fun.

Enjoyed Brine Shrimp Toxicity Assay. Thought micropipette was the most useful from the lab.
Learning about Lavender was challenging but fun when completed.

- | enjoyed the gram staining and data analysis. | thought it was really interesting seeing all of our agar
plates coming to fruition. Furthermore, being able to study and understand them under a microscope.

- My favorite was Bacterial Sensitivity Assay. Micropipette was most important.
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GoldenRod

Scientific Name- Solidago
Common Name- Goldenrod

Goldenrod has bunches of small, bright yellow flowers on a tall green stem.

Goldenrod blooms normally in the summer months of the year and is normally
found around North America.

Goldenrod produces nectar in warm
PP \weather and when it is moist. Animals such as
bees, wasps, and butterflies used goldenrod
when it produces its nectar.




Medicinal Properties

e Urological agent

(@) K| d n ey an d b | a d d er | nﬂ amm at|0 N Table 2 Mean diameter of inhibition zones (mm) where bacterial growth was inhibited by plant extracts.
Mean inhibition zone diameter®
o e g Gram-negative organisms Gram-positive organisms
o U ro | Ith Ia S I S Plant Species Portion® E. coli (Pl No.336) S. typhimurium (Pl No.381) S. aureus (Pl No.4651) S. lactis (Pl No.525)
. Haudenosaunee medicinal plants
e Infections . millfoliam FL S 88 Y .
R H. pilosella FL ——— —— 81 —
e Anti-inflammatory v - - o -
ST _ 9.1 _— —_
e Gastrointestinal ailments and diseases
I. pandurata FL e _ 73 _
Lv 102 1.1 158 12:3;
S. canadensis Lv ——— ——— 93 _

Plants with no known medicinal use by Haudenosaunee

S. virginica Lv _ _ 79 _
H. matronalis ST _ 1.1 e s oww
R. multifiora FL 9.0 8.1 _ —_
Lv 76 _ - P
Ampicillin (10 mg/mL) 350 296 379 332
Water _ —_— SN S
O ? Values represent the mean of three replicates; the pooled SD of all means = 0.60 mm.

®10 pL of each extract (100 mg/mL fresh water extraction) was used for each plant portion; FL, LV, and ST denote flowers, leaves, and stems, respectively.

o 6 0 0 O
o 6 0 0 O O
Ayiana Martin ee oo o0



Medicinal Properties

e anti-fungal
o M. fruticola

o P.expansum

O Monilinia fructicola B3 Botrytis cinerea B Aspergillus niger [0 Penicillium expansum
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Figure 1. Antifungal activity of Solidago canadensis essential oil (EO). Bars with different letters for each
tested fungi indicate mean values significantly different at p < 0.05 according to Tukey B test between
S. canadensis EO and Azoxystrobin. Data are expressed as mean + SDs (standard deviations).



Medicinal Properties

e Anti- bacterial
o P.fluorescens

o C. michiganensis

40 [ Solidago Tetracyclin
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N
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a
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Figure 2. Antibacterial activity of S. canadensis EO. Bars with different letters for each tested bacterium
indicate mean values significantly different at p < 0.05 according to Tukey B test between S. canadensis
EO and Tetracyclin. Data are expressed as mean =+ SDs.
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Kirby-Bauer Method

- Also known as disc
diffusion assay

- Most commonly
used bacterial
sensitivity assay




Disk Diffusion Assay Protocol

- 4 types of bacteria (100ul per of each per plate)
- Plates divided into 4 quadrants

S. aureus B. cereus



Results!

R . tvrcoy |
N :

B. cereus

P. aurigenosia S. aureus



S. aureus

Sample Avg. Diameter
(mm)
Goldenrod 11.5
extract
Thyme Oil (+) 48
Methanol (-) 10

Diameter (mm) of Zones of Inhibition Against S. aureus

Diameter (mm)

50

40

30

20

10

Plant extract

Thyme oil (pos control)

Sample

Methanol (neg control)



P. auriegenosa

Diameter (mm) of Zones of Inhibition Against P. auriegenosa

10
Sample Avg. Diameter g
(mm)
E 6
Goldenrod 0 £
extract g
g 4
Thyme Oil (+) 10 °
2
Methanol (-) 0
0
Plant extract Thyme oil (pos control) Methanol (neg control)
Sample

O



E. coli

Sample Avg. Diameter
(mm)
Goldenrod 0
extract
Thyme Oil (+) 38
Methanol (-) 0

Diameter (mm) of Zones of Inhibition Against E. coli

Diameter (mm)

40

30

20

10

Plant extract

Thyme oil (pos control)

Sample

Methanol (neg control)



B. cereus

Sample Avg. Diameter
(mm)
Goldenrod 0
extract
Thyme Oil (+) 35
Methanol (-) 0

Diameter (mm) of Zones of Inhibition Against B. cereus

Diameter (mm)

40

30

20

10

Plant extract

Thyme oil (pos control)

Sample

Methanol (neg control)



Toxicity
Assay

Methods and Results

_________________________________




Toxicity Properties

We tested Brine Shrimp activity after being put in our GoldenRod extract and other controls to test how many would die
and how long they would live.
o GoldenRod extract (20ul)

o  GoldenRod extract (100ul)
o  Neem Oil (positive control)
o  Methanol (negative control)

We put Ten Brine shrimp in each of our four extracts
We would check in on the Brine shrimp at certain intervals to check up on their movements and if they were still alive
o 0 minutes (right as they entered the extracts)

o 20 minutes
o 40 minutes
o 60 minutes

When checking in out the bring shrimp we would take into the account of how the were moving in the extracts. This
chart is what we used to describe their activity.
o 0-nomovement

o 1 -slow movement
o 2-medium fast movement
o 3 -fast movement

O



GoldenRod assay sample
100 ul at 0 min.

Toxicity Results

GoldenRod assay sample
100 ul at 20 min.

GoldenRod assay sample
100 ul at 40 min.

GoldenRod assay sample
100 ul at 60 min.



Toxicity Results

® As we watched the Brine Shrimp at
each interval and recorded the
activity in the substance

O

In the Positive control the
start out all at a frequently
moving pace, but as time
goes on there movement
died down

In the Negative control
and the plant extracts they
all kept moving the whole
time at a similar pace

0 min 20 min 40 min 60 min
[Golden 3- fast 3- fast 3- fast 2- medium
Rod] extract | movements | movements | movement | fast
(20ul) movement
[Golden 2 medium 2 medium |2 medium 3 fast
Rod] extract | fast fast fast movements
(100ul) movements | movements | movements
Positive 2- medium [ 0-1-slow/no | 0-1-slow/no | 0-1-slow/no
control fast movements | movements [ movements
(neem oil) | movements
Negative All alive. 3 | 3- fast 2-medium 3- fast
control -fast movement | fast movement,
(methanol movement movement [ spinning




Toxicity Results

Based on the results be see that there is little to no toxicity of
GoldenRod to the brine shrimp

® The positive control killed the Brine Shrimp like it was supposed

t
® The negative control kept them alive like it was supposed to.
(one death due to transportation issues
® The GoldenRod extracts did not kill the Brine shrimp which
means it was not toxic to them

(e}

Mortality of Brine shrimp
In GoldenRod Assay

B negative control [l postive control GoldenRod extract 20 ul [l GoldenRod extract 100ul

20

Minutes

I

40

60

0% 25% 50% 75% 100%

Percent of brine shrimp mortality

0 min 20 min 40 min 60 min
[Golden | Live: 10 |Live: 10 |Live: 10 |[Live: 10
Rod] Dead:0 |Dead:0 |Dead:0 [Dead:0
extract
(20ul)
[Golden |Live: 9 Live: 9 Live: 9 Live: 9
Rod] Dead:1 Dead:1 Dead:1 Dead:1
extract
(100ul)
Positive [ Live: 10 |[Live: 4 Live: 3 Live:1
control Dead:0 Dead:6 Dead:7 Dead:9
(neem
oil)
Negative | Live: 10 [Live: 9 Live: 9 Live: 9
control Dead:0 Dead:1 Dead:1 Dead:1
(methan
ol
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Stimulatory Properties

We predicted that our plant extract would be stimulatory since the brine shrimp from the previous
experiment had jerky and erratic movements.

As a pair we were supposed to study the heart rate of daphnia, as a whole we studied 4 daphnia
total.

2 Daphnia were studied in the presence of our plant extract

Another 2 Daphnia were studied in methanol

O




Count 1

count 2

ount 3

Stimulatory Assay: Table 1- Heart rate

Methanol Plant Extract
Daphnia 1 Daphnia 2 Daphnia 1 Daphnia 2
15 sec count 29 39 38 40
15 sec count x4 | 116 156 152 160
15 sec count 35 36 42 42
15 sec count x4 | 140 144 168 168
15 sec count 35 37 38 41
15 sec count x4 140 148 152 164
Average Heart 132 148 157 164
rate: : : O




Table 2- Average rate of daphnia in

Methanol
Condition: Methanol
Daphnia 1 Daphnia 2 Daphnia 3 Daphnia 4
Average heart 132 148 =200 =201
rate table 1
Average heart =200

of both Daphnia




Table 3: Average Daphnia Heart Rate in
plant extract

Condition:

Plant Extract

Daphnia 1 Daphnia 2 Daphnia 3 Daphnia 4
Average Heart | 157 164 188 208
Rate table 1
Average Heart | =179

rate of both
Daphnia




Stimulatory results

GoldenRod assay (20 ul) vs. HeartRate GoldenRod assay (20ul) vs. HeartRate

179
178 1m

=
& 17
Z1m
8
tin

170 g
T 170 170
&
© 168
g
< 166

control/methonal plant extract control/methonal plant extract
Solution Solution

Both Graphs show how much the heart rate increases when the Daphnia were exposed to plant extract
Our observations match our prediction since it showed signs of an increase in heart rate

Based on our results, Goldenrod shows favorably potential in having stimulating effects, however further

testing would be needed in case we had any potential errors in our experiment

i 0
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" Independent |
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Methods and Results
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Independent Investigations

Methods:

e \We measured the heart rate of Ten total
Daphnia
o Control (methanol- 0% plant
extract)
o 10% plant extract
o 15% plant extract
o 20% plant extract

o 25% plant extract

e We used two Daphnia for each extract

and control

O



Stimulatory Properties

e Based on results we found no correlation between accelerated heart rate

to higher percentages of plant extract
o Our results varied in effect causing both high and low

heart rate.
Total average heart rate (BPM)

150
100
5
1 2 3 4 5

Concentrations (left to right control- 25% extract)

Average Heart Rate (BPM)
o

o
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Conclusion

In conclusion, Goldenrod doesn’t seem to have any toxicity since most of the brine shrimp survived
compared to the other substances. Goldenrod seems to have medicinal properties for antifungal use,
help with inflammation in the kidneys and bladder, infections, and anti inflammatory. Had some medicinal
properties against M. Fruticola (brown rot) and P. expansum (blue mold) in stone fruits. It seems to be a
stimulus since it's heart rate increased slightly when exposed to the extract. In order for us to find out if it
is truly medicinal, and its purpose we would have to conduct more experiments.

O




Future directions

- Prevention of
> fungal growth




Reflection
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Introduction to Micropollutants

® Organic chemicals are the main concern

O PPCPs, Pharmaceuticals, Pesticides
O Low concentrations, but long-term exposure
® Researchers are determining which pollutants are of the highest

» Jde

[Frotucton }-» [Diibuton |-» [tizatonAppication
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p——
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*
= Drinking Water
Drinking/Tap Water Treatment Plant

concern

Yun Yang, 2021



Introduction to Acetaminophen as a
Micropollutant 0

HNJk

® One of the most common OTC painkiller
® Excreted into water sources after consumption in native and
metabolized forms
OH

® Presentin ppt/ppm, but, intermediates can be harmful
o0  Depends on environment OH

o Hydroquinone and benzoquinone = toxic
® Drinking water and food can allow for these toxic metabolites to Organic Structure

of Acetaminophen
reenter the body

Hoang Nhat Phong Vo, 2019
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Research Question

B

Big Picture

Target medicine as a
pollutant in wastewater
can pose issues to not
only humans but other
plants and animals in the
environment

0

0

Goal

Determine the effects of
the medicine on different
organisms in order to
study and determine
what effects are positive
vs negative, and how our
research can work to
combat micropollution

2

len
Importance

Previous research shows
potential toxic effects,
more research can
contribute to
determining these effects
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Overall Research Approach

Week 3 Week 4 Week 5 Week 9

Daphnia Exposure Yeast Exposure Duckweed Darkling Beetle

Exposure Exposure

Observe effects of
heart rate

Observe cell count

Observe qualitative
and cell survival and quantitative data

such as color and

Observe morphology
and survival data

v




Ol Daphnla

Experiment & Results




&\ Previously Researched Data

Experiment tests many aspects of Daphnia

O Not heart rate
e Daphnia growth is not adversely affected by ibuprofen

O Body surface area increases, with a spike at 12-14 days and 80mg.

Population growth rate is adversely affected
o Asibuprofen concentration increases, growth rate decreased
e Daphnia reproduction rates were adversely affected.
o The amount of juveniles present decreased significantly as time went on,
until there were none
o As ibuprofen concentration increases, reproduction rate decreases

(Heckman 2007)




52 Purpose and Process

Prepare serial Collect 5 Daphnia (1
= B dilutions of l . control, 4 pollutant) and
Zg § acetaminophen ‘ label microcentrifuge
= ¥ usingal:10 ratio tubes with pollutant

concentration

Purpose: to determine Transfer 1 Daphnia to

the stimulatory or a tube and let rest for Adc:lZSOliltof
sedative effects of 3 minutes then RO ”h i‘”b 0
acetaminophen on transfer to concave «— e
: slide and observe And 20041 of
Daphnia heart rate ; water to
under microscope
control

(repeat forall 5
Daphnia)

Observe under 40x. Repeat countin
Count number of ; -

\: 5
‘ O heart beats in 15 sec q‘ for a;:?:?:;z:: and
Ad S mulFlply o .LEt —» V Calculate average
~4=. Daphnia rest again :
. BPM for each trial
and do a second trial




Daphnia Average Heart Rate at Different Concentrations of Acetaminophen

Condition Heart Rate
(mg/L) (bpm)
100 166 Y
10 162 R
1 220 “
:’5_\ 0.1 244
IR\ 146

Condition (mg/L)

e==Heart Rate

Data (Pics & Graphs)



Conclusions & Error

® Conclusion: as the concentration of
acetaminophen increases, the heart rate
decreases. The control was an outlier.

® Error: damaging of Daphnia in transfer could
affect heart rate.







Previous Research/ Studies

There have been many different studies completed on yeast. Yeast is such a great source to
study because it's easy to take care of, reproduces fast, and cheaper. Yeast research has been
done on a variety of different topics/experiments.

One specific experiment was whether caffeine had an affect on cell concentration

Results
e The caffeine negatively affected cell concentration
e As more caffeine was added the less cells there were present (Hu 2017)




Purpose and Procedure

Conduct an experiment on yeast using acetaminophen observing and monitoring cell count and
living cell count

“_ Prepare test tubes

Za irst tube has 200 mg/L (stock
solution) Dillute 1,000 ul Into two
other tubes and vortex from stock
solution

o

Add 2.5 mL of yeast cells to
each concentration creating a
1:2 ratio

Yeast

Place all tubes In the
cubator at 30 degr
Exposure b vhe e o
d another h fter that
Aftel hour take yeast out
of Incubator and pipet 100 ul
of each mple take a picture

using software
Repeat for hour 2

Using fiji software count how many total
cells and then dead cells for each
sample add to table
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Data

Table 1. Cell Concentration Over

Time Following
medicine/metabolite Exposure

Time Average Cell
Condition | point | Total Cell | Total Cell Total | Concentration
(h) Count Count Cell (cells/mL)
16-square set #1 | 16-square set #2 COU nt
200 mg/L 1 24 13 18.5 185,000
medicine or
(stock)
20 mg/L 1 19 12 15.5 155,000
medicine or
2 mg/L 1 15 13 14 140,000
medicine or
1 15 16 15.5 155,000
Control
2 22 12 17 170,000




Data
continued

Table 2. Proportion of
living cells over time
Following
medicine/metabolite

Time Average | Percentage Living
Condition | point | Living Cell | Living Cell | Living | Cells (divide averagg{"
(h) Count Count Cell living cell count by the 2/,
16-square set #1 | 16-square set #2 Count average cell count in \L
Table 1)
200 mg/L 1 19 8 13.5 72.9%
medicine or
(stock)
20 mg/L 1 19 12 15.5 100%
medicine or
2 mg/L 1 15 13 14 100%
medicine or
metabolite 2 25 9 17 100%
1 15 16 15.5 100%
Control
2 22 12 17 100%




Graphs

Cell Concentration (mg/L)

g~
<

Total Cell Concentration vs Time

0 mg/L

2 mg/L 20mg/L
Concentration of Acetaminophen (cells/mL)

o] —)

200 mg/L

120
100
80
60

% Alive

40

20

% Alive vs Time

>

0mgl 2mgl 20mg/L 200 mg/L
Concentration of Acetaminophen (cells/mL)



Errors and Conclusion

ERRORS:
Transferring Yeast

Using Fiji software incorrectly
Using unsterile lab equipment
Not putting yeast back in the incubator immediately after using them

Conclusion: As the concentration of acetaminophen increases, less yeast cells are alive. Although
there is not an obvious set pattern between cell concentration and acetaminophen
concentration



&

Conclusions
@ Daphnia %g Yeast

As the concentration of As the concentration of
acetaminophen increases, the acetaminophen increases, less
average heart rate of Daphnia yeast cells are alive. There is

decreases not an obvious pattern

between cell concentration
and acetaminophen
concentration

Overall

Overall, its seems as if
acetaminophen has adverse
effects on the organisms that
we have experiments with so
far




Future Directions

There are many future steps for our research on
acetaminophen

® Complete duckweed experiment
Start and Complete Beatle experiment
Our independent experiment/research
Final poster

environment?
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Seton Hill

UNITVERSITY

« Brine Shrimp are any of several small crustaceans, and they play important roles in saline aquatic and * The results of this study reveal that ...
marine ecosystems.’ * Our hypothesis was correct and the effects of Ibuprofen on brine shrimp are negative.
* Brine shrimp are used in the lab due to their simplicity, cheapness, and convenience.’ * The effect Ibuprofen had on brine shrimp was slowing down their activity.
» Newly-hatched brine shrimp, are strongly attracted to white light or sunlight. Some experiments use light « Higher concentrations of IB slowed down the brine shrimp more than lower concentrations.

to move newly-hatched brine shrimp from the chambers they are hatched in.’  Some brine shrimp showed no movement at all.

* Brine Shrimp movements being inhibited by IB will affect them getting a source of food.
* This shows how micropollutants, specifically painkillers affect biological systems in a
negative way

 Hypothesis: If the brine shrimp are exposed to IB then they will move
more slowly to the light (even though they are attracted to light) because
the IB will slow their movement.

Figure 1: Picture showing steps of brine shrimp procedure. More ibuprofen= the longer it will take the brine shrimp to In an experiment brine shrimp were determined to be
move towards the light particularly useful animals for observations and
¢ 7 ransfer 1,000uL of stockto TmglL Figure 3: The Average Time it Took for the Brine Shrimp to Move Towards the Light experiments on feeding®
renrepeatiih ofher tubes e It is easy to observe the brine
shrimp feeding on algae
e Future experiment: Observe if
their rate of feeding on algae is

Average Time for Brine Shrimp Movement

80

Stock 1mg/L 10mg/L 100mg/L

Solution  Dilution  Dilution Dilution

Using graduated cylinder, add Stock ~ 1mg/L 10mg/L 150mg/L
*|_abel conical tubes 1mg/L,10mg/L a9 mi. of salt water tothad test Solution Dilution Dilution  ny4ion

10Gme/L andistock tubes 80 slowed when exposed to different .
o concentrations of ibuprofen. ‘
40
R T ‘D LW, According to research brine shrimp were more strongly
Use a wide mouth transfer ipette to collect : | | 20 attracted to blue light, and less to other colors (red and
e e L brin st rstans g et et green)’
e epone . e As sunlight travels through water, red

0 mg/L 1 mg/L 10 mg/L 100 mg/L and yellow light are absorbed, leaving

Figure 2: Picture showing labeled conical tubes with brine shrimp with the Concentrations of Ibuprofen (mg/L) only blue and green to be transmitted.

control group (0 mg/L IB), 1 mg/L of ibuprofen, 10 mg/L of ibuprofen, and the _ | | . .
stock group (100 mg/L IB) Figure 4: Percentage of Brine Shrimp that Moved e Brine shrimp have evolved to be most

Percentage of Brine Shrimp that moved for Trial 1 and Trial 2 sensitive to blue Ilght’ the color of Ilght
== Omg/L == 1mg/L 10 mg/L == 100 mg/L that’s best transmitted in water.

Average time (seconds)

100% e Future experiment. Determine whether brine shrimp
exposed to different concentrations of ibuprofen favor
different colors of light.

75%

c0o References:
1.

Zhang, Y., Mu, J., Han, J., & Gu, X. (2012). An improved brine shrimp larvae lethality microwell test method. Toxicology Mechanisms &
Methods, 22(1), 23-30. https://doi-org.setonhill.idm.oclc.org/10.3109/15376516.2011.583297
2. Dockery, M. (2000). Investigating the feeding behaviour of brine shrimps. Journal of Biological Education (Society of Biology), 34(4),
o 211. https://doi.org/10.1080/00219266.2000.9655720
25% 3. Plankton Rainbow: Biology & Perception Science Activity | Exploratorium Teacher Institute Project.” Plankton Rainbow Shine Some
Light on Brine Shrimp Behavior., Exploratorium, 2024, www.exploratorium.edu/snacks/plankton-rainbow.
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Percentage of Brine Shrimp that moved

Trials 1 and 2
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The Effect on Growth & Behavior When Given a Choice of
Ibuprofen food versus a Control Food

I . D o

Introduction

Results

The purpose of this experiment is to determine if the darkling beetles (Tenebrio
molitor)(Phylogenomics of Darkling Beetles (Coleoptera: Tenebrionidae) From the
Atacama Desert, 2023) prefer the ibuprofen water crystals or the control
(uncontaminated) water crystals. Ibuprofen is nonsteroidal anti-inflammatory
drug that you can find at any drug store (Ibuprofen, 2023).Ibuprofen is a micro
pollutant that can get into soil and water ways. Furthermore, is ibuprofen
beneficial or toxic to the darkling beetles when in there food source and living
environment?

- The objective is to measure the mass of both the ibuprofen and control
water crystals to determine which one the darkling beetles are drinking
more. In finding what the darkling beetles drank more of the date will also
be used to determine if it slowed down the natural predator response of the
beetles and if it would show a decrease in the beetles development.

This helps us infer how ibuprofen can affect other terrestrial organisms and
ecosystems over time.

Our previous experiment on Darkling beetles has led us to conclude that the
ibuprofen increased the recovery time of the larvae shown in figure 1 and did
not have a significant effect on the mass in all stages of life. The control masses
were slightly higher for both the larvae and the adult beetles on day 21 shown in
figure 2.

Our hypothesis created from our previous research and studies is: The darkling
beetles will prefer the control water crystals over the ibuprofen water crystals.

Recovery Time (Seconds)

The mass of the control and ibuprofen groups over a

21

Mass (Grams)

Figure 1.

Average Recovery Time for a Control Group and an

Ibuprofen Group of Larvae Over a 21 Day Period.

12

17 18 19 20 21

Time (Days)

- Control =¢= Ibuprofen

Figure 2.

day period

0.2

0.15
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0.1

0.05
o Control (Pupae)
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0 5
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— Ibuprofen (Adult)
Ibuprofen (Larvae) — Control (Pupae)
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Methods

Figure 3. Flowchart of The Construction of The Enclosures
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In order to account for evaporation, the data of each group was run through the following
equation for both the Week 1 data set and the Week 2 Data set:

(Initial Mass — Final Mass)
1-— —
Initial Mass

) = Estimated amount consumed by beetles

Ibuprofen Consumed and Control Consumed vs. Average
Change in Larvae Mass

30
G
®
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S
»
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o
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B B Consumed

Day 7 (0.03g average change in

mass)

Figure 5: Average amounts of

ibuprofen water consumed vs

the average amount of
control water consumed on
day O, day 7, and day 14 for
Adults

Control Consumed

Figure 4: Average amounts of

ibuprofen water consumed vs

the average amount of control

water consumed on day O, day
7, and day 14 for Larvae.

mass)

Day 14 (0.075g average change in

Ibuprofen Consumed and Control Consumed vs. Average
Change in Adult Beetle Mass
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Figure 6: Average weights of both larvae and adults measured on day O, day 7, and day 14.

Discussion

"

( WEIGHT )

.

G’ observing the changes in averag}

weight of the beetles, we were able to
determine if prolonged exposure to

ibuprofen choice effected the growth

of the beetles.

/

C LARVAE ) ADULTS) ( DAY 7

\ @ average weight o&

The average weight of the
larvae increased over
time, as observed in
previous experiments as
they prepare to pupate.
Therefore, ibuprofen
choice has no observed

bearing on the growth of

k the larvae.

/ \ of the adults. j

adult beetles decreased
across the two weeks as the
beetles came to the end of
their life cycle. This was alsq
in accordance with previous
findings, meaning that the

ibuprofen choice had no
impact on the development

( BEHAVIOR )

ﬂbservation of the beetles behavior
over time allowed us to measure if

the ibuprofen choice had an effect on
\the reaction time of the larvae in

response to stimulus.

ﬂhe average times

recorded for the larvae
to recover after the
stimulus increased in
comparison to day O.
This would suggest that
ibuprofen choice leads

to a longer anti-predator

K reaction time.

DAY 14

The average times recorded
for the recovery time after
the stimulus increased from
the comparison to day 0
and day 7. This agreed with
our hypothesis and our
number showed that the

\ @average amounD

larvae picked the ibuprofen

food. /

A
C CHOICE )

The main focus of this expeirment was
to determine if the beetles had a
preference towards ibuprofen water
crystals or those made with just
distilled water.

( LARVAE

) G

(he average amount)

consumption showed that
the Ibuprofen food was
more consumed because
the average consumption
of it was greater than the

consumption showed
that the Ibuprofen food
was more consumed
because the average
consumption of it was
greater than the control

\_ A,

Figure 7: Average Recovery Time for larvae measured on day O, day 7, and day 14.
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Future Directions

Future Directions/ Directions

e Perform another lab on choice of food with different concentrations of the
ibuprofen to identify what amount of concentration changes the beetles choice in
food and predator survival reaction.

e The data collected from the experiment showed a slight increase in the mass of
the larvae and the beetle. Reaction time to a predator was increased and took
longer than what we originally expected and this can be affected by the choice of
ibuprofen being picked over control food. The data collected showed that the
beetles and larvae drank and chose the water crystals with ibuprofen in it over the
control group of water crystals. Evaporation was calculated and this showed that
the beetles picked the ibuprofen over the control. The data can be concluded that
ibuprofen is a micropollutant and can affect the development and predator

survival instincts of the beetles if found in their food and habitat.
e Make sure in lab when weighing the masses of the boats that each weigh boat has

the same amount of weight of food in each boat.
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Student Example: Weekly Experimental Review #2 -
Daphnia

Student responses to questions are shown in purple font. This is the first time students are
evaluating their results and making conclusions in the General Biology | course sequence.
The example Weekly Experimental Review #4 is from the same student to show learning
progression. These assighments are delivered in the quiz format in Canvas as an alternative
to traditional lab reports.

Question 1

Summarize and describe the results of your Daphnia experiment. Be detailed. Comment
on your positive and/or negative controls, and compare your exposed samples to these
controls. Write your answer in paragraph form with complete sentences.

We determined that our results supported our hypothesis that the heart rate of Daphnia
magna will decrease with increasing concentration of Acetaminophen. We saw a strong
correlation between all of the Daphnia Magna in the various concentrations. The
negative control was the concentration that was given O mg/L Acetaminophen. This
gathered the heart rate of the Daphnia magna when it was in normal living water
conditions. The other concentrations were 0.1, 1, 10, 100 mg/L. The 100 mg/L had the
lowest heart rate.

Question 2

Upload an image of your graph that describe your results from this experiment. Make
sure your graph has a title, axis titles, and shows the AVERAGE data from each sample
(controls and exposed).
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Question 3

Explain the conclusions you can draw from the results described above. Write your
answer in paragraph form with complete sentences.

Keep in mind the following:

e Conclusions should be supported by an explanation of what was observed in
the results.
o Ex. “We can conclude that a variety of bacteria was isolated from
our basil leaves due to the diverse bacteria colony morphology
observed on the stamp plates.”

e Make sure your purpose and conclusions correspond to each other
o Ex. If the purpose is to determine toxicity, then the conclusion of
your experiment should include something about toxicity.

e Make sure your conclusions are set up like the following:
o [Based on results, we can conclude ]

Based on the heart rate results, we can conclude that as the concentration (mg/L) of
Acetaminophen increased, the heart rate decreased based on examining the hearts of the
Daphnia magnas through the microscopes. The purpose of this experiment was to
examine the relationship between heart rate to concentration of Acetaminophen, which



was successfully performed because we saw a strong correlation between the two
variables.

Question 4

List and explain any sources of error in your experiment. Write your answer in paragraph
form with complete sentences.

Think beyond human error (ex. counting errors). Think about your experimental set up,
how data was collected, how data was analyzed, your controls, etc & how they could
lead to errors in your experimental results and the conclusions drawn from them.

A source of error in this experiment is adding in the acetaminophen solutions. There is

uncertainty with the micropipette. For example, when 1000 microliters were added to

the original test tube, there was an uncertainty of + 1, which would create uncertainty

within the measurements for the concentration of the solution along with the dilutions
that were made from the stock solution leading to unreliable concentrations. Only two
trials were performed, to create more evidence, more trials should be performed along
with testing more than 5 Daphnia's to reduce unreliability.

Question 5
Describe the future directions (aka “Next Steps”) of your experiment. Write your answer
in paragraph form with complete sentences.

What other experiments could be done or how could this experiment be changed to
further investigate the experimental question? Do not simply state that the same
experiment will be repeated.

To future research this experiment, we could examine how different organisms react to
increasing Acetaminophen concentrations. Also, experimenting with other drugs, such as
aspirin or melatonin, would be beneficial to see which drugs or medications affect the
heart rates of species.

Question 6



Create a hypothesis diagram for the NEXT experiment we are doing in lab. Review the
protocol first so you know what we are doing. The hypothesis diagrams should include
information about the experiments being done and YOUR hypotheses of the results. See
ﬂowchart examples and recommendatlons here.

Yeast Cells
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https://shu.instructure.com/courses/25010/pages/gf2da5aa72da222fac709a707abc14f4a

Student Example: Weekly Experimental Review #4 -
Duckweed

Student responses to questions are shown in purple font.

Question 1

Summarize and describe the results of your Duckweed experiment. Be detailed.
Comment on your positive and/or negative controls, and compare your exposed samples
to these controls. Write your answer in paragraph form with complete sentences.

After 7 days of duckweed exposure to acetaminophen, the size of the frond length
decreased in the 1 mg/L, 10 mg/L, and 100 mg/L solution of duckweed exposure to
acetaminophen. The various concentrations of acetaminophen solutions decreased the
frond length of the duckweed while the frond length of the negative control group
increased. As shown in the graph, the higher the concentration of the acetaminophen,
the more the frond length decreased. This shows that in the highest concentration,
100mg/L of acetaminophen, there is a clear decrease in the frond length of the
duckweed. Additionally, the number of total fronds increased after 7 days for the 3
concentrations. Compared to the control, the 100mg/L solution increased the frond
count at a greater rate. Furthermore, the solution in the 100mg/L concentration turned a
dark brown color.

After 14 days, the size of the frond length increased. This differs from day 7 analysis
because from day zero to seven, the frond length decreased. There is a clear effect of
acetaminophen on the duckweed because the various concentrations of acetaminophen
solutions decreased the frond length of the duckweed after 7 days but increased the
length after 14 days. As shown in the graph, the higher the concentration of the
acetaminophen from day 7-14, the more the frond length increased except for the 100
mg/L solution. This shows that with higher concentrations of acetaminophen, there is a
clear correlation that it increases the frond length after 7 days of exposure at a greater
rate except for 100 mg/L. Additionally, the number of total fronds increased after 14
days for the 3 concentrations. Compared to the control, the 100mg/L solution increased
the frond count at a greater rate.



Question 2
Upload an image of your graph that describe your results from this experiment. Make
sure your graph has a title, axis titles, and shows the AVERAGE data from each sample

(controls and exposed).

Total Frond Count v.s. Time (Days)
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Question 3

Explain the conclusions you can draw from the results described above. Write your
answer in paragraph form with complete sentences.

Keep in mind the following:

e Conclusions should be supported by an explanation of what was observed in
the results.
o Ex. “We can conclude that a variety of bacteria was isolated from
our basil leaves due to the diverse bacteria colony morphology
observed on the stamp plates.”

e Make sure your purpose and conclusions correspond to each other
o Ex. If the purpose is to determine toxicity, then the conclusion of
your experiment should include something about toxicity.

e Make sure your conclusions are set up like the following:
o [Based on ____results, we can conclude ____|]

Based on the 14-day duckweed exposure to acetaminophen decrease in frond length
and increase in frond count in the four concentrations, we can conclude that the
toxicity of acetaminophen positively affects the growth and negative survival of
duckweed. There is a clear toxic effect of acetaminophen on the duckweed because
the various concentrations of acetaminophen solutions decreased the frond length of
the duckweed when compared to the control group. As shown in the graph, the
higher the concentration of the acetaminophen, the more the frond length decreased



from day O to 14. Also shown in the graph, the higher the concentration of the
acetaminophen from day 7-14, the frond length increased except for the 100 mg/L
solution. Furthermore, the solution in the 100mg/L concentration turned a dark
brown color.

This shows that with lower concentrations of acetaminophen present after day 7,

there is a clear correlation that it increases the frond length but still decreases the
frond length from day O to 14. The frond count stayed consistent in regards to the
overall increase of the frond count when compared to the control group.

These results indicate that acetaminophen can affect the growth and survival of
other aquatic plants that live in similar environments as duckweed. A consequence of
acetaminophen exposure can cause environmental changes in duckweed where the
natural selection of the duckweed that can survive in the presence of acetaminophen
can lead to new species. Another consequence could be if the species could not
evolve to the environmental change, then there would be no food for organisms that
survive off of duckweed. This could cause a huge affect on organisms in the
ecosystem because it could cause unexpected changes in the amount of duckweed
present.

Question 4

List and explain any sources of error in your experiment. What caused them? Do these
errors render your results meaningless? Write your answer in paragraph form with
complete sentences.

Think beyond human error (ex. counting errors). Think about your experimental set up,
how data was collected, how data was analyzed, your controls, etc & how they could
lead to errors in your experimental results and the conclusions drawn from them.

A source of error in the experiment includes not sterilizing the tweezers to obtain the
duckweed each time. A contaminant can come from the surface of the table where the
tweezers were placed or if a group member’s fingers touched the tweezers and then
obtained the duckweed without sterilization. It could have introduced unexpected
variables into the experiment. This could have caused the higher concentration of
duckweed to turn the solution brown because there was a contaminant present. A way
to reduce this source of error is to have a sanitizing station where the tweets to obtain
the duckweed stay sterile and new gloves must be worn by every individual who obtains
the duckweed each time. Acetaminophen can degrade over time, especially in light so it
may be a source of error in the experiment and could have caused unexplained changes
in the frond survival and reproduction. Another source of error could have been
sampling bias where randomly there were more healthy duckweed present in a sample
than in another sample. This could lead to errors in the experimental results and cause
the survival and reproduction to increase at a greater rate than a sample that happened
to have slightly weaker or smaller duckweed.



A time-related source of error may be present if the experiment was conducted for too
long or too little. This may have affected the results because there was a clear decrease
in frond length after 7 days of exposure but after 14 days, there was an increase in frond
length from 7-14 days. Even though there was an overall decrease in frond length, there
was an increase from day 7 to day 14. This may have been due to a time-related error.
Another source of error was the small sample size. This may have skewed the results
because the whole experiment was based on the control groups. If the control groups
contained duckweed that was either healthier than the other groups, then the data
would have been different and different from other groups because there would have
been results that looked like the acetaminophen affected the duckweed, when it was the
duckweed itself. To fix this error, you would need a much larger sample size to reduce
uncertainty to be able to draw accurate conclusions.

Question 5

Create a hypothesis diagram for the NEXT experiment we are doing in lab, the beetle
exposure study. Review the protocol first so you know what we are doing. The
hypothesis diagrams should include information about the experiments being done and
YOUR hypotheses of the results. See flowchart examples and recommendations here.


https://shu.instructure.com/courses/25010/pages/example-method-flowcharts

Behavior Test of Darkling Beetles

Antipredator Behavior Test - single Larvae

Recovery Time (s) vs. Larvae Type

Recovery Time (s)

Control Acetaminophen

Larvae Type

Hypothesis: The acetaminophen larvae will have a
longer recovery time than the control larvae.

' Choice Test - Adult Beetle (1)
"'- Choice Test

20

B Control Crystals [l Acetaminophen Crystals

# of Times Chosen

Control Beetle Acetaminophen Beetle

Type of Beetle

Hypothesis: The beetle exposed to the medicine will choose the
control water crystals every time. The beetle exposed to control
will go towards the acetaminophen water crystals every time.



Question 6

Create a diagram illustrating the methods for the beetle exposure study set-up

completed during the lab before spring break. See flowchart examples and

recommendations here.

2 Enclosed
Containers:
Each has 55g of
dry oats

Question 7

Beetle Exposure Study Set-Up

Sample Preparation

Add Scoop of
Normal Water
Crystals to one
container
(CONTROL)

Add Scoop of
Acetaminophen
Water Crystals
to other
container.

Add two adult
beetles and
four larvae to
each container.

Collect Data:
Weigh the mass
of the adults
and the mass of
the larvae (Day
0)

After the beetle exposure study, you will be designing and carrying out an independent,
follow-up experiment as a group. In a sentence or two, describe an idea for this
experiment. Be sure to include which model organism you would like to study. The

options are:
-Daphnia

-Yeast
-Duckweed
-Darkling Beetles
-Brine Shrimp


https://shu.instructure.com/courses/25010/pages/example-method-flowcharts

-Plants (lettuce, beans, or peas)

Our independent, follow-up experiment is determining how increasing the exposure time
from 3 mins to 10 mins of acetaminophen affect the heart rate of Daphnia magna.



