
Research Question:
- How would adding various common 

over-the-counter pharmaceuticals 
(acetaminophen, aspirin, bismuth 
subsalicylate, ibuprofen, 
pseudoephedrine) into the plant 
water source affect Phaseolus 
vulgaris Pinto Group (pinto bean) 
growth?

Data Analysis and Results:

Methodology:
- 200 mg of each pharmaceutical was added into 

200 mL of water in separate containers after 
being turned into fine powder

- Towels were soaked in each container and the 
beans were folded inside. Both towels and 
beans were placed inside a plastic ziplock bag

- Beans were watered every four days with 
respective water source

- Growth of plants was measured and recorded 
every week for a duration of four weeks

Interpretation and Conclusion:
- The experiment results only partially 

supported my hypothesis as Group 1, the 
group unaffected by pharmaceuticals, 
did not show the highest growth while 
the pharmaceuticals used to reduce fever 
and relieve pain showed the least 
growth.

The Effect of Various Over-the-Counter Pharmaceuticals on 
Phaseolus vulgaris Pinto Group Growth



Pharmaceuticals in the Environment

- The long-term possibly toxic effects of 
pharmaceuticals in the environment and 
non-target species is unknown

- Oral contraceptive medicine like estrogen 
hormones have caused feminization in male 
fish1

- Selective serotonin reuptake inhibitors were 
found to increase aggression in crayfish2

- Diclofenac, a nonsteroidal anti-inflammatory 
drug, was found to be toxic to vultures3

- Antibiotics in the environment have made 
certain bacteria more resistant to its effects4
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The Science Behind Pharmaceuticals

- Pharmaceuticals are purposely designed to have a biological and 
pharmaceutical effect on biological organisms at therapeutic concentrations5 
although little research had been done to study the chronic effects on 
non-target organisms.

- Chemical structures vary between different groups of pharmaceuticals, which 
may lead to differing effects on the environment6.

- Pharmaceuticals are classified as persistent due to the constant stream 
entering the environment and have also been found to be bioaccumulative7.



Research Question and Hypothesis

Question: How would adding various common over-the-counter pharmaceuticals 
(acetaminophen, aspirin, bismuth subsalicylate, ibuprofen, pseudoephedrine) into the 
plant water source affect Phaseolus vulgaris Pinto Group (pinto bean) growth?

Independent Variable: The type of over-the-counter pharmaceutical the pinto bean 
plant was exposed to (acetaminophen, aspirin, bismuth subsalicylate, ibuprofen, 
pseudoephedrine)

Dependent variable: Weekly growth of pinto bean plants in centimeters

Hypothesis: The group of plants with a water source not exposed to pharmaceuticals 
would grow better and have better vitality than those exposed to pharmaceuticals, 
especially the groups associated with pain-relieving/fever-reducing medicine (Group 3 - 
acetaminophen, Group 4 - aspirin, Group 5 - ibuprofen).



Investigative Procedure

- 200 mg of each pharmaceutical was 
added into 200 mL of water in 
separate containers after being 
turned into fine powder

- Towels were soaked in each 
container and the beans were 
folded inside. Both towels and 
beans were placed inside a plastic 
ziplock bag

- Beans were watered every four 
days with respective water source

- Growth of plants was measured and 
recorded every week for a duration 
of four weeks
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Graph 1: Final Length of Individual Pinto Bean Plants

From this graph, Bean 2.3 (Pseudoephedrine) grew the most while Bean 3.3 (Acetaminophen), Bean 4.4 
(Aspirin), Bean 5.1 (Ibuprofen), and Bean 5.5 (Ibuprofen) did not grow or died off before the end of the 
experiment. Group 1 (Unaffected) and Group 2 (Pseudoephedrine) showed the most consistent length over 
the beans tested. Please note that Bean 6.1 (Bismuth subsalicylate) split into two individual plants in Week 
2.



Graph 2: Average Growth of Individual Pinto Bean Plants

From this graph, Bean 2.3 (Pseudoephedrine) had the highest average growth over the four week period 
while Bean 3.3 (Acetaminophen), Bean 4.4 (Aspirin), Bean 5.1 (Ibuprofen), and Bean 5.5 (Ibuprofen) has 
an average growth of zero or of a negative number. Group 1 (Unaffected) and Group 2 (Pseudoephedrine) 
showed the most consistent growth over the beans tested. Please note that Bean 6.1 (Bismuth 
subsalicylate) split into two individual plants in Week 2.



Group 3: Average Growth by Pinto Bean Plant Group

From this graph, Group 2 (Pseudoephedrine) showed the highest average growth over the four week 
period followed by Group 6 (Bismuth subsalicylate), Group 1 (Unaffected), Group 4 (Aspirin), and Group 
5 (Ibuprofen) while Group 3 (Acetaminophen) showed the least average growth.



Group 4: Average Length by Pinto Bean Plant Group

From this graph, Group 2 (Pseudoephedrine) showed the highest average length over the four week period 
followed by Group 6 (Bismuth subsalicylate), Group 1 (Unaffected), Group 4 (Aspirin), and Group 5 
(Ibuprofen) while Group 3 (Acetaminophen) showed the least average length.



Data Analysis

Possible errors include:

● Certain pharmaceuticals such as acetaminophen and pseudoephedrine 
contained red dyes for color while other pharmaceuticals didn’t.

● The root systems of the pinto bean plants were difficult to disentangle from 
the towel and the process may have caused damage to certain plants.

● The beans were sold with the intent to be consumed instead of grown.



Interpretation and Conclusion

- The experiment results only partially supported my hypothesis as Group 1, the 
group unaffected by pharmaceuticals, did not show the highest growth while the 
pharmaceuticals used to reduce fever and relieve pain showed the least growth.

- Although Group 1 (Unaffected) fell behind Group 2 (Pseudoephedrine) and Group 
6 (Bismuth subsalicylate) in growth, it showed the least damage (i.e. plants 
yellowing or falling off, roots being stained black, growing mold, blackening and 
shrivelling up, etc.).

- Due to the lack of available research present on the effects of pharmaceuticals on 
non-target species, especially plants, it’s difficult to pinpoint the exact reason as to 
why pseudoephedrine (brand name: Sudafed) allowed double to triple the growth 
seen in other groups while also experiencing dying leaves in the last week of the 
experiment in contrast do the general health of the unaffected plants.

- It can be concluded that the pharmaceuticals used in this experiment did have a 
negative impact on the growth and health on the pinto beans, especially the longer 
the experiment carried on.



Real World Applications

Due to the growing use of pharmaceuticals, pharmaceutical pollution, and the 
lack of education among the general public on proper pharmaceutical disposal, 
research studying the effects of pharmaceuticals both on aquatic and terrestrial 
environment grows more and more critical every passing day. Although it’s 
almost impossible to stimulate a complex real-world environment in an 
experiment, experimental research showing the negative impacts of 
pharmaceuticals on non-target species is still crucial as it brings more awareness 
to the problem, both to the public and those who participate in manufacturing and 
distributing pharmaceuticals. In the future, further research may be able to assist 
us in stopping pharmaceutical and personal care products (PPCP) population and 
detect the problem before it’s too late.
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