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Abstract

In toxicology and medicine, it's understand that excessive pharmaceutical use poses a concern to

human health although it's unknown if the same effects could be applied to non-human

organisms. Due to the increasing presence of pharmaceuticals in the environment, it becomes

increasingly critical to study the potentially negative effects of pharmaceuticals on the

environment and non-target species. There has been a general lack of research regarding the

impacts of pharmaceuticals on non-target species overall, specifically terrestrial flora, and there

isn't a certain conclusion if being exposed to pharmaceuticals proves detrimental to species in

which it wasn't intended for. In this experiment, various over-the-counter pharmaceuticals were

added to the water source of Phaseolus vulgaris Pinto Group (commonly known as pinto beans)

to gauge what kind of impact would be had on the growth. Five groups of pinto beans were

germinated and grown in towels exposed to acetaminophen, aspirin, bismuth subsalicylate,

ibuprofen, and pseudoephedrine along with an unaffected control group for a period of four

weeks, and the resulting lengths of the pinto beans were measured. This research could be an

incentive to further study the possible negative impacts of pharmaceuticals on the environment

and in turn to help protect the environment.

Keywords: exoticology, medicine, non-target species, pharmaceuticals
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Introduction

Despite the growing availability and production of pharmaceuticals and personal care

products (PPCPs) on the market, the effects of such products on the environment are largely

unknown, having been overshadowed by agrochemicals and pesticides. The demand for PPCPs

will only increase in the future due to new clinical practices, new medicines, an aging population

in certain areas of the world, increased human lifespan, and economic growth in developing

countries. Small-scale tests have been conducted by studying a chemical’s effect on a single

species, but it is difficult to predict what the impact could be regarding complex communities

with a plentitude of interconnected organisms although pharmaceutical residues in the natural

environment have not been proved to have any toxic effects on organisms and it is unknown if

PPCPs pose a threat to humans or wildlife. Nevertheless, there are possible risks for non-target

species exposed to PPCPs, possible risks of unnoticed, cumulative change in these species that

could be brushed off as other causes instead of being mitigated. PPCPs have persistent properties

to them due to the constant stream entering the environment and multiple exposure routes, which

also adds into the possibility to be bioaccumulative in organisms. This said, research in this niche

of ecotoxicology and medicine will be able to bridge our lack of understanding when it comes to

pharmaceuticals and personal care products in the natural environment.

First of all, how do pharmaceuticals enter the environment? Noteworthy contributors are

human excretion and municipal wastewater treatment plants, hospital and pharmacy waste,

landfill leaching, antibiotics used in confined animal-feeding operations (CAFOs) and

pharmaceuticals used in pets, low-cost pharmaceutical manufacturing plants in developing

countries, and agriculture. “The use of antibiotics in livestock is projected to increase by 67% by
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2020 in developing countries” (Nyaga et al. 5), and “[a]nimals and humans excrete 30% to 90%

of oral pharmaceuticals… via urine and feces” (Nyaga et al. 5). Patients uneducated in proper

medication disposal also contribute significantly to the problem of PPCPs in the environment as

the individual’s and household’s pharmaceutical is more difficult to control legally compared to

hospitals and manufacturers. Generally, the public is unaware of proper methods, and misuse and

overuse of prescription drugs in the environment aid in the accumulation of pharmaceutical

waste. Consumers often “get rid of left-over and outdated pills and liquid pharmaceuticals by

pouring them into the toilet” (Kümmerer 6) along with disposal through the trash bin, which adds

to landfill leaching, and the sink. For example, a take-back event in the San Francisco Bay Area

in California “found that 45% of unused/expired medicines were flushed down the toilet, and

28% were disposed directly into the trash” (Kreisberg 3). It is “estimate[d] that orphaned

medications… alone account for as many as 19.7 tons of APIs disposed into U.S. sewage

systems annually” (Kümmerer 6).

Next, negative effects on non-target species have been observed in the environment.

Improperly disposed antibiotics and disinfectants/antiseptics were discovered to increase

bacterial resistance in bacteria like vancomycin as “[c]ertain bacteria isolated from wild geese

near Chicago, Illinois were reported [to] be resistant to ampicillin, tetracycline, penicillin, and

erythromycin” (Kreisberg 6). Bacterial resistance is defined by WHO as “the capacity of bacteria

to reproduce or grow in the presence of a drug, which, under normal conditions, causes the death

or stops the growth of that specific bacterial line” (Kot-Wasik 10). Antibiotics and antifungals in

aquatic environments also reduce growth of aquatic plants like artemia, Daphnia, and algae,

which is also threatened by sulfamethoxazole and ibuprofen. Also, PPCPs damage the soil,
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making it unable to support plant growth and resulting in phototoxic effects in plants. For

example, amoxicillin was found to affect root growth in carrots and lettuce while diclofenac, a

nonsteroidal anti-inflammatory drug, “reduced viability in [h]orseradish by 65%” (Nyaga et al.

14). It was discovered that compounds containing hormones like estrogen often end up in the

sewage in significant concentrations and ended up causing female sexual characteristics in male

fish and endocrine disruption. In addition, analgesics “have caused reduced hatching and organ

damage in fish” (Nyaga et al. 13). Beyond bacteria and aquatic organisms, diclofenac in

livestock carcasses has reduced old world vulture populations when ingested as vultures are

“quite sensitive to the drug and only 1 mg causes acute kidney failure and death… Between 2000

and 2003, high annual adult and subadult mortality (5-86%) of the oriental white-backed vulture

occurred, and resulting population declines (34-95%) were associated with renal failure and

visceral gout” (Kümmerer 8). Behavioral drugs like antidepressants and obsessive-compulsive

regulators were also found to have changes in the behavior of certain organisms. Selective

serotonin reuptake inhibitors (SSRIs) were discovered to increase aggressive behaviors in

lobsters, and fluoxetine “enhances the release of ovary-stimulating hormones in crayfish”

(Kreisberg 7). Humans aren’t immune to the problem of PPCPs circulating around the

environment either. Municipal wastewater treatment plants often are unequipped to process

PPCPs out of wastewater as trace amounts of opioids have been discovered in water supply

systems and have been reported to only “[remove] 9 out of 118 pharmaceuticals at 95%

efficiency” (Nyaga 6).

Lastly, the way PPCPs are designed is an obstacle hard to overcome in the environment.

“Pharmaceuticals are biologically and pharmaceutically active, and they are purposely designed
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to have a biological effect at therapeutic concentrations” (Kot-Wasik et al. 2) since all related

compounds produce some sort of biological and pharmacological activity even at low

concentrations or low usage, especially endocrine-active pharmaceuticals. Also, “chemical

structures of molecules within the same group can be very different and result in varying

environmental fates” (Kümmerer 4), another threat to the environment as it is difficult to predict

what outcomes different pharmaceuticals have on the environment. Pharmaceuticals go under

structural change in human and animal bodies before being excreted and result in metabolites

although the change is rarely completed. They are also slow to degrade, and the rate at which

they are entering the environment succeeds the rate at which they degrade. Certain types of large

scale improper disposal like incinerating pharmaceuticals at low temperatures produce toxic

emissions and ashes that allow for the transfer of diseases to humans.

Although our current situation seems difficult to reverse, research advancement, the

spreading of awareness in the scientific community and the development of green pharmacy will

potentially aid us in slowing the flow of PPCPs entering the environment and reducing the

negative effects. “Green pharmacy includes the design of pharmaceutical products and processes

that eliminate or reduce significantly the use and generation of hazardous substances and the

prevention and/or reduction of environmental safety and health impacts at the source”

(Kümmerer 11). Most importantly, the effects of PPCPs can be mitigated by spreading the

awareness of the issue to the public, healthcare, and private companies and increasing research in

ecotoxicology. Countries such as Germany, France, Sweden, and the Netherlands have already

begun approaching the issue of environmental pharmaceutical waste as pharmaceutical use

increases due to an aging population. Through educating prescriptors and distributors like
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doctors and pharmacists and other stakeholders on proper pharmaceutical disposal and urging

them to pass this knowledge down to consumers and patients, awareness of the issue will branch

out.
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Procedures

Materials

1. Acetaminophen (Tylenol Extra Strength Caplets - a common analgesic and antipyretic)

was one of the five pharmaceuticals that was added into the pinto bean plant water

source.

2. An apron was worn while handling the contaminated substances and items to provide

proper protection.

3. Aspirin (Bayer Low Dose Aspirin 81 mg - a common salicylate) was one of the five

pharmaceuticals that was added into the pinto bean plant water source.

4. Bismuth subsalicylate (Pepto-Bismol Chewable Tablets - a common antacid) was one of

the five pharmaceuticals that was added into the pinto bean plant water source.

5. Gloves were worn while handling the contaminated substances and items to provide

proper protection.

6. Goggles were worn while handling the contaminated substances and items to provide

proper protection.

7. A graduated cylinder was used to measure water.

8. Ibuprofen (Advil Tablets/Caplets - a common non-steroidal anti-inflammatory drug) was

one of the five pharmaceuticals that was added into the pinto bean plant water source.

9. A lab coat was worn while handling the contaminated substances and items to provide

proper protection.

10. A mask was worn while handling the contaminated substances and items to provide

proper protection.
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11. A mortar and pestle was used to ground up the medicine tablets to be mixed into the

plant’s water source.

12. Paper towels was used to wrap around the pinto beans as a constant source of moisture.

13. Pinto beans were used as the plants for detecting plant growth when pharmaceuticals are

added to the water source; five beans were used in the control group while the other

twenty-five were divided equally among the five OTC drugs.

14. Plastic bags were used to contain the beans for the duration of the experiment.

15. Pseudoephedrine (Pseudoephedrine Hydrochloride 120 mg - 12 Hour Extended-Release

Tablets - a common nasal decongestant) was one of the five pharmaceuticals that will be

added into the pinto bean plant water source.

16. A scale was used to measure the amount of tablet powder to add to the pinto bean plant

water source.

17. Sealable containers were used to soak the pinto beans overnight to speed up the process

of germination, to mix and store the OTC drugs and water, and to store the contaminated

items.

18. A Sharpie was used for labeling the containers and plastic bags.

19. A ruler was used to measure pinto bean plant growth in centimeters.

20. Water was used to water the pinto bean plants.
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Method

1. A risk assessment form was completed and filled out with the following information:

risks and hazards involving this experiment; all hazardous chemicals, activities, or

devices; the safety precautions and procedures that reduce the risks; the disposal

procedures; and sources of safety information.

2. All safety gear was worn while interacting with the substances and plants.

3. All thirty pinto beans and 40 mL of water were added into a beaker for 8 hours overnight

from the times 11:00 pm to 7:00 am.

4. All thirty pinto beans were removed from the beaker and put on a towel to be put on the

side.

5. Six separate containers were labeled “Unaffected,” “Pseudoephedrine,”

“Acetaminophen,” “Aspirin,” “Ibuprofen,” and “Bismuth Subsalicylate.”

6. 1 tablet of each OTC drug was separately ground to a fine powder using a mortar and

pestle.

7. 200 mL of water was added to the container labeled “Unaffected.”

8. 200 mg of pseudoephedrine was added to the container labeled “Pseudoephedrine.”

9. 200 mL of water was added to the container labeled “Pseudoephedrine” and was stirred

until the powder completely dissolved.

10. Steps 7-8 were repeated for acetaminophen, aspirin, ibuprofen, and bismuth subsalicylate

in their respective containers.

11. 6 sheets of paper towel were torn from the roll and soaked separately in each individual

containers.
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12. 5 pinto beans were placed inside each paper towel with equal spacing in between each

pinto bean. Each paper towel was folded over and placed inside a plastic bag. The plastic

bags were respectively labeled “Unaffected,” “Pseudoephedrine,” “Acetaminophen,”

“Aspirin,” “Ibuprofen,” and “Bismuth Subsalicylate.”

13. The plastic bags were sealed shut and placed under an unobstructed east-facing window.

14. The containers containing residues of OTC drugs were sealed shut and placed in a safe

area.

15. Every four days, Step 10 was repeated. The pinto beans were removed from their original

towels and placed inside the new towels according to their label. Step 12-13 were

repeated. All contaminated items not in use including towels were placed in a container

for safe storage, and the container was sealed shut.

16. Every seven days, the pinto bean plants were removed from the plastic bags, and the

stems were measured with a ruler. The length was recorded, and the beans were returned

to the plastic bags.

17. Each time after handling the plants and contaminated materials, the CDC handwashing

protocol was followed

(https://www.cdc.gov/handwashing/when-how-handwashing.html).

18. Once the data was recorded for four weeks, all contaminated items or items that came in

direct contact with the OTC drugs were gathered and properly sealed in containers. All

contaminated items or items that came in direct contact with the OTC drugs were

disposed of following the city’s chemical waste disposal guidelines.
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Results

Graph 1

Final Length of Individual Pinto Bean Plants

Note. 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
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Note. 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.

Graph 3

Average Growth by Pinto Bean Plant Group
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Note. 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.

Graph 4

Average Length by Pinto Bean Plant Group
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Note. 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.
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Discussion 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 brown/black, growing mold, blackening and shriveling up, etc.) at end of

the experiment. In Group 3 (Acetaminophen) and Group 4 (Aspirin), the slowest growing bean

(Plant 3.3 and Plant 4.4) ended up turning black and shriveling up by the fourth week before they

were able to develop leaves or a stem, and in Group 3’s case, caused discoloration to the towel.

The roots in Group 3 also showed discoloration and turned a dark brown/black in certain parts.

Plant 4.4 and Plant 5.1 (Ibuprofen) exhibited growth of mold in Week 3 and Week 4 respectively,

which most likely led to the dye-off of the plant while Plant 5.5 never began germination,

eventually turning slippery and dark brown in color. Group 2 (Pseudoephedrine) and Group 6

(Bismuth subsalicylate) showed the most mild symptoms of damage through yellow leaves.

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 from the data collected, especially the longer

the experiment carried on, although retrials may be needed to see if the same effects can be
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concluded and to look into why Group 2 (Pseudoephedrine) and Group 6 (Bismuth subsalicylate)

prospered by showing an initial spike in growth in Week 1 and Week 2.
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