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Abstract 

This article serves to introduce some of the issues that the pharmacy industry faces regarding sustainable 

practices and how to address them. The industry of pharmacy creates waste and pollution via improper 

drug disposal, medication waste, and operational waste. Thus, it is important for the industry to look 

towards reducing waste and pollution in order to increase sustainability, benefitting both patients and the 

world at large.1, 2  Pharmacy is moving towards a more sustainable future, but balancing the needs of 

patients, legal requirements, economic considerations, and the safety and efficacy of medication poses a 

difficult task. To address many of these needs, policy changes at state and federal levels will need to be 

implemented, but these can take years. Community pharmacists have the ability to make meaningful 

changes now when they interact directly with patients at the counter. Educating patients about the 

importance of appropriate drug use, their options regarding drug-take backs, and paperless methods of 

communication can improve awareness for and address these issues by making adjustments at the 

community level first. Drug waste can be minimized and then disposed of properly. The paper and plastic 

waste inherently part of pharmacy business operations can be reduced. Electronic methods of information 

delivery such as electronic prescribing (e-prescribing) and computerized documentation can be 

implemented. The plastic composing medication stock bottles can be recycled and repurposed.3 Though 

various barriers exist in implementing such changes, these issues can be addressed by pharmacists 

immediately while legislation changes occur in the long run. 
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Introduction 

In healthcare, it is insufficient to focus only on the direct patient treatment aspects. To be proper stewards 

of both our environment and the health of the future, the pharmacy industry must do its part to improve its 

patients’ health in a more sustainable manner. As the front-line of the industry, community pharmacists 

have the ability to make a difference through both actions taken in their daily work and through the 

promotion of change at a regional or even company level. Drug disposal is a major issue that the 

healthcare industry faces. A 2015 paper cites estimates that the hospital and long-term care facilities in 

the nation alone dispose of more than “125 million pounds of pharmaceuticals each year.”4 This estimate 

does not even include the numerous outpatient prescriptions and over-the-counter medications that are 

purchased every year and need disposal.4 Solving this issue requires patient education regarding 

medication use and proper disposal. In addition to significant medication waste, the business of pharmacy 

generates waste as part of typical operations, a significant portion of which is in the form of paper and 

plastic waste.2, 3 Changes to the ways that pharmacies communicate patient education and maintain records 

may go a long way to reducing the operational waste that pharmacies produce. Community pharmacists 

can implement these changes now or suggest changes that can be made in the short-term, making a 

difference in their community while setting an example and advocating for long-term, widespread 

change.  

 

 

 

Patient Education, Drug Disposal, and Medication Waste 

Drugs and metabolites excreted by patients into sewage accounts for most of the pharmaceutical pollution 

in water.5 By educating patients on medication use, pharmacists can help to prevent the medication’s 

inappropriate use, waste, and eventual elimination into bodies of water. Patient education is one of the 

primary jobs that pharmacists perform. Emphasis on medication compliance is a point that is beneficial 

not only to the patient’s medication therapy outcome but can also be beneficial to pharmacy 
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sustainability. There are a variety of reasons for issues with medication adherence which often stem from 

a lack of patient education. Patients starting new medications need to be warned about their side effects so 

that these predictable, and usually manageable, issues are not a barrier to compliance. Drugs such as 

antibiotics may, on the other hand, be left unfinished because the patient is feeling better. Patients need to 

be counseled to finish their regimens to completely cure themselves and to prevent bacterial resistance. 

Finishing their regimens would have the added bonus of decreasing unused medicine. By improving 

compliance, patients will not only get the best use out of their prescriptions, but also fewer prescriptions 

will go unused and need disposal. Good compliance decreases waste and maximizes patient benefit by 

decreasing treatment failure and resultant downstream interventions.  

Educating patients about proper drug disposal for expired or unusable medicines is a vital opportunity that 

pharmacists must improve patient awareness and participation in sustainable environmental practices. In 

reality, it may be difficult for pharmacists to mention disposal practices at every visit in a community 

setting, but adding information about proper drug disposal to patient product information documents may 

be a viable method. Currently, patients need to seek out information on where to dispose of their 

medication - for example on the FDA website - or ask a pharmacist.6 These extra steps might be enough to 

impede someone from taking the actions necessary to properly dispose of their medication. Having the 

information directly handed or electronically delivered to them would ease the burden of having to track 

down their medication on a website just to learn how to dispose of it.  

Medications released into the environment have a variety of documented effects. For example, hormonal 

drugs used in people, such as 17-beta-estradiol,  may have negative effects on the hormone systems of 

wildlife, such as those in fish.1 The United States Environmental Protection Agency (EPA) advises that 

patients utilize drug take back programs such as those sponsored by the DEA to segregate medications 

from regular waste.7 For patients who do not have access to a drug take-back site, the FDA and EPA 

provide guidance on proper disposal of medications on their websites. Such information may not be 

readily available on patient information documents given at pharmacies. Including either disposal 
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instructions specific to the medication dispensed or instructions to find such resources on patient 

information may be a step towards decreasing the amount of medication entering the environment.  

The Drug Enforcement Administration conducts annual National Prescription Drug Take-Back Days.8 

This is a perfect example of something in which pharmacists can play an active role. A simple sign or 

mention of this take-back day could provide an opportunity for patients to safely dispose of unused or 

unneeded medication. Having a list of places where there are drug take-back services would also be 

another way that pharmacists could raise awareness for this issue and provide an easy solution to 

medication disposal. While improper drug disposal is not the primary reason drugs become environmental 

contaminants, proper drug disposal will provide benefits that can help sustainability efforts and 

community safety in the long run.5  

 

Impact of Operational Waste 

Pharmacies are required to keep documents such as immunization records and paper prescriptions stored 

for many years, depending on what type of information they contain. Changing these documents to a 

paperless format could save thousands of tons of paper each year. Pharmacies have increasingly embraced 

paperless routes such as e-prescriptions and digital receipts. Taking this a step further to other 

documentation and patient prescription information could greatly reduce the amount of paper used in 

pharmacies and improve sustainability of pharmacy practice. CVS pharmacy alone used 54,500 tons of 

paper in 2018, some of which could have likely been replaced with paperless alternatives.2 In addition, 

patient prescription information is typically given with every prescription. Once a patient has completed 

using the medication for an acute condition, the patient may see little use with these documents, and they 

often are thrown away. For patients getting refills, these documents may merely serve as additional copies 

and may, again, be thrown away. Even if some of the documents had been recycled, replacing most of the 

paper medication information on the more than 2.9 billion prescriptions generated from office visits in 

2016 would have greatly decreased the impact pharmacies had on paper usage.9 While there are situations 

in pharmacy practice where paper is still essential, such as labeling prescription containers, immediately 
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providing patients with vital information, and providing updates on medications, not every situation 

requires paper use. A patient taking a chronic medication may be familiar with medication information 

documents given to them at each refill, possibly rendering them unnecessary. In such a situation, it may 

be beneficial to offer the patient electronic copies of such information. Though this is not something that 

pharmacists can directly control now, pharmacists can provide feedback to their higher-ups and promote 

sustainable paperless practices.  

In addition to paper waste, pharmacies utilize large volumes of plastic containers to both store and 

dispense medications. Efforts to recycle medication stock bottles can further improve waste reduction. 

Stock bottles are a candidate for recycling services as reflected in a statement by the Association of 

Plastic Recyclers (APR). APR claims pharmacy stock bottles have been identified as “a highly 

marketable, quality stream of high-density polyethylene (HDPE).”3 The organization APR itself has 

considered establishing a Pharmacy Stock Bottle Recycling program similar to its Recycling Grocery 

Rigid Plastics program.3 In addition, attempting to use the smallest dispensing bottle possible for each 

prescription and packaging prescriptions as efficiently as possible can cut down on this waste. Both 

recycling and waste reduction are important to making pharmacy practice more sustainable. 

Barriers Towards Implementation 

Though patient education, recycling, and paperless communication methods are feasible short-term 

options, there are still a few barriers towards implementing these sustainable practices. Some patients 

prefer hard copies or do not have access to the internet or other forms of electronic communication. 

Recycling medication bottles can raise concerns regarding safety, especially if medications previously 

contained were especially potent or toxic. An example is warfarin bottles which contained a blood thinner 

and must be treated as hazardous waste.10 This requires separate disposal due to its potential toxicity. 

Certain medications are of a very high cost, therefore both shelf stability and demand may not warrant 

purchasing such medications in bulk amounts. These issues can be handled by identifying patients and 

medications that may be exempt from overarching sustainable practices and allowing individual patients 

to opt out of electronic documentation. Certain medication bottles may also be exempt from recycling 
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with the usual stock. When purchasing medications in certain container sizes, a pharmacist may exercise 

judgement as to whether it would be more efficient to purchase a bulk or small size container. Through 

careful effort and analysis, the benefits of sustainable practices can be balanced with the benefits of 

existing practice. 

Limitations and Opportunities for Future Study 

Though this article performs its goal of giving ideas and insight into ways that a community pharmacist 

could improve sustainability practices at their site, it has a few limitations. The industry of pharmacy is 

much more than just community pharmacy. It includes both the development and production of 

pharmaceuticals. Pollution from these sources results in detrimental effects on the environment and public 

health. For instance, antimicrobial waste in drug manufacturing was found to be associated with high 

levels of antibiotic-resistant bacteria and fungi in contaminated water at the sites of waste removal.11 

These incidences contribute to a significant amount of pollution by the industry, and are not addressed in 

this paper’s body. In the future, discussion about more immediate ways to deal with issues in 

development and production would be helpful to pursue. Additionally, though the article discusses ways 

that the community pharmacist can make changes to help the community increase its sustainability, some 

of the suggested changes require company-wide policy shifts that may still take a significant amount of 

time to implement, depending on the size of the company and status as an independent or a chain 

pharmacy. In the future, it would be wise to explore long-term changes that could be made in both 

companies and legislatively to enhance the work that community pharmacists can accomplish now. 

 

 

 

Conclusion 

 Though difficult, sustainability in pharmacy is most certainly attainable. Small steps taken by 

pharmacists today can turn into larger steps in the future as pharmacists lobby and advocate for better 

practices. Taking action now during patient interaction can raise awareness for pharmacy’s sustainability 
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issues. This is accomplished by educating patients about proper disposal methods for certain medications 

and the importance of adherence to their medication regimens for both their health and the health of the 

environment. Additionally, applying practices like recycling stock bottles, efficient packaging, and 

digitizing documentation could greatly reduce the bulk of physical waste generated as a result of 

pharmacy operations. The latter changes will have to be suggested to company leadership but are more 

short-term policies that can be implemented without waiting for legislation. Pharmacists are some of the 

most accessible healthcare workers available, and they are among the top three trusted professions.12 This 

unique position gives pharmacists the ability to truly impact the sustainability of the field when they 

perform their role as medication dispensers, experts, and counselors.  
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Abstract: 

Since the discovery of the CFTR gene, researchers have been working to develop a 

gene therapy technique that helps to correct the causative gene in cystic fibrosis patients. Many 

vector delivery systems have been researched. However, even after years of clinical trials, there 

is still no FDA approved cystic fibrosis gene therapy technique. Researchers have found 

difficulty finding a vector system that has maintained high levels of expression over an extended 

period of time. This review investigates the early and current development of vector delivery 

systems, including viral and non-viral vectors, in a comparative study measuring efficiency. 

Currently, lentivirus vectors are a promising viral technique for CF patients, as well as 

nanoparticle delivery systems due to their enhanced gene expression and delivery efficiency. 

While the implementation of a cystic fibrosis gene therapy technique has been more challenging 

than previously expected, new research continues to bring the vector systems closer to reality.  

 

 

 

Keywords: cystic fibrosis, gene therapy, viral vectors, non-viral vectors, CFTR gene 
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Introduction 

 Cystic fibrosis (CF) is a genetic disease caused by a mutation in the transmembrane 

conductance regulator gene, or CFTR. 1 The CFTR gene codes for the CFTR protein, which 

regulates the chloride channel and helps move chloride ions to the cell surface. 2 Without the 

chloride ion at the surface to attract water, mucus in various organs builds up and becomes very 

thick and sticky. 2 In the lungs of people who have CF, bacteria can get stuck in the build-up of 

mucus, which can cause inflammation, infection, and respiratory failure. 2 While current 

treatments help ease the symptoms, there is no cure for cystic fibrosis. Advancements in 

treatments have allowed patients to live a longer life if treatment is distributed early and 

managed consistently. 2  

Recent research, however, may give light to new ways of manipulating the CFTR gene 

through a technique known as gene therapy. Since the DNA sequencing of the causative gene, 

labs have been focusing on gene therapy techniques, specifically ones that transfer a functional 

CFTR gene into defective cells using vectors. 3 Vector carriers are genetically engineered to 

deliver the functional gene to the appropriate cell and, in this case, have the potential to correct 

the fault in CFTR function. 3 Researchers have had a hard time finding a vector that maintains 

high-level and long-term gene expression, large carrying capacity, low immunogenicity, and 

easy production levels. This review article will discuss the new experiments performed 

attempting to correct the CFTR channel defect using viral and non-viral vectors. In doing so, it 

will examine new research on some developing gene therapy techniques that, with further 

research and clinical trials, could eventually be implemented.  
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Viral Vectors 

Most research has been focused on introducing a normal copy of the CFTR into 

lung epithelial cells, which are cells that line the outer surface of organs. Previous 

experiments have shown that expressing the CFTR gene in CF cells can help restore 

proper anion transport in these cells. 4 Since then, several viral vectors have been 

developed to deliver the correct DNA sequence in a CFTR gene. 4 Often, viruses are 

used as vectors because they have the ability to deliver the new gene by infecting the 

cell. 4 Depending on the type of viral vector, they can be inserted in an integrated 

technique or a non-integrated technique.  Adenovirus vectors and adeno-associated 

viruses are non-integrated vector techniques, which means that DNA with the correct 

CFTR gene is inserted into an individual’s cells, but the DNA does not become a part of 

the cell’s genome. 4 The disadvantage of this technique is that it is not permanent. The 

lentivirus is an integrated vector technique, which means that the new copy of the CFTR 

gene would permanently become a part of the cell’s genome. A disadvantage of this 

technique is that researchers have limited control over where this copy integrates into 

the genome. 4 With improved targeting and vector development, this problem could be 

resolved. 

Adenovirus 

Early gene therapy trials incorporated a normal CFTR gene into the DNA of an 

adenovirus vector, a vector which injects its DNA into the nucleus of the cell. This vector 

can successfully express the DNA of a CFTR gene in the cystic fibrosis epithelium using 

in vivo techniques. 5 These adenovirus vectors proved to be impractical, however, due 

to the low efficiency of these viral vectors inserting their DNA into epithelial cells, a 
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robust immune response from the cell, and a low genetic carrying capacity. 5 With a lack 

of DNA transfer, these cells therefore cannot sustain a long duration of gene 

expression. To maintain adequate CFTR expression, the vector would have to be re-

administered to the cells over and over again.  

 

Helper Dependent Adenoviral Vector (HDAds) 

Helper dependent adenoviral vectors are constructed by removing all viral sequences 

from the vector except the packaging signals and small inverted terminal repeats needed for 

DNA transfer. 6 The absence of viral genes creates a system of a larger carrying capacity of 

DNA and allows the HDAd’s to mediate long term expression without the immunogenetic 

effects.6 After development of the adenovirus, researchers acknowledged the challenge of 

efficient DNA transfer in gene based therapies. In one study, they used an HDAd to deliver the 

functional CFTR gene to mouse and pig airway basal cells, cells located on the inner surface, in 

order to achieve long term therapeutic gene expression. 6 Because basal cells have the ability to 

renew themselves, targeting them for gene editing could give rise to permanent airway gene 

expression in cystic fibrosis patients, without the need for administering this therapy multiple 

times. 6 In addition, these vectors had a relatively good safety profile. Another study carefully 

investigated the behavior of the latest generation of helper dependent vectors after delivery.7 

Working with mice, these researchers developed a more advanced HD vector backbone, and 

found that almost no immune response was existent. 7 This study, like the previous one, 

observed prolonged gene expression with the HD vectors. Currently, HDAd’s are being 

administered in different organs to achieve efficient DNA transfer in primates and rodents. 4 

These studies suggest that human gene therapy by delivery of helper-dependent adenoviral 

vectors is feasible. 
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Adeno-Associated Virus (AAV) 

Adeno-associated viral vectors are similar to the features of adenoviruses but are more 

advantageous in that they have the potential to prolong transgene expression and have a 

relatively good safety profile. 8 Efficient expression from recombinant AAV-associated cystic 

fibrosis transmembrane conductance regulator vectors (rAAV-CFTR) became a major finding in 

the 2000’s. 3 Early studies show AAV serotype 2 vectors rapidly gained importance in CF gene 

therapy applications. In one study, a rhesus monkey airway epithelium model was successfully 

used to show persistence of the AAV2 vector up to 3 months after administration. 9 Another 

study that used these monkeys as a model found that average gene transfer increased with 

repeated administration. 10 Because of the small packaging capacity, researchers worked to 

develop a strategy to bypass this limit and achieve high levels of the CFTR gene expression 

from AAV vectors. More recently, rAAV5 vectors have gained attention from researchers. One 

study explained the advantage of using rAAV5: they contain larger promoters regions and an 

alternative capsid for enhancing gene expression in CF epithelial cells.11 The AAV was 

designed with a DNA cassette that contained a special promoter, called a CB promoter, that 

was packaged into a rAAV5 capsid.11 This study demonstrated that these features contributed 

to the correction of the CFTR chloride transport defect in CF mice models.11 It was shown that 

gene expression is maximized by using rAAV5.11 These studies provided the preclinical data 

necessary for the initiation of a clinical trial of rAAV in patients with CF.  

 

Lentivirus 

One of the most recent studies have been done on the lentivirus, another type of viral 

vector, and has become a promising therapeutic option due to a longer term of gene 
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expression, unlike other viral vectors previously mentioned. 3 Lentivirus is a type of retrovirus, a 

virus that contains genes that are encoded in RNA rather than DNA. 12 For the retrovirus to 

infect a cell, it first must be reverse-transcribed back into DNA before the material can be 

copied. One advantage of the lentivirus is the fact that it can persistently express the CFTR 

gene and possibly be readministered without the infected cell growing immunity to the virus, as 

shown by some studies. 12-13 To overcome this immunity, one study attached a compound, 

known as LPC to the lentivirus vector. 12 This allows the vector to open up areas called epithelial 

junctions, which often block access for pathogens to reach the cell receptor for target delivery. 12 

While progress has been made by using mice as animal modules, further advancement has 

been hindered due to the fact that mice do not develop lung disease the same way people with 

cystic fibrosis do. 3 More recent studies have started using pigs as models, as they show more 

similarities in lung disease to humans. 3 In one study, a type of lentivirus, called the feline 

immunodeficiency virus, was delivered to the sinuses and respiratory tract of cystic fibrosis pigs. 

14 Pigs that received the vector were seen to restore partial activity of the anion channel in 

cells.14 Future studies with new animal models are needed to further investigate vector delivery 

systems. In 2017, a group of researchers proposed, through a series of experiments, that a 

lentivirus called rSIV.F/HN was set for a first-in-man clinical trial. 15 These studies as well as 

others have confirmed that that both primate and non-primate vectors are promising gene 

therapy candidates. Based on current research, more studies and clinical trials need to be 

completed in order to implement an effective viral vector therapy for cystic fibrosis patients. 
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Non-Viral Vectors   

As an alternative to viral vectors, some researchers have focused on non-viral vectors 

as a new strategy for CFTR delivery. Non-viral vectors are made from synthetically produced 

biological molecules. 16  In addition, the rapid progress of nanotechnology has enabled the gene 

delivery of these nanosized particles. Typically, with nanoparticle delivery systems, the plasmid 

DNA which carries the gene expression cassette is bound to a synthetic chemical compound 

that is then released at the delivery site. 16 Early studies have shown that non-viral vectors can 

transfer the functional CFTR gene to the CF airway epithelia in vivo and partially correct the 

anion transport defect. 17 Carriers generally contain cationic lipids or cationic polymers because 

they bind with high affinity to the negatively charged DNA. 18 In terms of gene transduction, non-

viral vectors are less efficient, but their availability, cost, and low immunogenicity make them a 

possible long-term solution.  

These vectors are interesting because they have virtually no size restraints, but they are 

not delivered as efficiently as some of the viral vectors. 4 Because of this challenge, these non-

viral carries are most often made from lipid-based plasmids, often a cationic lipid. 3 Most cationic 

lipids used for gene transfer are accompanied by a neutral co-lipid. 18 The cationic lipid is a vital 

component because the positive charge of the lipid interacts and binds to the negatively 

charged DNA. 18 One important study in the early stages of non-viral vector development was to 

understand the mechanisms by which these neutral co-lipids affect cationic lipid gene transfer. 

18 This study found that these co-lipids increased DNA uptake and increased the ability for the 

DNA to dissociate from the lipid complex, two things that contribute to the overall amount of 

gene expression. 18  

An alternative class of non-viral vectors are cationic polymers, which are attractive for 

their chemical diversity and their great potential for function. 16 Two examples of these polymers 

are ploy(l-lysine) (PLL) and polyethylenimine (PEI). PLL has been known to be a rather toxic 
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polymer, so many researchers have created modified variants of it. 16 One example is when 

researchers covered the PLL with a PEG, a hydrophilic polymer which is designed to reduce 

any immune response and therefore increase duration of expression. 19 The clinical potential of 

PEGylated PLL was examined as a vector for CF, and in this study a clinical trial was carried 

out which supports the safety and efficiency of these DNA nanoparticles in nasal epithelial cells. 

19 Another study focuses on the modification of a PEI polymer. 20 The aim was to develop a 

better strategy of cell uptake, efficiency and duration of gene expression, and safer delivery. 

They found that delivery was improved when a PLGA, a copolymer with good biocompatibility 

and a promising candidate for nanoparticulate drug delivery, was added but increased cell 

toxicity. 20 To combat this, researchers further modified the nanoparticles through PEGylation, 

which improved delivery efficiency while also mitigating toxicity. 20 If the low efficiency of gene 

transfer barrier could be overcome, non-viral vectors can be a safe and clinically satisfactory 

option for cystic fibrosis gene therapy.  

 

Conclusion 

While cystic fibrosis is an incurable inherited disease, researchers have come a long 

way to developing effective treatments that have increased the quality and lifetime of diagnosed 

individuals. The field of genetics is progressively learning from the extended research done on 

gene therapy including viral and non-viral vectors and new vectors that can efficiently deliver 

and correct the CFTR channel defect. 5-6, 8, 12-14 Major vector delivery systems are outlined in 

Table 1. The development of a more effective DNA delivery system for genetically altering more 

airway cells, however, is needed if treatment based on gene therapy is to be achieved. The 

lentivirus vectors are a promising viral technique for CF patients, as they are able to integrate 

DNA into the host genome and persistently express the new CFTR copy. As for non-viral vector 

systems, nanoparticle delivery systems are emerging due to their enhanced delivery efficiency. 
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Ideally, a vector should have high transduction efficiency, display a high safety profile which can 

be administrated without any genotoxic effects, and be relatively inexpensive. Therefore, future 

research should focus on improving vector designs and delivery systems, specifically the 

lentivirus vectors and nanoparticle systems, and the medical field will be on its way to creating 

new gene therapeutic techniques for patients with cystic fibrosis, as well as other diseases.  
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ABSTRACT 

 Electric vehicles continue to increase in popularity as society encourages us to reduce 

the pollution in our environment. Since electric vehicles produce no tailpipe emissions, the 

production and decomposition of their components must be analyzed to compare the pollution 

of electric vehicles and internal combustion engines. The differences in the life cycle pollution of 

electric vehicles and internal combustion engine vehicles were quantified. Overall, internal 

combustion engines create from 1.2 - 1.6 times the CO2 that electric battery vehicles create over 

the vehicles’ entire life span. This is considering the vehicles’ production, operation, and 

disposal. This data shows that electric cars are better for the environment, but they still 

contribute to the pollution and are not perfect. With continued research, we will see more eco-

friendly electric vehicles in the future. 
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INTRODUCTION  

Automobiles have contributed to the destruction of our environment, in the form of 

carbon dioxide, since their creation. Emitting carbon dioxide into the environment increases the 

global-mean surface warming 1, and about 20 percent of all CO2 emissions originate from road 

traffic 2. However, internal combustion engine and electric vehicle technology is constantly 

advancing with changes to fuel economy and emissions year by year 3. From just 2005 to 2017, 

the average fuel economy of all vehicles in the United Sates has increased by 5 mpg 3. This 

increase in fuel economy is especially helped by the addition of many electric vehicle models 4. 

Electric vehicles (EV) and plug-in hybrid vehicles (PHEV) have tripled in quantity from 2012 to 

2017 5. Fully electric vehicles produce no tailpipe emissions; however, it must be noted that 

electric vehicles still contribute to the destruction of the environment through the carbon footprint 

generated by their production and disposal. It should be noted that a limitation of this field is the 

depth of research on electric vehicles. While many studies still exist, electric vehicles have not 

been sold in large quantities until recent years. Long-term studies are less prevalent. Following 

trends, electric vehicles will continue to be more common, so the analysis of their environmental 

effects is important. 

This paper will compare the environmental impacts of internal combustion engine 

vehicles and electric vehicles. Specifically, this paper will focus on passenger vehicles as they 

make up over 80% of all light duty, personal vehicles on the road today 3. To examine the 

differences, both types of vehicles’ carbon foot prints will be examined over the vehicles’ entire 

life span. This includes the vehicle’s environmental impact of its production, operation, and 

disposal. 
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INTERNAL COMBUSTION POLLUTION  

Internal combustion engines make up most of the vehicles on the road today because of 

their old, reliable technology. The technology has had countless hours of research to lower 

production costs and efficiency. It is important to note that among internal combustion engines, 

diesel fuel combustion engines produce less emissions than gasoline 5 and both are accounted 

for in all the studies used in this comparison. Biofuel combustion engines are also considered, 

but they make up very little of the automotive population, so they have a small effect on the 

data. 

 

Vehicle Operation Pollution 

The bulk of an internal combustion engine’s air pollution comes from its day-to-day 

operation. Comparing many internal combustion engine mid-sized vehicles, they create, on 

average, 150.4 grams of carbon dioxide equivalent per kilometer (g CO2 eq per kilometer) 6. 

Comparing many SUV class internal combustion engine vehicles, they create, on average, 

269.2 g CO2 eq per kilometer 6. This would mean that a mid-sized car with 100,000 miles 

would’ve produced approximately 24 million g CO2 over its entire operation. A SUV class vehicle 

with 100,000 miles would’ve produced approximately 43 million g CO2 over its entire operation.  

Another study states that a combustion vehicle with 160,000 miles will produce 

approximately 45 metric tons of CO2 over its entire operation which is 45 million g of CO2 7.  

 

Vehicle Production and Decomposition Pollution 

The production and decomposition of the combustion engine itself creates a smaller 

amount of pollution when compared to the carbon dioxide produced from the engine when 
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operating 6. This is because, to create the engine itself, only the metal components must be 

formed and assembled. The metal components themselves are not particularly harmful to the 

environment. Internal combustion engine vehicles require approximately 10 million grams of 

CO2 for their production and decomposition 7.  

 

ELECTRIC BATTERY VEHICLE POLLUTION  

Electric battery vehicles are a relatively new form of transportation. On the market as of 

2017, there were only under twenty new electric vehicle models being produced 3. This number 

can be compared to five years earlier where there was only one third the number of electric 

vehicles being produced 3.  

 

Vehicle Operation Pollution 

The environmental impact of the operation of electric battery vehicles can vary greatly 

because the electricity used to power these vehicles can be sourced from many different types 

of power plants. Nuclear, wind, and hydro plants generate the smallest environmental burden, 

but they only account for a small amount of energy when compared to the large amounts that 

coal and natural gas produce 6. Considering all types of power plant energy, mid-sized electric 

vehicles can create from 73.9 g CO2 eq per kilometer to 131.5 g CO2 eq per kilometer 6. An SUV 

class electric vehicle can produce 119.3 g CO2 eq per kilometer to 196.45 g CO2 eq per 

kilometer 6. This would mean a mid-sized electric battery vehicle with 100,000 miles will have 

produced from 12 million to 21 million g CO2 from its operation on the road and a SUV class will 

have produced from 19 million to 32 million g CO2 from its operation on the road. 
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Another study has determined that electric battery vehicles produce approximately 25 

metric tons of CO2 over their entire operation 7 which is 25 million g of CO2. 

 

Vehicle Production and Decomposition Pollution 

The production and decomposition of electric battery vehicles requires more energy and 

complicated labor 8. In this area, electric vehicles are less eco-friendly than internal combustion 

engines. A lithium ion battery is the most popular battery type used in electric battery vehicles 9. 

This is because the lithium ion battery is low-maintenance, safe, affordable and efficient, 

especially when compared to that of the older technology, ZEBRA batteries 9. ZEBRA uses 

molten salt and nickel for their electrodes and has a complex production procedure when 

compared to lithium ion batteries 1. 

Despite lithium ion batteries being the best battery technology for vehicles, the 

production of these still emits 1.43 times more CO2 than the production of combustion engines 6. 

Lithium ion batteries are not fully decomposed until 8 to 20 years after they are done being used 

7. With a lifetime of only around 10 years 11, the batteries often take longer to decompose than 

they last in the vehicle. An alternative to decomposing batteries is to recycle them. This will 

reduce the overall CO2 footprint, as it removes the need to produce and decompose a whole 

new battery for each vehicle. Recycling is also a better choice because there is not enough 

lithium to meet the future demands of electric battery vehicles 11. 
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COMPARISON  

To summarize, electric battery vehicles produce less CO2 than internal combustion 

vehicles during the operation of the vehicle. However, the production and decomposition of 

electric battery vehicles produces much more CO2 than that of internal combustion vehicles.  

In some cases, a vehicle’s environmental impact cannot be assessed alone by its CO2 

production. This section includes factors that should be considered when analyzing the 

difference between electric vehicles and internal combustion engine vehicles. 

 

Energy Comparison  

One study looks at the differences between two identical vehicles that differ only by their 

engine (one electric and one internal combustion vehicle) 12. The internal combustion engine 

vehicle used approximately 3 times more energy than the electric vehicle 12. The comparison of 

a vehicle’s energy consumption does not directly correlate with CO2 production because the 

energy is produced in different ways. However, this study does show how much more efficient 

electric battery vehicles are than internal combustion vehicles. A different study used a similar 

procedure and determined that internal combustion engine vehicles used 2.7 times more energy 

than electric vehicles 13. 

 

Cost Comparison  

It is also important to note that electric vehicles are much more expensive than internal 

combustion engines 7. This includes production, decomposition and ownership costs. An electric 

battery vehicle is much cheaper to operate than a gas vehicle 7. This is because the fuel prices 

are much more than the electricity costs that are needed to power the vehicle. However, an 
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owner may pay for this difference in power cost initially, as electric vehicles tend to be more 

expensive to purchase when comparing similar power and quality. Repairs to an electric vehicle 

are also more expensive when involved in an accident or collision 14. A reason for this may be, 

as stated earlier, there will not be enough lithium to meet the future demands of these vehicles 

11. In order to push electric battery vehicle technology to more consumers, the initial cost must 

be lowered to create a greater incentive for purchasing. In the long term, battery research will 

put more electric vehicles on the road, improving the air quality and climate on earth.  

 

Other Studies  

Another study conducted shows that the lithium ion battery production, maintenance and 

end of life treatment, of an electric battery vehicle, make up approximately 10 to 15 percent of 

its total environmental burden 9. This category is something that does not exist for an internal 

combustion vehicle. From the study we are able to see that the overall environmental burden of 

internal combustion engine is about 120 to 160 percent of a battery electric vehicle 9. For a 

quantitative comparison between these two types of vehicles, reference (Table 1). As expected, 

electric hybrid vehicles produce approximately 200 g CO2 per kilometer when operating 15. This 

makes sense because it fits right in between the data of the two extremes. 

 

CONCLUSION  

 Overall, electric battery vehicles and internal combustion engine vehicles contribute to 

the harming of the environment. However, they both contribute in different ways. In comparison 

to internal combustion vehicles, electric battery vehicles produce less CO2 during the operation 

of the vehicle, but more CO2 during the production and decomposition of the vehicle. 

Considering all factors together, electric battery vehicles contribute less to harming the 
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environment than internal combustion vehicles. The future of all vehicles is an increase energy 

sustainable technology that is less harmful to the earth. The best way to do so is to increase the 

number of electric vehicles on the road. Research must be done to improve the cost efficiency 

and lessen the environmental burden of the production of lithium ion batteries.  

 

Table 1. Quantitative comparison of CO2 produced from electric batter vehicles and 

internal combustion engine vehicles. 

 

 

*Results were computed based on averages of relatively new vehicles (2010-present) using two sources 

(6,9)  also assuming that each of these vehicles has traveled one hundred thousand miles 6,9. 
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Self-Driving Cars and Ride-Sharing services have quickly become a solution for senior citizens in 

need of transportation to and from doctor appointments, grocery stores, daily errands and visits to 

family and friends. In 2015, it was reported that 27% of ride-sharing service users were older adults 

(Turner-Lee, 2019, p. 91). Therefore, ride-sharing service companies, such as Uber and Lyft, have started 

shifting their business models toward older adults. 

  

However, many senior citizens do not have smartphones or are not comfortable using them. 

Third-party companies, such as GoGoGrandparent, simplify the ordering process by arranging rides on 

Uber and Lyft for elders that call-in, making the process less device-dependent. These services also 

provide features such as handicap accessibility, help getting to and from the door, or "an option to alert 

the rider’s caregiver where their older loved one is going and who their driver is" (RideGuru, 2019, Para. 

10-12). These third party companies are closing the gap between elders that can afford smartphones 

and those who cannot in addition to the gap between elders who know how to use smartphones and 

those who do not. This increases access to healthcare.  

  

Similarly, health care providers are beginning to partner directly with Uber and Lyft to transport 

their patients to and from hospitals, physician practices, individual practitioners, etc. In fact, Lyft is 

estimated to drive 7 million patients to and from medical appointments, where the ride is fully arranged 

and financially covered by the healthcare provider (RideGuru, 2019, Para. 11). This partnering offers a 

solution for elderly patients who cannot afford ride sharing services.  

 

Although ride-sharing services are a step in the right direction, we are left with questions such 

as, "What if Uber or Lyft are not available in someone’s local area?" It is estimated that 15% of elderly 

persons live in rural areas, which presents challenges for delivering healthcare services (McSweeney-

Feld, Molinari, Oetjen, 2017, p. 185). While ride-sharing may be the answer for some areas without 

public transportation, ride-sharing services are typically not offered in rural settings, leaving some 

elderly people without access to healthcare services. Therefore, further innovation is needed to expand 

access. 

  

Moreover, additional research is needed to better understand how these services might improve 

healthcare access overall, such as: 

● How are these resources equipped for patients with intellectual disabilities? 

http://www.gogograndparent.com/
http://www.gogograndparent.com/
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● How can we ensure patient safety on these rides? 

● How can we ensure patient confidentiality in accordance with HIPPA regulations? 

Ride-sharing services are increasing access to healthcare for those without means of transportation. 

While we are left with some unresolved questions, ride-sharing is a foundation to build on. At the rate at 

which ride-sharing technology is advancing, we can only expect the access to healthcare to increase as 

well.  
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For researchers to connect with the public about epidemiological studies, there must be a 

mutual understanding between the scientists and members of the public. Epidemiology is the study 

of the distribution and determinants of health-related states among specified populations. Health-

related states pertain to anything that would affect the well-being of a population including 

determinants such as genetic marker of disease risk. Epidemiological studies can be applied to 

control health problems. This field is multifaceted and must resonate within the community in 

order for it to improve health equity. There are three questions that must be answered about 

epidemiology.  

1. How can we communicate information more efficiently through epidemiological efforts? 

2. If we are to improve technology for the betterment of developing countries through 

public health, what does that look like? 

3. Are social determinants of health the proper way to address health disparities? 

 

Question 1: How can we communicate information more efficiently through epidemiological 

efforts? 

 

 Epidemiology is a field that lies underneath the vast umbrella of public health. Efforts to 

improve communication rely heavily on the way information is delivered. A sense of 

interconnectedness for better outcomes in public health start with how researchers in epidemiology 

methodize complex information for the average reader to understand and comprehend. Systematic 

reviews, which rank lower in evidence-based observational studies, were once used as target 

research questions to assess epidemiological impacts. It was through a scoping review, an 

overview of available research evidence without producing a summarized answer to a discrete 

research question, that provided the five principles which were introduced to deliver visual 

explanations for translational epidemiology. 
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1. Scientific engagement that links impact and methods for which information is relayed. 

2. Using public health as a tool for communication to prioritize relationships within a 

network of researchers. 

3. Education and engagement tools to solidify any gaps in knowledge. 

4. Conducting epidemiological studies through inquiry in order to consider necessary 

interventions for monitoring and evaluation. 

5. Maintaining community involvement to meet any omitted health needs.  

This design could easily be applied to the national pandemic, COVID-19, which started 

earlier this year. Epidemiologists around the world are working to find ways to release public 

health information that fall in line with this methodology. The five-principle method is an 

applicable way of keeping everyone informed and implementing better ways to stay safe. This 

design continues to be used to explain translational epidemiology.  

Source: Michael Windle, Hojoon D Lee, Sarah T Cherng, Catherine R Lesko, Colleen Hanrahan, 

John W Jackson, Mara McAdams-DeMarco, Stephan Ehrhardt, Stefan D Baral, Gypsyamber 

D’Souza, David W Dowdy. From Epidemiologic Knowledge to Improved Health: A Vision for 

Translational Epidemiology, American Journal of Epidemiology.2019 December; Volume 

188(Issue 12): Pages 2049–2060. https://doi.org/10.1093/aje/kwz085 

 

Question 2: If we are to improve technology for the betterment of developing countries through 

public health, what does that look like? 

 

  Effective and sustainable solutions to health-related challenges in developing countries can 

be attributed to the design, development and implementation of technology. By focusing on these 
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methods, gaps in research can be minimized for developing countries. Evaluating the framework 

for this technology requires a focus on mapping, investigating data sources and synthesizing.  

MomConnect was established in South Africa as a Health Platform and was designed to 

match the framework laid out by epidemiologists. It includes three evaluations based on the five 

essential concepts in the framework. The overarching aspects of the technological framework 

included platform care, ecosystem and environmental influence, governance for strategy design, 

management and operation from a health standpoint, along with innovation and feedback. Each 

stage in the three-part evaluation included these measures. The first evaluation was a case study. 

The second evaluation was conducted at the local and international level to review any mistakes. 

Finally, the third evaluation was used as a managerial tool. MomConnect is an essential tool used 

to deliver health-information to pregnant and postpartum women in South Africa. A feedback loop 

was used along with a service to keep in touch with the community of women. This model 

specifically highlighted the need for more technology developed in this fashion. 

Source: Herman, H., Grobbelaar, S.S. & Pistorius, C. The design and development of technology 

platforms in a developing country healthcare context from an ecosystem perspective. BMC Med 

Inform Decis Mak.2020 March 12; Vol 20(55). https://doi.org/10.1186/s12911-020-1028-0 

 

Question 3: Are social determinants of health the proper way to address health disparities? 

  

Minority groups, including Black, Hispanic and Asian ethnic groups experience severe 

health disparities which contribute to health inequality. In order to obtain health equity, there must 

be a way to decrease outlying factors of health disparities present in many communities. It is even 

more important to establish a proper way to address health disparities regardless of the scale. The 

use of social determinants of health through health policy interventions was a suggested route of 
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measure to assess this public health need. Making policy decisions on an evidentiary basis relies 

heavily on social determinants when assessing health disparities. These disparities include 

environmental factors within the household, sexual orientation, socio-economic status, and 

location. On a global scale, these disparities  can be assessed through quality adjusted life-years or 

disability adjusted life-years. Quality adjusted life-years includes the generic measure of disease 

burden within the quality and quantity of life. Disability adjusted life years includes the burden of 

associated disability with a disease or disorder to be measured. These tests use parameters to 

measure the influence of each factor on social determinants. For example, neighborhood quality 

indices measure environmental factors that affect households. From a public health perspective, 

this social determinant would qualify as an evidence-based social indicator for a wide variety of 

disparities within a community. For all intents and purposes, the use of social determinants of 

health is a  proper way to assess health equity.  

Source: Carter-Pokras OD, Offutt-Powell TN, Kaufman JS, Giles WH, Mays VM. Epidemiology, 

policy, and racial/ethnic minority health disparities. Ann Epidemiol. 2012;22(6):446–455. 

doi:10.1016/j.annepidem.2012.04.018 
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Healthcare: Public or Private 
By Emily DeGenova      D.U.Quark Year. Volume 4(Issue 2) pgs. 38-49 

Published June 3, 2020                    Staff Article 

 

The status of the United States health care market has been the source of one of the 

longest ongoing battles amongst the American people. Today, Americans are at odds, and little 

gray area exists within the arguments. Some people hold signs in the streets reading "Medicare 

for All", while others condemn the Affordable Care Act entirely. A popular debate focuses on 

whether "health care is a human right"; however, on each side of the argument, the beliefs are 

rooted far too deeply in culture, religion, politics, etc. Therefore, in order to analyze this topic 

apolitically, one must consider the cost/financing, quality, access, tax structures, and 

investments associated with new procedures/technological advancements in both socialized 

and free market health care systems. This will help decide which health care system is best for 

the United States. 

Cost and Financing of Care: 

In a free market healthcare system, patients battle two types of uncertainties: (1) the 

amount of health care they will need, and (2) receiving the best quality of healthcare for its 

price. This leads consumers to fear the unknown and purchase insurance to cover the cost of 

health care they may need in the future. Due to this cost shielding (i.e. insurance covering 

costs), another problem arises known as "moral hazard". Moral hazard is a term used to 

describe two events resulting in excessive healthcare: (1) patients usually opt to receive more 
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care than they normally would if they had to pay for it out-of-pocket, and (2) health care 

consumers are more likely to engage in risky activities because their healthcare costs are 

covered by insurance. Therefore, health insurance companies devised three ways to incentivize 

patients to demand less care: (1) sharing the cost of insurance (i.e. co-payments, deductibles, 

coinsurance), (2) altering tax incentives related to the purchase of insurance (i.e. Health Savings 

Accounts), and (3) increasing the incentives for the insured to prevent illness (i.e. Value-based 

insurance design) by making preventative cost-sharing cheaper than the latter (i.e. following 

the recommended, preventative, vaccine timelines, versus paying the full-costs of treating the 

contracted virus) [6]. 

However, this creates a problem where private insurers have incentives to deny 

coverage to individuals whose costs are likely to exceed their premium payments and only 

provide coverage to the lowest-risk patients, known as “cream-skimming.” Thus, insurers 

charge extremely high prices to higher-risk patients, leaving the group most in need of health 

care services uninsured [6]. Federal and state governments often step in to help insure high-risk 

patients that cannot afford care, providing insurance for the elderly, chronically ill, poor, and 

disabled [6]. By doing so, it is obvious neither public nor private healthcare systems can operate 

without each other. As private insurance cares for and assumes the risk for patients that can 

afford it, public insurance cares for the patients that cannot.                  

The year 1965 marks a major turning point in U.S. health care. Up to this point, middle class 

working Americans were the only insured group, as private health insurance was the only 

widely available source of payment for health care. This led the elderly, unemployed, and poor 

to rely on their own resources (i.e. limited public programs, or charity from hospitals) [5]. 
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Today, the six major government healthcare programs—(1) Medicare, (2) Medicaid, (3) State 

Children’s Health Insurance program, (4) Department of Defense TRICARE, (5) Veterans Health 

Administration program, and (6) Indian Health Service program—provide health care services 

to about one-third of Americans. The federal government has a responsibility to ensure that 

more than $500 billion of annual investments into these programs are used wisely to reduce 

illness, injury, and disability and improve the health of the population. Almost all health care 

services are delivered through private health care providers, managed care plan arrangements, 

and community health centers and, to a lesser degree, state, county, or other publicly owned 

facilities or programs [7]. Therefore, as public health care relies extensively on private health 

care providers by negotiating contracts for care with them, it is easy to see how these systems 

work together to provide care to all Americans alike. 

When looking at the length of stay (LOS) and cost of hospital stays in 2016 per primary payer, it 

is easy to understand why one healthcare system cannot exist without the other. 
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Cost of hospital stays, 2016 

Expected primary 
payer 

Hospital 
stays 

Percen
t 

Mean length 
of stay 

Mean cost 
per stay 

Aggregate cost, 
millions 

Medicare 14,100 39.5% 5.3 days $13,600 $192,784 

Medicaid 8,200 23% 4.6 days $9,800 $81,153 

Private insurance 10,700 30% 3.9 days $10,900 $115,852 

Uninsured 1,500 4.2% 4.1 days $9,300 $13,781 

Other 1,100 3.1% 4.6 days $12,600 $13,354 

Table 1: Presents statistics on LOS and cost for hospital inpatient stays in 2016 [2]. 

 According to Table 1, patients covered by Medicare have the longest mean length of stay (5.3 

days vs. 3.9-4.6 days for other payers) and the highest mean cost per stay ($13,600 vs. $9,300-

$12,600 for other payers) [2]. It would be nearly impossible for the government to assume the 

cost of all other types of primary payers due to its limited budget. Therefore, both public and 

private health care systems can work together to improve cost sharing and increase healthcare 

coverage for all. 
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Quality of Care: 

As mentioned above, the second uncertainty facing patients is “receiving the best quality 

of healthcare for its price.” One of the main differences between the quality of care in public 

and private hospitals can be analyzed through length of stay (LOS). For example, according to 

the Center for Disease Control, in 2014 the average length of stay varied drastically between 

hospitals. 

Average Length of Stay - 2014 

Public/Government LOS (days) Private/Free-
Market 

LOS (days) 

Federal 10.3 Non-federal 6 

State-local government 6.4 Community 5.5 

  
For-profit 5.5 

  
Non-profit 5.3 

Average LOS 8.35 Average LOS 5.575 

Table 2: Presents data of average LOS in 2014 [3]. 

In 2014 the average length of stay in a public/government hospital was 8.35 days, while 

private/free-market hospital was 5.575 days [3]. This significant difference may be due to 

available staff and the size of the health care facility. Private hospitals tend to be smaller in size; 
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therefore, patients have more personalized care, increasing quality of care, and decreasing LOS. 

This decrease in LOS means beds become available faster, which decreases wait time for other 

patients needing care; this leads to an increase in the quality of care. Private hospitals are also 

given incentives to be efficient, while public are not, resulting in a shorter LOS for private 

patients. 

Conversely, public hospitals have many beds, minimal staff due to budget constraints, and 

care for all patients regardless of insurance. The goal of a public hospital is to care for every 

patient with the same quality, because there are no financial incentives to do otherwise. 

However, due to the ratio between patients and healthcare staff members, care is less 

personalized and has a higher wait time and LOS per visit. However, due to the availability of 

private hospitals, the risk of public hospitals becoming overcrowded is prevented. This 

increases the quality of public care. Again, public and private health care systems can work 

together to improve quality of care for all. 

Access to Care: 

Consumers from all over the world travel to America to receive care due to the vast 

access provided by private healthcare. According to the American Hospital Association, in the 

year 2018 there were 6,210 hospitals alone – which doesn’t even take out-patient or long-term 

care facilities into consideration. 
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Number of Hospitals in the U.S., 2018 

Total Number of All U.S. Hospitals 6,210 

Number of U.S. Community Hospitals 5,262 

Number of Nongovernment Not-for-Profit 
Community Hospitals 2,968 

Number of Investor-Owned (For-Profit) Community 
Hospitals 1,322 

Number of State and Local Government Community 
Hospitals 972 

Number of Federal Government Hospitals 208 

Number of Nonfederal Psychiatric Hospitals 620 

Other 2 Hospitals 120 

Table 3: Presents data on the number of Hospitals by type [1]. 

 Looking at Table 3, private hospitals largely outnumber public hospitals [1]. As mentioned 

earlier, “about one-third of the population receives its health care through government 

programs with access to both public and private facilities” [7]. Therefore, the remaining two-

thirds of the population attend private healthcare facilities. The benefit of this system is simple 

in the sense that all parties can receive care without having to wait on services like other 

entirely socialized healthcare systems around the world.  Public and private health care systems 

can work together to improve access to care for all. 
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Tax Structures: 

Tax structures must be considered between socialized and free-market healthcare. With 

an increasing elderly population, demand for health care is rising faster than economic growth 

can accommodate, because there are fewer people in the workforce. Increasing the role of 

private health care providers can help to close this gap by giving access to needed care, 

reducing the burden on government spending, and enabling lower tax rates [4]. An aversion to 

increased taxes for social programs is another reason already-insured middle class Americans 

have opposed expansion of health insurance coverage. While Americans may support the idea 

that the government ought to help people who are in financial need pay for their medical care, 

most Americans do not favor an increase in their own taxes to pay for such care [5]. Therefore, 

it is difficult for government programs to receive funding through simply increasing taxes on the 

American people. Thus, the government offers tax exclusion to incentivize a growth in the 

economy and community outreach instead. 

The purchase of health insurance through an employer is tax free; therefore, a dollar in 

health benefits is more valuable to employees than a dollar in wages. This structure gives 

employees the incentive to demand more compensation in the form of benefits relative to 

wages, along with encouraging employers to provide better compensation [6]. As a result, more 

American people are insured through their employer, lessening the number of people on 

government programs and incentivizing the American people to work to receive better 

healthcare. This benefits the economy, which increases tax dollars that eventually funnel down 

into the budget of government healthcare programs. Therefore, by considering this chain 
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effect, it is easy to see how public and private healthcare use the tax structure to work together 

and serve the American people. 

Another example of tax exclusion provided by the government is in the case of Not for 

Profit (NFP) companies. The main characteristic of an NFP company is in the name, meaning the 

company does not make an annual profit. Instead, the company operates exclusively for public, 

not private, interests; if liquidation occurs, those assets are relocated back into the company or 

its stakeholders (i.e. the community/charity). Due to this status, the government gives NFP 

companies large tax breaks, because they spend much of their profits helping the community. 

The tax code defines NFP companies as organizations operating exclusively for religious, 

charitable, scientific, public safety, literary or educational purposes. In healthcare, NFP 

companies provide some portion of free health care that the government would usually have to 

pick up. In this example, the use of tax exclusions is used to incentivize public and private health 

care systems to work together and share costs. 

 

Investment in New Procedures/Technological Advancements: 

The biggest differences between private and public health care systems are funding and 

competition. Private hospitals are funded by investors and are not limited to a public budget 

provided by taxes; thus, private hospitals can afford expensive treatments, research, and 

technology, making patient visits more effective and efficient, reducing LOS, and increasing 

patient satisfaction. The lack of funding and competition in government health care systems 

produces a lack of innovation in health care procedures and technology. When comparing this 
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fact to other countries with innovative public healthcare systems, it is a difficult comparison 

due to the differences in available funding between the countries.  

Although the health care market is more complex than any other business market, it still 

withholds the fundamentals of competition. However, because patients pay for care with 

insurance dollars, rather than out-of-pocket dollars, health care providers cannot attract 

customers by lowering treatment prices. As a result, providers must compete with other signals 

of quality they believe will be attractive to patients [6]. Therefore, private healthcare systems 

invest much of their resources into innovation of new procedures and technology 

advancements. 

Due to the lack of finances, there are limited equipment and specialized treatment 

options available for public health care systems. However, as mentioned earlier, “almost all 

government health care services are delivered through private health care providers, managed 

care plan arrangements, and community health centers to deliver services and, to a lesser 

degree, state, county, or other publicly owned facilities or programs” [7]. Therefore, the 

advancements made by private healthcare systems are still available to patients insured by 

government programs. This is another example of how public and private health care systems 

work together to insure the health of the American people through investments in new health 

care procedures and technology advancements. 
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Conclusion: 

Healthcare as a human right has been debated for years. America stands divided 

between reform and repeal, based on strong opinions rooted in culture, religion, politics, and 

so on. Only after analyzing this topic apolitically through consideration of the cost/financing of 

care, quality of care, access to care, tax structures, and investments in new 

procedures/technological advancements in both socialized and free market health care systems 

can one decide which health care system is best for the United States. This research supports 

the conclusion that public and private health care systems work together to provide efficient 

and effective health care to all U.S. Citizens. 

           The American Free-Market, or private, healthcare system provides innovation in new 

procedures through research and technological advancements like no other country. As a 

result, America has leading quality and access to healthcare, not only through the sheer 

number of hospitals available, but also through personalized treatment for each patient. The 

American Socialized/Government, or public, health care system negotiates contracts with, and 

may provide tax exclusions for, private systems to increase access to care for the remaining one 

third of the government-insured population. By working together, public and private health 

care systems can provide access to cost efficient and quality healthcare to all U.S. Citizens. 
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 Maternal Morbidity and Mortality for Black 

Women  
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Published June 10, 2020                    Staff Article 

 

Every two minutes a woman dies due to childbirth complications. However, most 

pregnancy-related deaths are deemed preventable. This persistent anomaly has been fueled by the 

racial and ethnic disparities that take the lives of black women at a rate three to four times higher 

than white women. Life-threatening complications for women of color, specifically black women, 

have been at the forefront of racial disparities regarding pregnancy-related deaths. The CDC’s 

Pregnancy-Related Mortality Surveillance System defines a pregnancy-related death as “the death 

of a woman during pregnancy or within one year of the end of pregnancy from a pregnancy 

complication; a chain of events initiated by pregnancy; or the aggravation of an unrelated condition 

by the physiological effects of pregnancy”. This issue has many layers of complexity that require 

intricate investigation to understand the root of the problem.  

 A sense of urgency is required to address and assess the ways in which racism and maternal 

morbidity and mortality affect black women at such an alarming rate. The issue is a challenge that 

confronts health equality on a large scale, and the Centers for Disease Control have collected 

national data pertaining to this subject. One of the key findings showed that women with lower 

socioeconomic status were more prone to higher rates for morbidity and mortality. Lack of access 

to healthcare and poor-quality healthcare contribute to lower socioeconomic status. The CDC 

calculated disparities over a course of 10-11 years for black women, finding that there is a 

significant connection between these disparities and morbidity and mortality rates. 
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Cardiomyopathy, thrombotic pulmonary embolism, hypertensive disorders of pregnancy, and 

hemorrhage were some of the leading causes of maternal death for racial and minority women. 

These conditions often develop at earlier ages and are less likely to be treated or managed 

adequately, which leads to possible complications and mortality from these conditions. Each factor 

recognized by the CDC contributes to why black women are facing higher rates of mortality and 

morbidity. 

 Differential treatment of black women can be a result of bias and stereotyping, which 

impacts the level of health care received by people of color. Differential treatment can occur 

through communication, socio-demographics, social networks, implicit bias, and structural racism 

and policy. This stems from the issue that black women are undervalued and not monitored as 

carefully as white women. For example, when symptoms persist in a patient of color, they are often 

dismissed. Medical employees can be the difference between a pregnant mother who faces 

morbidity and mortality and a mother who experiences fewer complications during pregnancy. 

Implicit bias and structural racism affect patients before they have a clinical encounter. Health care 

providers that dismiss and blatantly ignore the health concerns of their patients ultimately put them 

at greater risk for detrimental health complications. These actions speak to how black women are 

undervalued in the health care system. This kind of differential treatment leaves gaps in 

communication, such as the sharing of medical history. Pathways to racial and ethnic disparities 

can range far and wide when it comes to maternal morbidity and mortality. 

Although many more factors contribute to the disparity in health for black women, 

including racism and prejudice, there have been strides to reduce pregnancy-related mortality. A 

growing body of research acknowledges the structural racism that plays a role in producing these 

disparities. To reduce morbidity and mortality rates in black women, bias needs to be addressed. 
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There should be a multifaceted approach throughout the stages of pregnancy. Each stage of 

pregnancy should include factors that closely link with disparities such as, economic, social and 

environmental attributes. These attributes would cover patient, community, provider and 

systematic factors that underlie health determinants. Increased morbidity and mortality in people 

of color is a societal issue, and solutions include education to overcome bias, continual research, 

and proactive intervention for improvement in the healthcare field. It is essential to accelerate 

efforts and identify initiatives. Until there is consistent reduction in the rates of morbidity and 

mortality in black women, more efforts are needed to bring about change.  
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Figure 1. Photo Credit: Joel Sartore, Nat Geo Image Collection 

Climate Change and Biodiversity: Amphibians, Chytrid 

Fungus, and the Thermal Mismatch Hypothesis  
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Humans have released greenhouse gases at 
an unprecedented rate since the industrial revolution, 
resulting in climate change. Climate change is 
threatening species around the globe who may have 
already been under stress from other anthropogenic 
activities such as deforestation. Some people believe 
the planet is entering into the sixth mass extinction 
event, and this time it will be due to anthropogenic 
activities. Some of the most threatened species 
around the globe appear to be amphibians. As 
temperatures shift in habitats due to climate change, 
amphibians become more susceptible to many 
different diseases.  

 

 

Climate Change 

and 

Biodiversity 

Figure 2.  Photo Credit: MinnPost 

https://www.nationalgeographic.com/animals/2019/03/amphibian-apocalypse-frogs-salamanders-worst-chytrid-fungus/
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“There have been hundreds of amphibian species that have gone extinct in the last five 
decades because of outbreaks of the chytrid fungus.” 

 

Batrachochytrium dendrobatidis (Bd), or the chytrid fungus, is a parasitic fungus 
which targets amphibian populations. As climate change continues to intensify, the 
chytrid fungus can spread to additional areas. Meanwhile, its hosts are already 
compromised by the changing environment. There have been hundreds of amphibian 
species that have gone extinct in the last five decades because of outbreaks of the 
chytrid fungus. For example, the Panamanian golden frog was wiped out in the wild by 
this pathogenic fungus.  

 

Chytrid fungus causes the disease chytridiomycosis which infects the skin of 
amphibians, eventually sending them into cardiac arrest. The fungus infects in the form 
of a zoospore which becomes embedded in the skin, creating a cyst. Its preferred 
temperature is around 17-25°C. Colder temperatures may slow down the fungus’s 
ability to infect a host amphibian, but it does not kill the fungus. Hosts have been 
observed to live longer in warmer climates before dying. Amphibians can raise their 
internal body temperature to combat the fungus. Even though this fungus produces 
asexually, which makes it less adaptive, chytrid fungus has had great success in 
spreading globally and driving many species towards extinction. There is currently no in-
depth research into the time frame in which chytrid fungus spread. 

The thermal mismatch hypothesis explains how amphibians across the globe are 
becoming weakened by new temperatures ranging outside their adapted optimum 
temperature. This makes amphibians more susceptible to parasites and pathogens 
such as the chytrid fungus. Temperature changes alone have made regions 
uninhabitable to species that have called those regions home in previous decades. 
Many have been forced to migrate to new areas. Heat Waves associated with climate 
change can cause ponds to dry up, leading to high larval mortality. Due to their biology 
as ectotherms, amphibians struggle to keep their body temperatures at their optimum 
level when their external environment undergoes a temperature change making them 
more susceptible to infection. Due to climate change, temperatures are shifting in 
environments, and many species must thermoregulate or migrate to a more suitable 
environment. Areas where the temperature is newly outside the range of the host, yet 
inside the range of the fungus, could be where susceptibility to chytridiomycosis is the 
greatest.  Many parasites like the chytrid fungus tend to have a wider temperature range 
than their targets. One explanation for this wide temperature adaptation is the fast 
reproduction rates of parasites compared to hosts. If the host amphibian species is 
outside its optimum temperature, there is an increased chance of success of the chytrid 
fungus. Chytrid fungus can infect populations that must adapt to a new, warmer 
condition more easily than it can infect a population that is already adapted to warm 
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conditions. Researchers must ensure they are taking climate change temperature shifts 
into account when they study these amphibian populations. 

Researchers have been trying to discover ways to protect amphibian species 
around the world from this deadly fungus. Certain skin bacteria may be able to defend 
the amphibian against the chytrid fungus. For example, Janthinobacterium lividum, has 
been used by researchers as a probiotic to decrease the spread and success of the 
chytrid fungus.While infection rates have not decreased with the probiotic, some frogs 
were able to clear themselves of chytridiomycosis after being exposed to 
Janthinobacterium lividum in one study.  

 

 

 

 

 

 

 

 

                   Figure 3. Photo Credit: San Diego Zoo

Human-caused climate change has put wildlife at great risk due to 
changing conditions in their habitats. Since the industrial revolution, 
greenhouse gases have been released, progressively warming the Earth 
as the atmosphere fills with gas. Due to the increased gases, temperatures 

are shifting in many regions, and species are struggling to adapt to their 
new climate. Amphibians are having an especially hard time adapting, 
because they are ectotherms, meaning they must practice 
thermoregulation. They also face the ever-present threat of 
chytridiomycosis. Chytridiomycosis is caused by Batrachochytrium 
dendrobatidis (Bd), or the chytrid fungus. Amphibians are weakened 
because of their changing habitat temperature, which allows the chytrid 
fungus to be a more effective parasite. The further an amphibian is from its 
adapted optimum temperature, the weaker it becomes, and the more easily 
the parasitic fungus can take over. The chytrid fungus has driven hundreds 
of species towards extinction in the past few decades. More time and 
research must be devoted to studying the dynamics between climate 
change and pathogenic diseases such as chytridiomycosis. This could lead 
to a solution to the alarming rate at which amphibian extinction is occurring. 

https://animals.sandiegozoo.org/animals/panamanian-golden-frog
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The effects of climate change will continue to worsen across the globe, 
putting all life at risk, including amphibians. A solution must soon be found 
to prevent the loss of more amphibian species.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              Figure 4. Photo Credit: Matthew Fisher 

https://www.nationalgeographic.com/news/2018/05/amphibians-decline-frogs-chytrid-fungi-bd-animals-science/
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