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1.0 Environmental Impact Analysis

Our project is a wearable device meant to collect heart rate and hydration data from a heart rate sensor and conductivity sensor. The main components involve a polymer li-ion battery, heart rate sensor, conductivity sensor, buck-boost converter, battery charger, potentiometer, coulomb counter, adapter for charging, and the esp32 microcontroller chip all packed into a housing component made with thermoplastic polyurethane (TPU). The wristband will likely be a cotton fabric or some type of silicone material. 

Lifecycle stage one involves manufacturing. The printed circuit board is the main piece that gets manufactured for HydraWise and any senior design project in ECE 477. The ESP32, fuel gauge, and sensor modules require the PCB that we design. This involves hazardous chemicals like lead-based solder, brominated flame retardants, and etchants [1]. PCB production is known to be an energy-intensive process that generates non-biodegradable waste. The next aspect is battery integration. HydraWise uses a DTP502535 Polymer Li-ion Rechargeable Battery (3.7V, 400mAh), which contains lithium cobalt oxide. This material in particular is pretty toxic, flammable, and comes with a significant environmental extraction cost due to procurement through mining operations [2]. Additionally, battery production contributes highly to carbon emissions and requires rare earth materials. In terms of the sensor and fuel gauge components, the MAX30101 (heart rate) and LFS1107 (hydration sensor) involve semiconductor fabrication processes. These processes consume copious amounts of water and energy. The bq27441-G1 fuel gauge introduces additional electronic complexity, which requires accurate internal calibration. The manufacturing process relies on rare elements like tantalum and copper. Procurement of these rare elements involves mining. The charging interface involving the USB-serial port adapter contains plastic and metal components which increases e-waste potential along with the resource-extensive manufacturing process. Finally, HydraWise will be housed in a TPU shell. TPU is chosen for its flexible and recyclable qualities in comparison with most other plastics. However, it is biodegradable for a limited period of time and may contribute to microplastic accumulation if not properly processed [3]. 

Lifecycle stage two involves normal use of HydraWise. The three main aspects of this stage are power consumption, USB charging, and TPU durability. Bluetooth low energy (BLE) communication, continuous sampling from the MAX30101 and LFS1107, and real-time monitoring via the bq27441-G1 fuel gauge are tasks that slightly increase the power draw. This cycles the battery more frequently. The USB-serial adapter enables efficient battery recharging. This reduces the need for disposable batteries, eliminating waste. However, this component must be used cautiously to prevent overheating. TPU’s abrasion resistance extends the overall product lifetime which delays environmental impact from product replacement.

Lifecycle stage three involves disposal and recycling. The battery, electronics, and TPU materials pose the most risk in disposal processes. The Li-ion polymer battery could leak toxic substances or ignite if punctured or disposed of in general waste. Improper disposal of PCBs, USB interface, the bq27441-G1 fuel gauge, and sensors results in non-recyclable waste and heavy metal contamination among other environmentally harmful outcomes. Finally, TPU is recyclable but only with methods that occur in specialized facilities. If discarded improperly, this material could accumulate in landfills or break down into microplastics. If these byproducts get into the soil or any naturally occurring body of water, it could harm sensitive ecosystems.

There are environmentally conscious ways to approach the manufacturing of HydraWise. Concern number one involves the use of hazardous chemicals in PCB manufacturing. To mitigate this concern, we may source PCBs from manufacturers committed to RoHS compliance and green chemistry practices [4]. ECE477 uses JLPCB, which follows RoHS standards by default by avoiding lead, mercury, cadmium, hexavalent chromium, PBB, and PBDE flame retardants among other materials in line with the RoHS Directive [4]. Concern number two focuses on battery-related hazards. To mitigate this concern, HydraWise aims to make use of removable, rechargeable, and recyclable Li-ion batteries. HydraWise makes sure to include instructions for safe recycling and replacement. Concern number three consists of the aspect of energy inefficiency. To mitigate this concern, HydraWise implements low-power BLE modes. Data sampling frequency is optimized as well. This two-pronged approach reduces energy consumption as a whole. Concern number four embodies waste generation at the end-of-life of a product. HydraWise mitigates this concern by designing the system in a modular manner. This involves enabling the sensors and battery to be replaced singularly instead of full unit disposal. The product, if put to market, will partner with e-waste recycling programs to incentivize users to return old units so that they may be disposed of in an environmentally conscious manner. The fifth concern mentions non-biodegradability. To mitigate this concern, biodegradable or recyclable casing materials are used to reduce long-term waste. TPU and Elastic Resin 50 are the main materials used to develop the casing as they are plastics that are able to be recycled, albeit through methods at specialized facilities [3]. 

2.0 Ethical Challenges
Ethical challenges may be numerous based on the use-cases of HydraWise. The main aspects in which ethics are concerned are user data privacy, data accuracy with health impact, user safety, accessibility and inclusivity. As HydraWise aims to collect sensitive biometric data through heart rate and hydration sampling, this data must be protected from unauthorized access. In terms of data accuracy in conjunction with the consequential health impact, the accuracy of the readings must be carefully considered and interpreted through data processing. Inaccurate readings and recommendations may lead users to make incorrect health decisions. Although, one may argue that there can really not be any major harm in regard to consuming copious amounts of water or electrolyte-based drinks. Electronic risks are the biggest concern in terms of user safety. HydraWise’s power scheme is based on electronic components near the body, especially the conductivity and heart rate sensor modules. There may be potential for overheating, short circuits, or improper use. The packaging must be carefully composed to avoid any risks of harm to the user in the form of scratches or electrical shock when enclosing these electronic components. Finally, accessibility and inclusivity can be considered together as ethical challenges. The app and device should be created in a way to accommodate all types of users with special emphasis on those with disabilities or different levels of technological literacy. This aspect of the software and hardware development may be incorporated after every piece is finalized and fully integrated into one wholly functional unit. 

These main ethical concerns have multiple avenues of mitigation. Data privacy arguably is the easiest to remedy. BLE communication should be encrypted and include data-use disclaimers in the mobile app. The disclaimer notification may include user consent before enabling data collection. Data accuracy can be mitigated through intense testing procedures in real-world conditions in the beta-stage of production. These conditions may range from heat to various types of sweat to intensity of movement. Health misuse can be approached by including clear disclaimers stating that HydraWise is not a medical device but rather a fitness tracker for the time being, until the FDA approval and other standards get applied to the product. To prevent harm to the user, anti-tampering screws may be added to the packaging and sensor modules. Regarding potential short-circuiting and overheating, there could be the incorporation of an auto-shutdown safety feature. Clearly marked warning labels may be strategically placed on the physical device to ensure users are aware of potential hazards. Finally, accessibility and inclusivity may be implemented in following ADA compliance with the software side of the project. The UI/UX design of the app would have the ADA aspect in application. Features include voice accessibility, large font options, and easy navigation [5]. Later on, multilingual user guides may be provided. In essence, any changes made to HydraWise that accommodate the largest user base possible in the safest way is the route to follow in making HydraWise ethically sound. 
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