Laboratory Module to Introduce Undergraduates to
Air Quality Research
1
Rodriguez ,

1
Gubsch ,

1
O’Keeffe ,

1
Toombs , Von

1
Walden

Yoni
Kristian
Patrick
Kevin
P.
1Laboratory for Atmospheric Research, Washington State University, Pullman, WA
Abstract:

An interactive laboratory module is being developed to introduce undergraduate engineering students to air quality research and environmental engineering as part of an introductory course. This lab module, which employs an Air-Quality Unit
(AQU) for real-time data-collection, will provide students an opportunity to experience hands-on engineering, computer programming and research development. This module will encourage students to use the scientific method to create a
hypothesis based upon their observations regarding their surroundings. Students will then develop an experiment with the AQU to test their hypothesis.

Background:

Results Continued:

Methods/Materials Continued:

• These AQU’s are modeled after the streetlight sensor units deployed in Spokane,
WA by WSU researchers for the Urbanova Project (http://Urbanova.org).

• After each sensor was tested and proven to be functional, an enclosure was
designed and created to protect the sensors and RPi3.

• The Urbanova Project is a combined effort to develop Spokane into a sustainable
city that utilizes smart city technologies and applications to improve:

• The enclosure was designed with two chambers:
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Figure 1: Avista Energy Corp. installing streetlight
sensors.

Figure 9: Python Graph of PM2.5 from 7/21/17 to 7/24/17 in

 Vents for air circulation

Toppenish, WA. A green band indicates a cooking period. A red
band indicates a high volume of people.

Figure 6: Sample Chamber of the AQU Box.

Experiment:
• The AQU was tested over a period of 3 days at a personal
residence in Toppenish, WA to investigate the effects of
cooking on indoor air quality.
• Data was collected by the AQU from 7:26pm on 7/21/17 until
6:00am 7/24/17. The AQU was located on a stand 20ft away
from the kitchen stove in the home during the entire sampling
period.
Figure 2: The map above shows the locations of the air quality sensors in the
Urbanova network. The green markers are active sensors. The blue marker shows the
location of the future Reference Site, which will house high-quality instruments that will
be used for sensor validation and calibration.

Figure 10: Python Graph of PM10.0 from 7/21/17 to 7/24/17
in Toppenish, WA. A green band indicates a cooking period. A red
band indicates a high volume of people.

Results:

Discussion:
•

The highest concentration CO2 of occurred on 7/23/17 ~8:00am
when all stove top burners and the oven were being used on high
heat. (Fig 7).

•

The highest particulate levels (PM 1.0, 2.5, 10.0) occurred on
7/23/17 ~1:30pm when the stove top was being used to cook high
volumes of organic foods.

•

All sensors worked throughout the three day experiment.

•

The lowest (~700ppm) and highest (~1400) concentrations of CO2
in the home are relatively high compared to the lab, which on
average was ~400ppm.

•

Poor ventilation quality, neighboring livestock and nearby
automotive mechanic shops are suspected factors for the high levels
of in the CO2 home.

•

PM levels all spiked above 400 counts during the period of cooking
for additional house guests.

Methods/Materials:
•

Each AQU will contain:

• A non-dispersive infrared (NDIR) K-30 sensor to detect CO2 (Fig 4).
• A Bosch Sensortec BME280 for measuring humidity/pressure/temperature (Fig
4).
• An Alphasense OPC-N2 optical particle monitor that measures PM1.0, PM2.5,
and PM10 (Fig 5).
• All sensors are wired to a Raspberry Pi3 model B (RPi3) microprocessor that
automates data collection. The RPi3 transmits data via a direct on-site ethernet
connection or Wi-Fi and can be remotely operated via VNC. (Fig 3)
• An Adafruit Ultimate GPS Breakout is also connected to the RPi3 to ensure
accurate time and location (Fig 4).

Figure 7: Python Graph of CO2 levels in PPM from 7/21/17 to
7/24/17 in Toppenish, WA. A green band indicates a cooking
period. A red band indicates a high volume of people.

• Students operate the RPi3 through a Linux interface to run specific scripts written
in the Python programming language.

Future Work:
• Calibrate the AQU sensors.
• Deploy half a dozen sensors around Spokane for the Urbanova Project
• Include wireless setup in the module for students
• This educational module will be used in Engineering 120 in Fall 2017
• Repeat the residential home test after AQU sensor calibration.
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• Left: Adafruit Ultimate GPS Alphasense OPC-N2.
• Right: BME 280
• Front: NDIR K-30 CO2 Sensor

Figure 8: Python Graph of PM1.0 from 7/21/17 to 7/24/17 in
Toppenish, WA. A green band indicates a cooking period. A red
band indicates a high volume of people.
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