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Environmental Chemistry Lab

Week 7-8: Measurements of gas and aerosol pollutants using electronic data acquisition system (DAS)  

Note:  The sampling period for this lab runs from February 18th to March 4th.  Turn in a preliminary data report (graphs only) to Dr. Jaffe on Feb 25th.  Each group is required to submit final data to Dr. Jaffe in Excel format by March 7th.  I will distribute a spreadsheet with all data.  Final report is due on March 15th. 


Because environmental conditions are constantly changing, point measurements in time can be mis-leading.  For example consider that stream flow, pH, precipitation, temperature and chemical contaminants are all important variables that can vary rapidly at a single location.  For this reason environmental scientists frequently make continuous measurements and output the data via an electronic signal, usually a voltage.  This voltage can then be continuously recorded with a data acquisition system or DAS.  Some instruments come equipped with computerized data recording systems, for example recall the Diode Array UV-Vis spectrometer and AA we used earlier in the quarter.  These instruments have a dedicated computerized interface using its own software.   However this is an expensive option and the computer must be dedicated to one instrument.  For this reason most measurement systems do not come equipped with a dedicated computers.


Data acquisitions systems are much more flexible since they come in many different styles.  The same system can be used for a wide array of instrumentation.  Some instruments have on-board memory which can collect a set number of data points for later download to a PC, but generally most on-board memory of this type is quite limited so that only a relatively small number of data points can be stored.  More commonly, a DAS will utilize a standard PC (notebook or desktop) with a plug in data acquisition board to collect the data and store it directly on the PC’s hard disk.  Some data acquisition systems are stand alone systems that will collect a set number of data points for later transfer to a PC.  At the heart of any DAS is an analog to digital convertor (ADC), which converts the analog signal (usually a voltage) to a digital signal (binary code).  For this lab, we will be using a stand-alone type of DAS called the HOBO datalogger, made by Onset Computer Corp.

In setting up a DAS there are a number of important considerations:

Sampling Frequency:  Obviously the point of using the DAS is to get a lot of data on a phenomenon that changes rapidly.  But if you sample too frequently, you will fill up your available data memory very quickly and you may lose data.  You must decide on the sampling frequency that balances these factors.  For environmental work, sampling frequencies of 1 hz to about 3x10-4 hz are common.  (Hz is cycles/second, so these values represent sampling frequencies of 1 per second to about 1 per hour).  It all depends on the goals of the work and the variability of the measurements being made.  As a good rule, you should sample at a frequency that is at least 10 times faster then the phenomenon that you wish to observe.

Analog Inputs:  All DAS have one or more analog inputs.  These are the channels that record the instruments output signals.  If a DAS has 4 analog input channels, then it can simultaneously record data from 4 instruments.  

Voltage/Current inputs:  Most DAS work with DC voltage inputs.  This means your instrument must output a voltage that is proportional to the signal you are observing.  Virtually all modern chemical instruments will out put a voltage signal which is proportional to the measurement.  Occasionally, you will find an instrument that outputs a current (amps) instead of a voltage.

Full scale range and resolution:  The full scale range tells the maximum voltage that the DAS will record.  Voltages greater then this value will not be recorded, and thus the data will be lost.  Common full scale ranges are 1, 5 and 10 volts DC.  Some systems can measure negative voltages (e.g. +/-5 VDC), whereas many cannot.  Also some DAS have adjustable full-scale ranges whereas others are fixed.  Resolution refers to the number of “steps” the DAS can see within its voltage range, so, for example, a 12-bit DAS uses 12 binary digits to store the data value, thus the full scale range can be broken into 212 steps.  To demonstrate how this works, suppose you have a 12-bit DAS with a full scale range of +/- 5 VDC.  The smallest voltage change this DAS could see is a change of 2.4 millivolts (mv).  This is because a 10 volt range divided into 4096 steps (212) yields a value of 2.4 mv per step.  So if the actual voltage output from the instrument ranges between 1-10 mv, this DAS will translate the data into a series of steps at intervals of 2.4 mv, rather then a smooth curve.  Thus, it is essential that the full scale range of your DAS and resolution be appropriate for the expected instrument output.  

Wiring, grounding and other connections:  Every DAS is different and needs to get configured for the specific application using the directions it comes with.  For plug-in computerized DAS systems it is necessary to configure the board using the software provided.  Wiring is usually simple except for grounding and shielding, which help eliminate spurious noise pickup in the signal.  Generally, the analog signal wires are “shielded”, and this shielding is connected to the DAS ground, however there are exceptions to this that depend on the specific application.  Shielding and proper grounding are especially important if the signals being measured are small (e.g. mv). Electronic “ground loops” can seriously interfere with DAS measurements if ground wires are not connected properly.  Unfortunately there are no hard and fast rules to avoid ground loops.  There are number of references which describe possible solutions to complex grounding situations, should they arise.  

Downloading:  Once the data are collected you will want to load it into a spreadsheet or statistics program for analysis.  Again, every DAS is different, so you will need to refer to the specific instructions that come with your DAS.  Keep in mind that the signals are recorded as voltages.  You must then convert the voltages into concentrations or whatever was being measured.  Generally, this is done by calibrating the voltage response of the sensor with samples of known concentration.  In some cases, manufacturers “response factors” may be used if the calibration is known to be very stable.  Once the data are in a spreadsheet program you can begin your scientific data analysis.   

Specific objectives for this lab are:

1) Learn to measure gaseous compounds (CO, CO2) and aerosols and record data using the HOBO DAS.

2) Learn how to work with and interpret environmental time-series data;

3) Interpret your data to evaluate the scientific questions and write a full technical report in standard scientific format (with references) giving the major conclusions of your work.

Supplies provided:


Licor CO2 monitor


API CO monitor


Radiance nephelomter



Dasibi O3 monitor

HOBO datalogging modules, software and PC data transfer kit

Voltmeter, wire 

CO calibration gas

CO2 calibration gas

CO free air or CO scrubber

CO2 free air or CO2 scrubber (Ascarite)

Pre-lab preparations:

Prior to coming to lab, you must complete the following steps:

1) Start on a new page in your labbook and record the usual information (title, goals, general approach);
2) Estimate the voltage you expect to record for ambient air using the data in the table below.  Record this information in a table in your labbook;

3) Answer the question below on separate paper (not in your labbook) and turn this into Dr. Jaffe at the start of lab on Friday:

Access the following websites which provide continuous real-time carbon monoxide data for Bellevue and aerosol data for Lake Forest Park (particulate matter less then 2.5 microns: PM 2.5) https://fortress.wa.gov/ecy/aqp/Public/aqn.shtml   OR alternatively, get data from: 

http://www.pscleanair.org/airq/aqi.aspx   (at the second site listed, you can download the numerical data, in addition to plots of the data).  Print out plots of the latest 3 day period for Carbon monoxide and PM 2.5 concentrations from the two sites.  The website gives the data in Air Quality Index units (AQI). This units adjusts the various gaseous pollutants so that a value of 100 equals the national air quality standards.  For CO, an AQI value of 100 is the same as 9 ppmv.  (Note that for air, we use the ppmv, rather then ppm, which tells us that this is a volumetric mixing ratio rather then a mass concentration).  How did the concentrations change over this 3 day period.  Why do you think they changed this way.  Keep in mind that there are two important factors you need to think about (emissions of CO and weather).  Did either the Lake Forest Park or Northgate air pollution levels violate the standard in the last 3 days?  Turn in a copy of your two graphs and a paragraph answering the above questions.

A note about the nephelometer.  A nephelometer measures the light scattering (haziness) of particles in the air (aerosols).  This scattering is reported as a scattering coefficient, in units of 1/meter or m_1.  Since typical values are usually very small (.00001 m-1) it is convenient to multiply these by 106 and report these as M m-1.   The scattering coefficient can be used to estimate the aerosol mass concentration from:  Aerosol mass concentration (ug/m3) = scattering coefficient (Mm-1)/3.

Specific hypotheses/scientific questions for this lab:

1) Since CO, CO2, O3 and aerosols all have multiple sources, some of which are not similar, these may or may not be correlated in our data.  However since the dominant source in our immediate area is probably vehicle exhaust, we expect that pollutants emitted direct from vehicle exhaust will be well correlated during our study;

2) Our CO and aerosol concentrations will be well correlated with data from Lake Forest Park and Bellevue, and not as well correlated with data from downtown Seattle;

3) The time periods with the highest concentrations will be associated with poor dispersion conditions (meteorology) and/or high traffic volumes.

Specific Directions:

For this lab, you will work in groups of two.  Each group will measure temperature and one other parameter (CO, CO2, O3 or aerosols) for the duration of the data collection period (approximately 2 weeks).
1) Turn all instruments on and allow them to warm up for 15-20 minutes;

2) Check the analog output signals from your instrument with a voltmeter to see that they approximately confirm to the values in the table below and that the voltage output is consistent with the digital display.  

3)  If calibration and zero gas are available, each instrument should be calibrated and “zeroed” to get the exact voltage-response relationships.  Record the output voltage you get and the digital readout from the front panel in your labbook.  

	Instrument
	Output range
	Concentration range
	Typical ambient concentrations

	Licor-CO2 
	0-2.5 vdc
	0-1000 ppmv
	360-420 ppmv

	API-CO
	0-5 vdc
	0-40 ppmv
	0.1-2 ppmv

	Radiance Nephelometer

(aerosol scattering)
	0-5 vdc
	0-1000 Mm-1
	0-60 Mm-1

	Dasibi O3
	0-1 vdc
	0-1000 ppbv
	10-80 ppbv (inside air may be near zero)


4) Configure the HOBO datalogger to collect data from the temperature probe and one other instrument.  The HOBO has an input voltage range of 0-2.5 vdc.  This means if the CO2 concentrations exceed 500 ppmv or the CO concentration exceeds 20 ppmv we will lose data, but these extremely high concentrations are very rare.  Also, since the HOBO has an “8-bit” A/D converter you’ll want to think about its resolution capabilities.  To configure the HOBO, you must use the HOBO software to tell the datalogger what frequency you want to sample at and the number of analog input channels.  You will want to sample at least once every 5 minutes, but once per minute would be better.  Calculate how often you will need to download the data, based on the datalogger’s memory and the sampling frequency.  The HOBO datalogger must then be wired to the voltage outputs from the CO and CO2 instruments.  Be sure the positive or “high” wire on the instrument output connects to the high side of the HOBO datalogger;

5) Start the datalogging routine and record the time in your labbook.  Allow this to run for about 5 sampling points and re-record the time in your labbook.  Stop the datalogger and download the data from it.  Look at the downloaded data to be sure it is right.  Is the voltage being recorded correctly for each instrument?  Is time being recorded correctly?  Is it sampling at the frequency you expect?

6) Repeat step 4 until you sure the DAS is set up right.  Failure to do this, means that your system may sit there for several days not collecting data.

7) We will also use a small wind velocity monitor.  This records data to a PC via an RS-232 interface.  Load the wind velocity datalogging program and begin logging data along with the CO and CO2 concentrations.  Make sure the clocks on to the two separate data systems are synchronized;

8) Using Teflon tubing and particulate filters, set up air sampling inlets for the CO and CO2 instruments out the window of the labroom.  Put the wind velocity sensor out the window as well and come up with a way to suspend it so that it records the winds perpendicular to the building.  While the wind recorded in this way is not an accurate determination of the real wind speeds, it may give us a general idea of changes in the wind velocity over time;

9) Turn everything on and start your data logging.  You are to record data for a continuous one week period.  During this week, you must work out a schedule with your lab partners to download data from the datalogger.  The frequency this is required will depend on the sampling interval you chose.  Provide your data download schedule to Dr. Jaffe and Mr. Hawthorne so that you can be sure to have access to the labroom when you need it;

10) Once a full week of data has been collected, you will need to gather the data into a single datafile, which has the date, time, CO (volts), CO2 (volts) and wind velocity (m/s).  This dataset is to be shared among all students in the class, but each student will conduct their own analysis.

Report:


Use the “full lab” report format as you did for the water quality report.   In other words, this report should be approximately 7-10 pages, have references and include all of the sections which are part of a standard scientific paper.  In your reports, you should convert all data into real units, where ever (e.g. ppmv, not volts), but being sure to show exactly how you did this conversion.  In addition, answer the following questions in the discussion section of your reports.

1) Did the CO or aerosol concentrations ever violate the air pollution standards?  For CO, this is 9 ppmv for an 8 hour average?  For aerosols, the standard is 65 ug/m3 for a 24 hour average.

2) How well did the various temperature measurements agree?  Is their evidence for bias in the measurements?  To answer this question, you will need to do a statistical comparison.

3) What was the highest CO, CO2, and aerosols concentration you observed at any time?  What was the highest 8 hour average you observed?  What were the meteorological and/or traffic conditions associated with this maximum?  There is a lot of places to get meteorological data, one site is from UW-Seattle Department of Atmospheric Sciences at: http://www.atmos.washington.edu/data/  

4) Do CO, CO2 and/or aerosol show a statistically significant correlation during our study?

5) Does CO or CO2 show an effect from time of day?  Why do you think this is so?

6) What do you think are the main sources of CO, CO2 and aerosols in the region?  Consider your answer carefully since it may not be the same for all pollutants.

7) Which shows more variability (e.g. a higher RSD) CO, CO2 or aerosols?  Why???

8) Does Seattle ever violate the CO or PM standards?  If so, about how often does it violate this standard?

9) Are your measured concentrations similar to Lake Forest Park, Bellevue, or downtown Seattle air quality data?  Are they statistically correlated?  Which has the strongest correlation with your data.  Why do you think this be so?

One final point:  as a scientist, it is important to analyze your data and reach your conclusions based on this data, not on what you think the answer “should” be.  Part of your grade for this lab will be in conducting a careful analysis based on your data.  

