
 

 
 

 

 
 

 


 

Figure 2-5. Site 2 Outdoor Monitoring Equipment and Setup 
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Figure 2-7. Site 3 Outdoor Monitoring Equipment and Setup 
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2.1.1 Deployment 

EI Field Staff transported and set up all monitoring equipment and the meteorological 
measurements system at the established sites (see Table 2-1). Once installations were completed 
all measurement systems were tested to ensure that damage had not occurred during transport. 
Internal optical two-point calibration checks were performed on the systems. Monitoring at each 
EI site commenced after that location’s measurement systems were determined to be operating 
correctly. 

2.1.2 Duration/Schedule 

The EI monitoring period was selected to correspond with typical facility operations and 
representative emissions from the Excel Dairy facility and to complement the MPCA monitoring 
program. After the measurement systems were brought on line, monitoring was conducted 
continuously for 3 weeks. 

Field sampling personnel visited the monitoring sites daily to assess the functional status of the 
measurement equipment and to correct any identified problems. On a weekly basis, the field 
sampling personnel downloaded data from the H2S instruments and performed quality assurance 
activities (e.g., reloaded measurement tapes as needed, performed internal optical calibration 
checks). Maintenance was performed on these monitoring systems as required. In addition, 
meteorological measurements system data was downloaded weekly, and visual checks of the 
meteorological sensors were performed daily. Any issues and/or concerns were discussed with 
the ATSDR lead investigator as they occurred.  

For the purposes of the EI report, the following terms are defined as indicated below. 

	 Total possible measurements: The total number of measurements possible is proportionate to 
the total number of minutes during which H2S measurements were scheduled during the EI 
monitoring period while applying a 1-minute measurement frequency. This value can change 
over the course of an EI if the technical approach changes (e.g., sites are moved, indoor or 
outdoor sampling is terminated).   

	 Valid measurements: The total number of possible measurements actually accomplished and 
determined to be accurate and representative during the EI monitoring period. 

	 Invalid measurements: The total number of possible measurements actually determined to be 
inaccurate and not representative during the EI monitoring period (e.g., those recorded during 
observed instrument malfunction).   

Table 2-2 presents the monitoring schedule for valid data collection during the EI. As shown in 
the table, H2S valid measurements were collected at some sites during the entire EI, while valid 
measurements at other sites were obtained during shorter periods of time. The following valid 
monitoring occurred at each site during the EI: 
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Figure 5-6. Average 30-Minute H2S Concentrations at Site 3 by Wind Direction at the MPCA Meteorological Station 
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Excel Dairy, Thief River Falls, MN Exposure Investigation 

5.2 Correlation Analyses 

Pearson correlation coefficients were calculated to investigate potential relationships between 
meteorological conditions and H2S concentrations. These calculations were conducted for both 
the EI and the MPCA meteorological stations by comparing the 30-minute averaged 
meteorological data collected at each station to the 30-minute averaged ambient air monitoring 
data collected at each outdoor monitoring site.  

For reference, Pearson correlation coefficients are used to measure the degree of correlation 
between two variables. By definition, Pearson correlation coefficients always lie between -1 and 
+1 and are interpreted as follows: 

	 A correlation coefficient of -1 indicates a perfectly “negative” relationship, indicating that 
increases in the magnitude of one variable are associated with proportionate decreases in the 
magnitude of the other variable, and vice versa. 

	 A correlation coefficient of +1 indicates a perfectly “positive” relationship, indicating that 
the magnitudes of two variables both increase and both decrease proportionately. 

	 Data that are completely uncorrelated have a Pearson correlation coefficient of or near zero. 

Table 5-1 presents the results of the Pearson correlations conducted using the EI meteorological 
data for three meteorological parameters: temperature, relative humidity, and wind speed. As 
shown in the table, correlations between the H2S concentrations and each of the three parameters 
were weak to none, ranging from -0.20 to -0.23 for temperature, 0.15 to 0.20 for relative 
humidity, and -0.04 to -0.19 for wind speed. This means that increases or decreases in 
temperature, relative humidity, and wind speed have little or no association with increases or 
decreases in H2S concentrations. 

Table 5-1. Pearson Correlations between 30-Minute Average H2S Concentrations at the EI 
Outdoor Monitoring Sites and Meteorological Data Collected at EI Site 1: July 9 to July 31, 

2008 

Site 
Number of 

Temperature Relative Humidity Wind Speed
Observations 

Site 1 705 -0.20 0.18 -0.19 
Site 2 1026 -0.23 0.20 -0.05 
Site 3 705 -0.23 0.15 -0.11 

Presented in Table 5-2 are the results of the Pearson correlations conducted using the MPCA 
meteorological data for three meteorological parameters: temperature, relative humidity, and 
wind speed. As shown in the table, correlations between the measured H2S concentrations and 
each of the three parameters were weak to none, ranging from -0.21 to -0.27 for temperature and 
-0.02 to -0.22 for wind speed. [Note: humidity measurements may not have been collected at the 
MPCA meteorological station and are not therefore included in this report.] This means that 
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increases or decreases in temperature and wind speed have little or no association with increases 
or decreases in H2S concentrations. 

Table 5-2. Pearson Correlations between 30-minute Average H2S Concentrations at the EI 

Outdoor Monitoring Sites and Meteorological Data Collected at MPCA Site 1: July 9 to 


July 31, 2008 


Site 
Number of 

Temperature Wind Speed
Observations 

Site 1 705 -0.23 -0.22 
Site 2 1026 -0.21 -0.02 
Site 3 705 -0.27 -0.16 

Pearson correlations were also prepared by comparing H2S measurements to temperature, 
relative humidity, and wind speed on a daily basis (i.e., rather than over the entire EI duration as 
presented in Table 5-1 and Table 5-2). The purpose of this exercise was to evaluate correlations 
during periods of elevated H2S measurements. The overall findings from this analysis include the 
following: 

	 Except for a few instances, weak to no correlations were observed between H2S 
measurements seen during excursions (i.e., two consecutive 30-minute average 
concentrations above ATSDR’s acute MRL of 20 ppb) at Site 1 and Site 3 and temperature, 
relative humidity, and wind speed.  

	 On days when no excursions occurred, strong negative correlations were often calculated 
between H2S concentrations and temperature at Site 1, Site 2, and Site 3. Meaning, average 
H2S concentrations tended to decrease as temperature increased, and concentrations tended to 
increase as temperature decreased. 

	 On days when no excursions occurred, strong positive correlations were often calculated 
between H2S concentrations and relative humidity. This means that average H2S 
concentrations tended to increase as relative humidity increased and concentrations tended to 
decrease as relative humidity decreased. 

	 With the exception of observations on July 24, H2S concentrations had strong negative 
correlations with wind speed at Site 1 and Site 3, and a moderately negative correlation at 
Site 2. Meaning, concentrations tended to increase as wind speed decreased, and 
concentrations tended to decrease when wind speed increased. On July 24, however, H2S 
concentrations had a strong positive correlation with wind speed. Thus, on this date of the EI 
period, concentrations increased when wind speed increased, but decreased when wind speed 
decreased. Because this is an atypical pattern among H2S concentrations and wind speed, 
further in-depth analysis was conducted to examine what was occurring on July 24 to cause 
this unusual pattern. Based on an evaluation of surface weather conditions (Unisys 2008), it 
appears that a cold front passed through the study area on July 24. As a result, wind direction 
shifted from southeasterly to southerly, southwesterly, westerly, and finally northwesterly 
throughout the day. The approximate time of cold frontal passage was estimated between 

60
 



   
 

  

 

 

 

 

 
  

 

 
 

 

 

 


 

Excel Dairy, Thief River Falls, MN Exposure Investigation 

11:00 am and 2:00 pm. This cold front likely cleared out the air in the site vicinity, resulting 
in decreasing H2S concentrations from 12:00 to 3:00 pm.    

6.0 Conclusions 

ATSDR, with assistance from ERG, conducted an exposure investigation to measure the levels 
of H2S in residential areas near the Excel Dairy. The EI consisted of a 3-week air monitoring 
program conducted from July 9 to July 31, 2008, in Thief River Falls, MN. The EI consisted of a 
program of continuous outdoor and indoor air monitoring of H2S because it was identified as a 
contaminant of concern by residents and government agencies (i.e., EPA, MDH, and MPCA). 

The Excel Dairy EI was developed to address six DQOs designed for the data generated during 
the monitoring program. All of the EI DQOs, presented in Table 6-1, were met except for 
measurement completeness (i.e., 80% data capture) at outdoor Site 1. At outdoor Site 1, over 
30% of all H2S measurements were invalidated due to a malfunctioning data logger during the 
first week of monitoring. After the problem was identified, the data logger was replaced and no 
other problems were encountered at outdoor Site 1. Nonetheless, the program’s overall 
completeness DQO was reached, with a data capture of 87.58% (see Table 3-3) 

Table 6-1. Operational and Technical DQOs for the Excel Dairy EI 

Element Objective 

Where to conduct monitoring (siting) All monitoring locations must be in close proximity to the 
potentially impacted population. 

When to conduct monitoring (duration) Daily from 0000 to 2359 hours across 3 continuous weeks. 

Frequency of monitoring (measurement intervals) 
Continuous for H2S to allow assessment of short duration 
excursions and calculations of hourly and daily average 
concentrations. 

Measurement completeness 80% data capture or greater 
H2S measurement precision +/- 20% relative standard deviation (RSD) 
H2S measurement accuracy +/- 15% difference 

6.1 Overview of Findings 

Technical conclusions and observations are presented below by parameter. 

6.1.1 Hydrogen Sulfide 

Overall Findings: H2S was monitored at all three monitoring locations. The monitoring devices 
placed in indoor environments at Site 1 and Site 2 detected H2S frequently, but typically at much 
lower concentrations than detected in outdoor environments. Nonetheless, while 30-minute 
average H2S concentrations at indoor Site 2 were all below ATSDR’s lowest comparison value 
of 20 ppb (i.e., intermediate MRL), some average concentrations detected at indoor Site 1 
exceeded this MRL. 
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The highest 30-minute average H2S concentrations ranged from 14.18 ppb at indoor Site 2 to 
214.72 ppb at outdoor Site 1. The highest 30-minute average concentrations at all sites except 
indoor Site 2 exceeded ATSDR’s intermediate MRL of 20 ppb. The highest 30-minute average 
concentrations detected at outdoor Sites 1 and 3 exceeded the acute MRL of 70 ppb. ATSDR 
also compared H2S concentrations measured during the EI to MPCA’s air quality standards for 
the state of Minnesota of 30 ppb and 50 ppb: some of the 30-minute average H2S concentrations 
detected at Site 1 (i.e., indoor and outdoor) and Site 3 exceeded both of the state air quality 
standards. 

Excursions of Elevated H2S Measurements: “Excursions”—defined for the purposes of this EI as 
instances where two or more consecutive 30-minute average H2S concentrations exceeded 20 
ppb (ATSDR’s intermediate MRL)—were identified and plotted graphically for each EI 
monitoring site. In summary, ATSDR found the following: 

	 While no concentrations at Site 2 exceeded 20 ppb during two or more consecutive 30­
minute periods, 30-minute averages—often over sustained periods—were identified at Site 1 
(indoor and outdoor) and Site 3. 

	 At Site 1, elevated H2S concentrations at the outdoor site corresponded with increased 
concentrations at the indoor site. 

	 Excursions occurred more often at outdoor Site 3 than outdoor Site 1. 

	 Except for a few instances, graphs depicting these excursions for Sites 1 and 3 (see Figures 
4-1 through 4-14) demonstrate that H2S concentrations were considerably lower during the 
daylight hours when compared to those measured after sundown and before sunrise.  

Diurnal Variations: Evaluations of diurnal variations in H2S concentrations confirmed the 
findings of the excursion graphs: ambient air concentrations of H2S were considerably higher 
after sundown and before sunrise compared to those measured during the daylight hours. Various 
mechanisms may contribute to the observed diurnal variations observed. Winds during the day 
disburse gas throughout the air, which results in lower ambient H2S concentrations. During 
nighttime and early morning hours, however, winds are typically calmer, which usually results in 
less efficient dilution and dispersion of the H2S gas and in ambient concentrations that are higher 
than during daytime hours. In addition, increased dispersion occurs as mixing heights rise during 
the day. Further, photochemical reactions occur during the day that break down H2S. 

Wind Analyses: In addition, wind analyses were conducted by comparing average H2S 
concentration data from all three EI outdoor monitoring sites to meteorological data collected by 
ATSDR and MPCA at their separate monitoring stations. Overall, the findings were similar 
when using both meteorological data sets. Average H2S concentrations at Site 2 were fairly 
consistent across all different wind directions, with no increased concentrations associated with 
any particular wind direction. Average H2S concentrations at outdoor Sites 1 and 3 tended to be 
higher when winds were blowing from the direction of the Excel facility. The highest 30-minute 
average concentrations were often reported during periods of calm winds. While these wind 
direction analyses provide insights into the H2S levels measured during the EI, they need to be 
combined with other efforts (e.g., detailed air dispersion modeling) to provide a more detailed 
account of the H2S emissions sources contributing to the measured concentrations.  
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Excel Dairy, Thief River Falls, MN Exposure Investigation 

6.1.2 Meteorological Parameters 

During the EI, a monitoring system was established at Site 1 to collect continuous 
meteorological measurements. Average winds were often calm (38.86%), typically out of the 
northwest, and had an average speed of 1.26 meters per second (2.8 miles per hour). In general, 
maximum daytime temperatures were in the mid 80s (°F), while overnight temperatures were in 
the low to mid 50s (°F). Relative humidity measurements were higher in the early morning hours 
compared to the rest of the day.  

Little or no association was observed between H2S concentrations measured during the overall 
EI period and changes in temperature, relative humidity, and wind speed. When analyses were 
conducted on a daily basis, weak to no correlations were observed between H2S measurements 
seen during excursions at Site 1 and Site 3 and temperature, relative humidity, and wind speed. 
When no excursions occurred, however, in general strong negative correlations were often 
calculated between H2S concentrations and temperature and wind speed, whereas strong positive 
correlations were often calculated between H2S concentrations and relative humidity.  

Data collected from the EI meteorological site were compared to data collected from MPCA’s 
meteorological station, located near the Excel facility, during the same time period (July 9–31, 
2008). Despite the differences in these stations that were noted previously (e.g., different stall 
rates, differences in siting), the data were consistent with regards to temperature and wind speed.  

6.2 Limitations 

ATSDR acknowledges that all scientific investigations, such as this Excel Dairy EI, have 
limitations. The limitations for this EI include: 

	 This EI focused on only one pollutant, H2S, because of community health concerns and as 
requested by MDH and the US EPA. ATSDR recognizes that gases produce by dairy 
operations most likely are composed of a mixture of compounds. 

	 Monitoring was conducted at fixed, stationary monitoring locations; however, people move 
around, and do not remain in one place all day. Therefore, the monitoring data collected at 
the fixed locations are not directly equivalent to actual exposures that may have occurred, 
particularly for longer averaging periods (i.e., 24-hour averages and longer).  

	 The monitoring data collected during this program represent air quality conditions during 
July 9 to July 31, 2008. ATSDR selected the monitoring period to correspond with typical 
facility operations and representative emissions levels from the Excel Dairy facility and to 
provide short-term H2S measured data at residential locations to complement the longer term 
MPCA fenceline monitoring program.  

	 No pre-site survey was conducted for this EI. Instead, the sample locations and sampling 
requirements were determined because they represented houses within the closest proximity 
to the Excel facility and because the residents in some cases were individuals who reported 
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concerns about odors emanating from the lagoons and manure pit to MDH. These residents 
requested monitoring at their residences. 

	 Over 30% of all H2S measurements at outdoor Site 1 were invalidated during the first week 
of the EI due to a malfunctioning data logger.  

	 Because two monitor locations (Sites 1 and 2) were originally planned for this EI, the 
monitors at outdoor Site 3 were not put in operation until the second week of the EI. Site 3 
was added the second week of the EI program based on conditions on-site and the 
professional judgment of the EI Field Staff. 

	 While a low unit (i.e., detection range of 0–90 ppb) operated at outdoor Site 3 from July 16 
through July 31, a mid unit (i.e., detection range of 76–1,500 ppb) was not brought on line 
until July 20. As a result, H2S concentrations above 90 ppb could have occurred prior to July 
20, but they would not have been captured at EI outdoor Site 3. 
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