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1.
INTRODUCTION

Hydrogen sulfide is a colorless gas with a characteristic rotten egg odor. It is a toxic and malodorous air pollutant. It has adverse effects on lead-based paints and is corrosive to certain metal. Concerns are frequently voiced by both scientists and the public about health problems, which may be caused by exposure to low levels of H2S in air. H2S is produced both naturally and through industrial processes, such as from the burning of fuels, sulfur recovery processes, oil refineries etc. H2S is required to be monitored by regulations (1). Many methods have been developed to monitoring this air pollutant (2). These methods can generally be classified as active and passive methods. Continuous analyzers belong to the active and real-time methods, which require pumps to draw air through collection devices to sample and measure air pollutants. Therefore electrical power, roads and shelters are required to operate the active real-time samplers. The ongoing operating cost of supporting and running a continuous analyzer is relatively high. Passive samplers, on the other hand, are cost effective and convenient to use.

With the support of Alberta Environmental (ANEV), Alberta Research Council (ARC), Clean Air Strategic Alliance of Alberta (CASA) and the National Research Council of Canada (NRC), the Centre for Passive Sampling Technology of Maxxam Analytics Inc. has successfully developed an all-season Passive Air Sampling System (PASS) for sampling many air pollutants in the atmosphere (3,4). H2S is one of the air pollutants (PASS-H2S) (5). Many independent validations from governments have proved that the PASS is an accurate device that can be used to quantify SO2, NO2, O3 and H2S in all weather conditions (6,7). Figure 1 shows the PASS in the field. The H2S passive sampler is shown in Figure 2. 
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Figure 1 
PASS in the field
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Figure 2
H2S passive sampler


The unique features of the PASS-H2S are listed as follows:


*
A new passive sampler body and a rain shelter were designed allowing the passive sampler be installed face downwards outdoors. This design helps the PASS avoid dust problems and facilitates air movement parallel to the diffusion barrier surface (Figures 1).


*
An equation, which accounts for variations in temperature, relative humidity and wind speed, is used to calculate sampling rates.

*
The PASS is very sensitive. It can be used to collect ppt levels of H2S in air. 

* 
The collection time is very flexible. It can be exposed from several hours up to one months depending on the monitored pollutant and its average concentration in air.

*
By attaching a clip to the sampler body, it can be used as a personal monitor.   
This type of monitor cannot measure the hourly-averaged values that are necessary to determining the acceptability of pollutant levels for human health. But through short periods of exposure (4 hours to 24 hours), the results can be used to estimate if the measured air pollutant concentration exceeded the standard. Therefore, the passive sampler’s crucial role in air quality management is provision of longer-term measurements with instruments that are much more affordable and portable than continuous monitors.  This improved affordability and portability allows data collection at more locations than can be serviced with continuous monitors.  This system can therefore enable air quality managers to make decisions on the need for further management of sources, particularly dispersed non-point sources, that would normally require much greater expense and time to assess.


This report is to demonstrate how the H2S passive monitoring system can provide data that is critical to the management of H2S air pollutant, such as:

1. selecting priority areas for future source management actions;

2. determining the need for continuous monitoring to assess human or environmental effects; and

3. determining if air quality trends require management intervention.

2.   SITE SELECTION

Maxxam Analytics, The Ministry of Environment Lands and Parks and Northwinds Environment Ltd. Have decided to select 8 stations. The reasons for station selection are listed in Table 1. Figure 3 shows the locations of the 8 stations in Northern BC around Fort St. John area. Pictures for the 8 stations are shown in Figures 4 to 11.
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Figure 3 
Locations of the 8 H2S stations around Fort St, John
Table 1
Descriptions of the passive sampling stations

	Location #
	Location
	Reason for Location

	Station #1

120( 41’ 10” W

56( 09’ 03” N 

480 metres asl
	Taylor A
	This location is located beside Westcoast Energy Taylor Air Monitoring Trailer and will be used as a control station.

	Station #2

120( 40’ 15” W

56( 09’ 30” N 

488 metres asl
	Taylor B
	This site is located on the east side of Taylor.  The location was chosen to capture emissions which would drift down from oil and gas facilities located northeast of Taylor 

	Station #3

120( 42’ 45” W

56( 12’ 45” N 

655 metres asl
	Allen Residence
	This site is located at mile 40 of the Alaska Highway and ½ mile west of the Highway.  There are several oil and gas facilities near this location and local residents have expresses a concern over air quality.

	Station #4

120( 44’ 15” W

56( 14’ 40” N 

693 metres asl
	Ft. St. John Airport
	The airport is centrally located and a monitor was installed at this location.

	Station #5

120( 38’ 10” W

56( 12’ 55” N 

678 metres asl
	Baldonnel A
	This site is located approximately 2 miles east of the Baldonnel school in a predominately agricultural community.  This site was chosen because of the high volume of truck traffic which hauls liquids to the Newalta and Pembina facilities southeast of Baldonnel.

	Station #6

120( 38’ 50” W

56( 10’ 05” N 

610 metres asl
	Baldonnel B
	This site is located east of the Newalta (waste treatment facility and injection well) and Pembina (oil terminal) and will be used to determine H2S emissions from the area.

	Station #7

120( 51’ 45” W

56( 164’ 20” N 

686 metres asl
	Fish Creek Bypass Road
	This site is located north of Ft. St. John on a bypass road where there is a significant amount of traffic and also is near a produced water injection well.

	Station #8

120( 50’ 45” W

56( 14’ 45” N 

701 metres asl
	Cultural Centre
	This site is located on the roof top of the Ft. St. John Cultural Centre and will monitor H2S emission along with the Fort St John particulate monitoring system.
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Figure 4
Location of Station 1
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Figure 5
Location of Station 2
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Figure 6
Location of Station 3
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Figure 7
Location of Station 4
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Figure 8
Location of Station 5
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Figure 9
Location of Station 6
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Figure 10
Location of Station 7
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Figure 11
Location of Station 8

3.
EXPERIMENTAL

Three different studies were carried out in this project: independent validation, monthly exposure, and short-term episode study. The details of each study are described as follows.

3.1
Independent Validation
In order to demonstrate the quality of the H2S data monitored by the Maxxam H2S All season Passive Sampling System (PASS-H2S), an independent validation of the PASS-H2S was conducted although the Centre for Passive Sampling Technology (CPSS) of Maxxam Analytics Inc. and Alberta Environment have completed many validations in the past. The study used simultaneous sampling technologies for H2S with active and PASS-H2S samplers since active samplers have been commonly accepted as a reliable reference method.

The study was conducted at a Duke Energy air monitoring unit at Taylor town site from November 19 to November 21. The following individuals from different organizations participated in the study (see Table 1).

Table 2 
Individuals participated in the validation study

	Name
	Title
	Organization

	Dave Sutherland
	Head, Environmental section
	Ministry of Environment, Lands and Parks, BC

	Peter Reid
	Environmental Specialist
	Duke Energy

	Bob Andrews
	Owner


	Northwinds Environment Ltd.

	Linda Lin
	Lab Supervisor, Centre for Passive Sampling Technology
	Maxxam Analytics Inc.

	Hongmao Tang
	Director, Centre for Passive Sampling Technology
	Maxxam Analytics Inc.


This validation was a blind study. Individuals from different organizations independently provided information to Mr. Dave Sutherland, who completed the final calculations and comparisons. Maxxam provided analytical results; Northwinds Environment provided field operation parameters; Duke Energy provided onsite meteorological data.


Triplicate H2S passive samplers with triplicate travel blanks and duplicate active     samplers with duplicate travel blanks were used. The passive samplers were installed on the top of the monitoring unit. The passive samplers’ height was equal to the inlet of the active samplers (see Figure 12).  All active samplers were installed inside the monitoring unit.


[image: image12.wmf]
Figure 12
Duke Energy monitoring station at Taylor town site


Two pumps (Thomas) used for active samplers were provided by Alberta Environment (ANEV). These pumps were equipped with adjustable low flow holders (SKC). Each pump’s flow was independently adjusted and measured by Northwinds Environment before and after sampling. One pump with an adjustable low flow holder (SKC) from Maxxam was used as a reference pump. This pump’s flow rate was adjusted and measured by Maxxam.


Duke Energy provided a flow calibrator (Bios International Corporation) used to measure the pumps’ flows. Meteorological data were collected by Westcoast Energy from the devices installed in the monitoring station. Sampling time was from 11:15 am of November 19 to 3:45 pm of November 21.

3.1 Monthly Trends

Triplicate PASS-H2S were installed in each location described in Section 2. Two PASS-H2S were sent to the field as travel blanks. All the PASS-H2S were freshly prepared by the Centre for Passive Sampling System of Maxxam Analytics Inc. (CPSS) and couriered to Northwinds at the end of every month. Upon receiving the PASS-H2S, Northwinds installed them immediately. At the same time, the exposed PASS-H2S were taken off from the rain shelters, packed into the containers and returned to the CPSS for analysis. A field sampling sheet for each station included in the shipment was filed and returned to the CPSS. The PASS-H2S’s start and end times were accurately recorded. Northwinds was responsible to provide local weather information.

After receiving the exposed PASS-H2S, they were logged and kept in a cooler at 4o C. The CPSS analyzed them within one week following the Maxxam standard operation procedure for the PASS-H2S.

3.2 Episode Study

Two stations had been selected to conduct the episode studies: the Newalta/Pembina site, on the plateau north of Taylor (Station 6), and one of the Taylor sites (Station 2). Both stations ranked highest in the average H2S concentrations of the 8 stations. When the air in Taylor gets stinky, both these locations would be expected to be affected. The purpose of this kind of study is to prove that the PASS-H2S can be used to identify odor problems related to the government objectives.


The criteria to identify the episode study period are listed below.

1. The overnight short-term passive samples were run on a night, which was expected to yield a stable atmospheric profile (thermal inversion) and very low wind speeds.  

2. The night chosen should be cold, calm, and clear when the region was under the influence of an Arctic High pressure system (anticyclonic conditions).  Large-scale subsidence and surface radiative cooling ensured a stable atmospheric condition.  

According to Environment Canada’s weather forecast, two periods of studies were conducted. The first short-term sample was collected overnight on Jan 27-28, 2002, from 18:10 to 9:30.  Temperatures varied between -25 and -32 Celsius, average relative humidity was 52%, and winds were generally from the North and varied between 4 and 7 kmph. The second short-term sample was collected overnight on February 15 – 16, 2002, from 23:00 to 10:00. The average temperature was around 1 Celsius, wind speed around 4 kmph, relative humidity 64%, and winds were generally from the South during this period. 

4.
RESULTERS AND DISCUSSION

4.1
Independent Validation 

4.1.1
Equations used to calculate H2S concentrations 

The following equation is used to calculated the H2S concentration in the atmosphere:



CH2S (ppb)=5.1*105* (Cs-Cb)/(Hr*Rs)                 
(1)
where , Cs and Cb are S-2 concentrations of sample and field blank obtained from lab analysis in ng/ml. Hr is the exposed time of the passive sampler in the field in hour.  Rs is the H2S sampling rate in ml/min.  The sampling rate is obtained by using Equation 2.



Rs=26.66T1/2-0.1038RH+0.0633WSP-361               
(2)



where   T = average temperature, K

          


RH = average relative humidity.




WSP = average wind speed, cm/sec.  If WSP>130, then WSP=130

4.1.2 
Results

Table 3 lists all analytical results provided by the Centre for Passive Sampling Technology, Maxxam Analytics Inc. Tables 4 and 5 list pumps’ flow rates measured by Northwinds Environment and the CPSS. 

Table 3 Analytical results provided by the Centre for Passive Sampling Technology

	
	S-2 Concentration   ng/ml

	Item
	1
	2
	3
	Average

	Passive
	12.50
	12.20
	10.40
	11.70

	Passive blank
	0.25
	0.35
	0.20
	0.27

	
	
	
	
	

	Active (Northwinds)
	13.65
	13.25
	
	13.45

	Active blank
	0.20
	0.20
	
	0.20

	
	
	
	
	

	Active (Maxxam)
	14.8
	
	
	14.8

	Active blank
	0.20
	
	
	0.20


Table 4 
Pump flow rates measured by Northwinds Environmental

	
	Pump flow rate      ml/min

	Item
	Pump I
	
	Pump II

	
	Before
	After
	
	Before
	After

	1
	121.2
	112.3
	
	Not recorded
	105.4

	2
	120.2
	109.4
	
	individual
	105.5

	3
	118.8
	112.6
	
	Number.
	105.4

	4
	121.3
	113.8
	
	
	105.3

	5
	121.4
	112.9
	
	Only 
	105.3

	6
	121.0
	112.0
	
	recorded
	105.4

	7
	120.7
	113.6
	
	final
	104.4

	8
	122.0
	113.9
	
	average
	105.5

	9
	120.6
	113.9
	
	number
	105.8

	10
	121.8
	113.6
	
	
	105.5

	Average*
	120.9
	112.8
	
	117.0
	105.4


* The average flow rate between “before and after sampling” was used in the final calculation.

Table 5   Pumps’ flow rates measured by the Centre for Passive Sampling Technology 


	Item
	Pump flow rate      ml/min

	
	Pump I

	
	Before
	After

	1
	108.9
	106.4

	2
	107.8
	106.8

	3
	108.9
	106.8

	4
	108.2
	107.1

	5
	108.6
	106.4

	6
	108.6
	106.8

	7
	108.6
	107.1

	8
	108.9
	106.8

	9
	108.6
	107.1

	10
	108.9
	106.4

	*Average
	108.6
	106.8


*The average flow rate between “before and after sampling” was used in the final calculation. The value was 107.7 ml/min.

Table 6 lists meteorological date during the exposure period. Total exposure time was 52.5 hours. The average H2S concentrations in air calculated based on all above information during the exposure period are listed in Table 7.

Table 6
Meteorological date during the exposure period

	Average Temperature  oC
	Average relative humidity    RH   %
	Average wind speed

m/s

	-0.5
	83.7
	1.4


Table 7
The average H2S concentrations in air around the Taylor Town station

	Item
	H2S concentration in air     ppb

	
	1
	2
	3
	Average
	Standard Deviation

	Passive
	1.55
	1.50
	1.29
	1.45
	0.14

	Active

(Northwinds)
	1.17
	1.20
	
	1.19
	0.01

	Active (Maxxam)
	1.37
	
	
	1.37
	


4.1.3
Discussions

Table 7 lists the H2S concentrations obtained by active and passive samplers. It can be seen that the relative deviation between the active (Northwinds) and the passive samplers is about 18%, which is acceptable for such a low concentration measurement.  However, the relative deviation between the active (Maxxam) and passive samplers is only about 10%, which is better than the variation between the active (Northwinds) samplers and passive samplers. We believe it is the use of the different pumps in this study that caused the difference. The pumps’ flow rates provided by ANEV changed significantly from initial to final readings (see Table 3). At this moment, we do not know if the ANEV pumps' flow changes were linear or occurred over a short period, perhaps within several hours. If the flow changes occurred within several hours, the flow rate should approach the lower values. Thus, the H2S concentrations obtained by the active (Northwinds) samplers would be expected to be higher. 

4.2
Monthly Trends

4.2.1
H2S ambient concentrations at the 8 stations

The 12 monthly H2S ambient concentrations at the 8 stations obtained by the PASS-H2S from June 2001 to May 2002 are listed in Tables 8 to 15 and shown in Figure 13. The average monthly H2S ambient concentrations at the 8 stations are shown in Figure 16. In station 1, there is a continuous H2S analyzer. In this report, we do not include a comparison between the PASS-H2S and the continuous H2S analyzer since an early study has revealed that the continuous H2S analyzer is easily interfered by other sulphur compounds (8). 

Table 8

H2S ambient concentrations at Station 1 from June 2001 to May 2002  

	ID
	 
	 
	 
	 
	H2S        ppb
	 
	 
	 
	 
	 
	 

	 
	Jun-01
	Jul-01
	Aug-01
	Sep-01
	Oct-01
	Nov-01
	Dec-01
	Jan-02
	Feb-02
	Mar-02
	Apr-02
	May-02

	S1-1
	0.22
	0.36
	0.18
	0.55
	0.05
	0.41
	0.07
	0.07
	0.07
	0.45
	0.79
	0.54

	S1-2
	0.23
	0.25
	0.20
	0.52
	0.06
	0.41
	0.07
	0.07
	0.07
	0.47
	0.86
	0.51

	S1-3
	0.19
	0.28
	0.18
	0.59
	0.08
	0.44
	0.07
	0.07
	0.07
	0.49
	0.86
	0.52

	Average
	0.21
	0.30
	0.19
	0.55
	0.06
	0.42
	0.07
	0.07
	0.07
	0.47
	0.84
	0.52

	Stdev%
	10
	19
	6
	6
	21
	4
	0
	0
	0
	4
	4
	3


Table 9

H2S ambient concentrations at Station 2 from June 2001 to May 2002 

	ID
	 
	 
	 
	 
	H2S        ppb
	 
	 
	 
	 
	 
	 

	 
	Jun-01
	Jul-01
	Aug-01
	Sep-01
	Oct-01
	Nov-01
	Dec-01
	Jan-02
	Feb-02
	Mar-02
	Apr-02
	May-02

	S2-1
	0.67
	0.68
	1.16
	1.07
	0.60
	0.92
	NA
	0.98
	1.09
	1.06
	1.00
	0.74

	S2-2
	0.6
	0.64
	1.15
	0.89
	NA
	0.97
	NA
	0.92
	1.29
	1.18
	1.00
	0.74

	S2-3
	0.41
	0.66
	1.13
	0.97
	0.63
	0.88
	0.85
	0.99
	1.28
	1.06
	0.83
	0.75

	Average
	0.56
	0.66
	1.15
	0.98
	0.61
	0.92
	0.85
	0.96
	1.22
	1.10
	0.94
	0.74

	Stdev%
	24
	3
	1
	9
	3
	5
	NA
	4
	9
	7
	11
	1


Table 10

H2S ambient concentrations at Station 3 from June 2001 to May 2002

	ID
	 
	 
	 
	 
	H2S        ppb
	 
	 
	 
	 
	 
	 

	 
	Jun-01
	Jul-01
	Aug-01
	Sep-01
	Oct-01
	Nov-01
	Dec-01
	Jan-02
	Feb-02
	Mar-02
	Apr-02
	May-02

	S3-1
	0.59
	0.61
	0.30
	0.34
	0.24
	0.29
	1.05
	0.92
	0.48
	0.29
	0.47
	0.27

	S3-2
	0.44
	0.61
	0.26
	0.33
	0.24
	0.30
	1.00
	0.91
	0.53
	0.27
	0.51
	0.27

	S3-3
	0.54
	0.63
	0.28
	0.37
	0.24
	0.29
	1.11
	0.91
	0.47
	0.27
	0.52
	0.26

	Average
	0.52
	0.62
	0.28
	0.35
	0.24
	0.29
	1.05
	0.91
	0.49
	0.28
	0.50
	0.27

	Stdev%
	15
	2
	7
	6
	1
	2
	5
	1
	7
	5
	6
	2


Table 11

H2S ambient concentrations at Station 4 from June 2001 to May 2002

	ID
	 
	 
	 
	 
	H2S        ppb
	 
	 
	 
	 
	 
	 

	 
	Jun-01
	Jul-01
	Aug-01
	Sep-01
	Oct-01
	Nov-01
	Dec-01
	Jan-02
	Feb-02
	Mar-02
	Apr-02
	May-02

	S4-1
	0.3
	0.26
	0.28
	0.26
	0.13
	0.19
	0.51
	0.66
	0.29
	0.29
	0.49
	0.25

	S4-2
	0.25
	0.29
	0.24
	0.27
	0.14
	0.20
	0.59
	0.59
	0.30
	0.29
	0.54
	0.29

	S4-3
	0.29
	0.26
	0.27
	0.27
	0.13
	0.22
	0.57
	0.75
	0.29
	0.29
	0.49
	0.29

	Average
	0.28
	0.27
	0.26
	0.27
	0.14
	0.20
	0.56
	0.67
	0.29
	0.29
	0.50
	0.28

	Stdev%
	9
	6
	8
	2
	5
	8
	7
	12
	2
	0
	6
	8


Table 12

H2S ambient concentrations at Station 5 from June 2001 to May 2002

	ID
	 
	 
	 
	 
	H2S        ppb
	 
	 
	 
	 
	 
	 

	 
	Jun-01
	Jul-01
	Aug-01
	Sep-01
	Oct-01
	Nov-01
	Dec-01
	Jan-02
	Feb-02
	Mar-02
	Apr-02
	May-02

	S5-1
	0.38
	0.35
	0.27
	0.38
	0.15
	0.21
	0.46
	0.55
	0.33
	0.28
	0.52
	0.19

	S5-2
	0.22
	0.29
	0.25
	0.37
	0.17
	0.25
	0.48
	0.41
	0.30
	0.28
	0.53
	0.17

	S5-3
	0.2
	0.34
	0.28
	0.36
	0.14
	0.21
	0.49
	0.47
	0.34
	0.29
	0.56
	0.18

	Average
	0.27
	0.33
	0.27
	0.37
	0.15
	0.23
	0.48
	0.48
	0.32
	0.28
	0.54
	0.18

	Stdev%
	37
	10
	6
	3
	9
	10
	3
	15
	5
	2
	4
	6


Table 13

H2S ambient concentrations at Station 6 from June 2001 to May 2002

	ID
	 
	 
	 
	 
	H2S        ppb
	 
	 
	 
	 
	 
	 

	 
	Jun-01
	Jul-01
	Aug-01
	Sep-01
	Oct-01
	Nov-01
	Dec-01
	Jan-02
	Feb-02
	Mar-02
	Apr-02
	May-02

	S6-1
	1.08
	NA
	0.56
	1.86
	2.94
	4.38
	8.89
	2.86
	3.09
	1.36
	1.57
	1.24

	S6-2
	1.19
	1.06
	0.61
	1.69
	NA
	4.27
	11.35
	2.72
	3.06
	1.45
	1.54
	1.24

	S6-3
	NA
	0.98
	0.60
	1.85
	3.12
	4.39
	8.58
	2.76
	3.04
	1.40
	1.56
	1.31

	Average
	1.14
	1.02
	0.59
	1.80
	3.03
	4.35
	9.61
	2.78
	3.06
	1.40
	1.56
	1.26

	Stdev%
	7
	6
	4
	5
	4
	1
	16
	3
	1
	3
	1
	3


Table 14

H2S ambient concentrations at Station 7 from June 2001 to May 2002

	ID
	 
	 
	 
	 
	H2S        ppb
	 
	 
	 
	 
	 
	 

	 
	Jun-01
	Jul-01
	Aug-01
	Sep-01
	Oct-01
	Nov-01
	Dec-01
	Jan-02
	Feb-02
	Mar-02
	Apr-02
	May-02

	S7-1
	0.69
	0.58
	0.48
	0.58
	0.13
	1.33
	1.52
	0.60
	0.78
	0.64
	1.32
	0.34

	S7-2
	0.84
	0.73
	0.49
	0.63
	0.07
	1.35
	1.47
	0.58
	0.78
	0.62
	1.24
	0.33

	S7-3
	0.82
	0.7
	0.52
	0.58
	0.06
	1.61
	1.44
	0.58
	0.77
	0.66
	1.28
	0.36

	Average
	0.78
	0.67
	0.50
	0.60
	0.09
	1.43
	1.48
	0.58
	0.78
	0.64
	1.28
	0.34

	Stdev%
	10
	12
	4
	5
	41
	11
	3
	2
	1
	3
	3
	4


Table 15

H2S ambient concentrations at Station 8 from June 2001 to May 2002

	ID
	 
	 
	 
	 
	H2S        ppb
	 
	 
	 
	 
	 
	 

	 
	Jun-01
	Jul-01
	Aug-01
	Sep-01
	Oct-01
	Nov-01
	Dec-01
	Jan-02
	Feb-02
	Mar-02
	Apr-02
	May-02

	S8-1
	0.18
	0.28
	0.45
	0.29
	0.02
	0.29
	0.58
	0.49
	0.39
	0.26
	0.52
	0.17

	S8-2
	0.10
	0.25
	0.48
	0.27
	0.04
	0.25
	0.58
	0.51
	0.37
	0.24
	0.54
	0.16

	S8-3
	0.15
	0.29
	0.44
	0.28
	0.03
	0.25
	0.59
	0.55
	0.40
	0.25
	0.50
	0.18

	Average
	0.14
	0.27
	0.46
	0.28
	0.03
	0.26
	0.58
	0.52
	0.39
	0.25
	0.52
	0.17

	Stdev%
	28
	8
	5
	4
	22
	9
	0
	6
	3
	4
	4
	6
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Figure 13 
Comparisons of H2S ambient concentrations at the 8 stations 

(In the Figure, Series = Station)

Table 16 Average monthly H2S ambient concentrations at 8 stations

	 
	 
	 
	H2S   ppb
	 
	 
	 
	 

	Station 1
	Station 2
	Station 3
	Station 4
	Station 5
	Station 6
	Station 7
	Station 8

	0.31
	0.89
	0.48
	0.33
	0.32
	2.61
	0.76
	0.32

	
	
	
	
	
	
	
	


From Tables 8-16 and Figure 12, it can be seen that Station 6 and Station 2 had relative higher H2S concentrations. In reviewing the station locations, the above results are clearly reasonable.


Station 6 is located approximately 22 km south east of Fort St. John in a rural area.  Pembina has an oil terminal 1 km to the west along with Newalta’s liquid waste processing facility. There is also a high volume of heavy duty truck traffic carrying crude oil, condensate, produced water and waste liquids to these facilities. Therefore it is not surprised that the highest H2S ambient concentration was detected in this area. From waste management point of view, Station 6 is a potential location to install a continuous monitor device. Some management actions might also be needed to reduce the emission of H2S to the atmosphere.


Station 2 is located in the Peace River Valley 1.4 Km east of Taylor next to a golf course. The Peace River hills flank the north side and Fibroco (pulp mill), Solex and Duke Energy’s gas processing plant extend to the south. The valley topography contributes to the higher H2S ambient concentrations,


It is very interesting to see that there were higher H2S concentrations found in Station 7 in November and December of 2001.  This trend is the same as that at Station 6. The potential link in these two months between Stations 6 and 7 could be changing emission rates since the tend is not seen in most of the other stations. A further investigation is needed in order to reveal the reasons.   

4.2.2 
Quality of the PASS-H2S data

The triplicate PASS-H2S’s standard deviations are shown in Table 17. The polled relative standard deviation is only 7%. 90% of the relative standard deviations are less than 15% (see Figure 14). These results show that precision of the PASS-H2S is very satisfactory.

Table 17
Triplicate PASS-H2S relative standard deviations   


	
	 
	 
	 
	 
	Stdev  %
	 
	 
	 
	 
	 
	 

	St#
	Jun-01
	Jul-01
	Aug-01
	Sep-01
	Oct-01
	Nov-01
	Dec-01
	Jan-02
	Feb-02
	Mar-02
	Apr-02
	May-02

	1
	10
	19
	6
	6
	21
	4
	0
	0
	0
	4
	4
	3

	2
	24
	3
	1
	9
	3
	5
	NA
	4
	9
	7
	11
	1

	3
	15
	2
	7
	6
	1
	2
	5
	1
	7
	5
	6
	2

	4
	9
	6
	8
	2
	5
	8
	7
	12
	2
	0
	6
	8

	5
	37
	10
	6
	3
	9
	10
	3
	15
	5
	2
	4
	6

	6
	7
	6
	4
	5
	4
	1
	16
	3
	1
	3
	1
	3

	7
	10
	12
	4
	5
	41
	11
	3
	2
	1
	3
	3
	4

	8
	28
	8
	5
	4
	22
	9
	0
	6
	3
	4
	4
	6
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Figure 14 
Distribution of the PASS-H2S relative standard deviations

(In the Figure, Series = Station)

4.3
Episode Study

The episode study results are show in Tables 18 and 19. Table 18 lists the January study results, and Table 19 is for the February results.

Table 18
 Overnight study for January 27 –28, 2002 

	Station
	H2S ppb

	2-1
	4.82

	2-2
	4.66

	2-3
	4.97

	Average
	4.82

	Stdev%
	3

	6-1
	7.80

	6-2
	6.67

	6-3
	8.64

	Average
	7.70

	Stdev%
	13


Table 19
Overnight study for February 15 – 16, 2002

	Station
	H2S ppb

	2-1
	1.49

	2-2
	1.69

	2-3
	1.69

	Average
	1.62

	Stdev%
	7

	6-1
	1.65

	6-2
	Empty

	6-3
	1.73

	Average
	1.69

	Stdev%
	3


 
From the 12 months’ studies, it can be seen that the average annual H2S concentration in Station 2 is about 0.9 ppb, and 1.46 ppb in station 6 (except cold months). These numbers can be used as the background H2S concentrations in these areas. BC government’s ambient standards for H2S are 5 ppb/hour and 3 ppb/24 hours. It is clear that on February 26-27, both stations 2 and 6’ H2S concentrations had violated the BC ambient air pollution daily and hourly standards. Feb 15 – 16’s study indicated that there might be a risk of hourly violation. The reasons can be explained as follows.


Station 1’s background H2S level is 0.9 ppb. If the H2S concentration in one hour was high than 5 ppb and the rest hours were 0.9 ppb, the average H2S concentration in 12 hours should be 1.24 ppb. The ambient H2S concentration during the study period obtained by the PASS-H2S was 1.62 ppb. Therefore, there might be an hourly violation. 

5.
CONCLUSIONS

This project has demonstrated that the PASS-H2S technology can be a useful tool in the H2S management. This technology can be used to directly assess violation of a daily H2S objective and indirectly assess hourly H2S exceedances. From a long term network monitoring, the H2S results obtained by the PASS-H2S technology can be used to assist air quality managers to plan their monitoring and pollution prevention strategies.

6.
RECOMMENDATIONS

Based on BC government’s H2S standards, potential specific applications of the PASS-H2S technology are recommended as follows.

*
Fence-line or nearest-residence episode monitoring around H2S sources, including well sites, small oil and gas processing facilities, pipelines and batteries, to detect potential exceedances of hourly objectives.

Management responses could be immediate source reductions for severe or frequent exceedances, continuous monitoring to identify severity, prioritization of facilities for monitoring or source reduction.

*
Monitoring in concentrated source areas to identify, along with wind direction monitoring, individual sources for more intensive ambient or source monitoring or reductions.

*
Monitoring of baseline levels in areas slated for future expanded development.

*
Monitoring of trends to establish priorities for management actions.
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