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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION ACTIVITIES.  IT IS NOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND EXPERIENCE.  IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE.  BRC CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES, CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
1.0 INTRODUCTION

The purpose of this Standard Operating Procedure (SOP) is to describe the procedure for using a photoionization detector (PID). The PID is a portable, nonspecific, vapor/gas detector employing the principle of photoionization to detect a variety of chemical compounds in air. A PID is capable of detecting and measuring real-time concentrations of many organic and inorganic vapors in air. A PID is similar to a flame ionization detector (FID) in application; however, the PID has somewhat broader capabilities in that it can detect certain inorganic vapors. Conversely, the PID is unable to respond to certain low molecular weight hydrocarbons, such as methane and ethane, which are readily detected by FID instruments.
The PID employs the principle of photoionization. The analyzer will respond to most vapors that have an ionization potential less than or equal to that supplied by the ionization source, which is an ultraviolet (UV) lamp. Photoionization occurs when an atom or molecule absorbs a photon of sufficient energy to release an electron and form a positive ion. This will occur when the ionization potential of the molecule in electron volts (eV) is less than the energy of the photon. The sensor is housed in a probe and consists of a sealed ultraviolet light source that emits photons with an energy level high enough to ionize many trace organics, but not enough to ionize the major components of air (e.g., nitrogen, oxygen, carbon dioxide). The ionization chamber exposed to the light source contains a pair of electrodes, one a bias electrode, and the second the collector electrode. When a positive potential is applied to the bias electrode, an electro-magnetic field is created in the chamber. Ions formed by the adsorption of photons are driven to the collector electrode. The current produced is then measured and the corresponding concentration displayed on a meter, directly, in units above background. Several probes are available for the PID, each having a different eV lamp and a different ionization potential. The selection of the appropriate probe is essential in obtaining useful field results. Though it can be calibrated to a particular compound, the instrument cannot distinguish between detectable compounds in a mixture of gases and, therefore, indicates an integrated response to the mixture.
Three probes, each containing a different UV light source, are available for use with the PID instrument are 9.5, 10.2, and 11.7 eV. All three detect many aromatic and large molecular hydrocarbons. The 10.2 eV and 11.7 eV probes, in addition, detect some smaller organic molecules and some halogenated hydrocarbons. The 10.2 eV probe is the most useful for environmental response work, as it is more durable than the 11.7 eV probe and detects more compounds than the 9.5 eV probe. Gases with ionization potentials near to or less than that of the lamp will be ionized. These gases will thus be detected and measured by the analyzer. Gases with ionization potentials higher than that of the lamp will not be detected. Ionization potentials for volatile site-related chemicals are given in Attachment 1.
Typically for the project two PIDs will be used in the field. One PID will employ a 10.2 eV probe, and the other will employ a 11.7 eV probe. 
2.0 DEFINITIONS

None.

3.0 RESPONSIBILITIES

The following is a general description of responsibilities related to calibration and operating procedures for the PID used for field monitoring.

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager [C.E.M.]) is responsible for identifying the appropriate PID equipment necessary to adequately define the parameters.

The Health and Safety Coordinator will work with the Project Manager in identifying the appropriate safety equipment. The Health and Safety Coordinator will also perform audits to observe field personnel using the PID. If the PID is not being used properly, the Health and Safety Coordinator will provide the necessary training and resources.

The Field Team Leader (FTL) (a qualified Nevada C.E.M.) is responsible for including a refresher course on the proper use, calibration, and maintenance of the PID to be used on the project as part of the kick‑off meeting. The FTL will ensure on a daily basis that all field team members properly use the PID through the duration of the project.

Field team members are to follow the procedure listed below. The field team members will be responsible for carefully reviewing instruction manuals for the PID to be used on the project. All field team members will be required to sign a form indicating that they know how to properly operate the PID that will be used on their project.

This SOP provides a general description of the calibration and operating procedures defined in the manufacturer’s instruction manual, which accompanies each PID. This SOP should be used as a general reference and the manufacturer’s instruction manual should be followed at all times by field team members when using the PID.
Other SOPs that reference use of PIDs are SOP-3 (Groundwater Monitoring Well Development), SOP-13 (Operating and Calibration Procedures - Field Equipment), SOP-14 (Field Documenta​tion), SOP-17 (Soil Logging), SOP-18 (Soil Sampling for VOCs Using EnCore™ Samplers), SOP-30 (Field Analytical Procedure), and SOP-37 (Active Soil Gas Investigation).
4.0 GUIDELINES
4.1 Interferences and Limitations
The following identifies some of the potential interferences and limitations with the PID instrument:

1. The PID is a nonspecific total vapor detector. It cannot be used to identify unknown substances; it can only roughly quantify them.
2. Certain toxic gases and vapors, such as hydrogen cyanide, have high ionization potentials and cannot be detected with a PID.
3. It does not detect a compound if the probe used has a lower energy level than the compound’s ionization potential, and response may change when gases are mixed.

4. Readings can be reported only relative to the calibration standard used.

5. Total concentrations are relative to the calibration gas used. Therefore, contaminant concentrations cannot be identified. Also, while the instrument scale reads 0 to 2,000 parts per million (ppm), response is linear to the calibration gas. 

6. Electrical power lines or power transformers may cause interference with the instrument and thus cause measurement errors. Static voltage sources such as power lines, radio transmissions, or transformers may also interfere with measurements.
7. High winds and high humidity will affect measurement readings. The PID instrument may become unusable under foggy or humid conditions. An indication of this is the needle dropping below zero, or a slow constant climb on the read-out dial.

8. The lamp window must be periodically cleaned to ensure ionization of the new compounds by the probe (i.e., new air contaminants).
9. This instrument is not to be exposed to precipitation (rain). The units are not designed for this service.
10. Do not use this instrument for head space analysis where liquids can inadvertently be drawn into the probe.

11. Transport of calibration gas cylinders by passenger and cargo aircraft must comply with International Air Transport Association (IATA) Dangerous Goods Regulations or the U.S. Code of Federal Regulations, 49 CFR Parts 100-177. A typical calibration gas included with a PID is isobutylene. It is classified as a non-flammable gas, UN #1556 and the proper shipping name is Compressed Gas. It must be shipped by cargo aircraft only.

4.2 Calibration
There are two steps to the calibration: fresh air and a span calibration to a standard gas. See the operation manual for the specific model being used. Calibration events will be documented in a logbook. Documentation will include the date inspected, person responsible for calibrating the instrument, the instrument number, calibration results, calibration gas information (source, type, concentration).
4.3 Field Operation
1.  Unpack the instrument carefully. Unclamp the fasteners on the instrument cover from the main readout assembly. Remove the inner lid from the instrument cover by pulling out the two one‑quarter turn fasteners. Remove the probe, handle, and cable from the instrument cover. Attach the handle and probe extension to the probe.

2.  Allow the temperature of the unit to equilibrate to its surrounding. This should take about five minutes.

3.  All readings are to be recorded in the site logbook. Readings should be recorded, following background readings, as "units above background," not ppm.

4.  As with any field instrument, accurate results depend on the operator being completely familiar with the operator's manual. The instructions in the operating manual should be followed explicitly in order to obtain accurate results.

5.  Position the probe assembly close to the area to be monitored because the low sampling rate allows for only very localized readings. Under no circumstances should the probe tip assembly be immersed in fluid.

6.  While taking care to prevent the PID from being exposed to excessive moisture, dirt, or contamination, monitor the work activity as specified in the site Health and Safety Plan. The PID survey should be conducted at a slow to moderate rate of speed and the intake assembly (the probe) slowly swept from side to side. There is a three to five second delay in read-out depending upon the instruments sensitivity to the contaminant.
7.  During drilling activities, PID monitoring is performed at regular intervals downhole, at the headspace, and in the breathing zone. In addition, where elevated organic vapor levels are encountered, monitoring may be performed in the breathing zone during actual drilling. When the activity being monitored is other than drilling, readings should emphasize breathing zone conditions.

8.  When the activity is completed or at the end of the day, carefully clean the outside of the PID with a damp disposable towel to remove any visible dirt.

4.4 Post Operation
1.  Turn instrument to OFF.

2.  Return the PID to a secure area and check the calibration before charging. Connect the instrument to charger and plug in the charger. The probe must be connected to the readout unit to ensure that the unit accepts a charge.
3.  Complete logbook entries, verifying the accuracy of entries and signing/initialing all pages. Following completion of a series of "0" readings, verify the instrument is working.

4.  Check the equipment, repair or replace damaged equipment, and charge the batteries.
4.5 Maintenance
1.  Perform routine calibration prior to each use and at the end of each day.
2.  Factory calibrate yearly, when malfunctioning, when the span setting exceeds the maximum span setting for the probe in use, and after the UV light source has been replaced.
3.  Clean the main readout assembly after each use. Thoroughly decontaminate the instrument at the completion of the project.
4.  Recharge the battery daily.
5.  Care should be taken when sampling over solids and liquids so that it is not drawn into the instrument.
Attachment 1
IONIZATION POTENTIALS for VOLATILE SITE-RELATED CHEMICALS
	Ionization Potentials for Volatile Site-Related Chemicals

	
	
	
	
	

	Parameter of
	Analytical
	
	CAS
	Ionization

	Interest
	Method
	Compound List
	Number
	Potential (eV)

	Ions
	EPA 300.0
	Bromide
	24959-67-9
	n.p.

	
	
	Bromine
	7726-95-6
	10.52

	
	
	Chlorate
	14866-68-3
	n.p.

	
	
	Chloride
	16887-00-6
	n.p.

	
	
	Chlorine
	7782-50-5
	11.48

	
	
	Chlorite
	14998-27-7
	n.p.

	
	
	Fluoride
	16984-48-8
	n.p.

	
	
	Nitrate (as N)
	14797-55-8
	n.p.

	
	
	Nitrite (as N)
	14797-65-0
	n.p.

	
	
	Orthophosphate
	14265-44-2
	n.p.

	
	
	Sulfate
	14808-79-8
	n.p.

	
	EPA 377.1
	Sulfite
	14265-45-3
	n.p.

	
	EPA 314.0
	Perchlorate
	14797-73-0
	n.p.

	Dissolved
	RSK 175
	Ethane
	74-84-0
	11.52

	Gases
	
	Ethylene
	74-85-1
	10.51

	
	
	Methane
	74-82-8
	12.61

	General
	EPA 350.2
	Ammonia
	7664-41-7
	10.07

	Chemistry
	EPA 335.1/335.2
	Cyanide
	57-12-5
	13.6

	
	EPA 345.1
	Iodine
	7553-56-2
	9.31

	Aldehydes
	EPA 8315A
	Acetaldehyde   
	75-07-0
	10.23

	
	
	Chloroacetaldehyde
	107-20-0
	10.61

	
	
	Dichloroacetaldehyde
	79-02-7
	10.5

	
	
	Formaldehyde
	50-00-0
	10.88

	
	
	Trichloroacetaldehyde
	75-87-6
	10.9

	Volatile
	EPA 8260B
	1,1,1,2-Tetrachloroethane
	630-20-6
	11.1

	Organic
	
	1,1,1-Trichloroethane
	71-55-6
	11.25

	Compounds
	
	1,1,2,2-Tetrachloroethane
	79-34-5
	11.10

	
	
	1,1,2-Trichloroethane
	79-00-5
	11.0

	
	
	1,1-Dichloroethane
	75-34-3
	11.04

	
	
	1,1-Dichloroethene
	75-35-4
	9.81

	
	
	1,1-Dichloropropene
	563-58-6
	n.p.

	
	
	1,2,3-Trichlorobenzene
	87-61-6
	9.18

	
	
	1,2,3-Trichloropropane
	96-18-4
	n.p.

	
	
	1,2,4-Trichlorobenzene
	120-82-1
	9.04

	
	
	1,2,4-Trimethylbenzene
	95-63-6
	8.27

	
	
	1,2-Dichlorobenzene
	95-50-1
	9.06

	
	
	1,2-Dichloroethane
	107-06-2
	11.07

	
	
	1,2-Dichloropropane
	78-87-5
	10.8

	
	
	1,3,5-Trichlorobenzene
	108-70-3
	9.3

	
	
	1,3,5-Trimethylbenzene
	108-67-8
	8.4

	
	
	1,3-Dichlorobenzene
	541-73-1
	9.1

	
	
	1,3-Dichloropropene
	542-75-6
	n.p.

	Volatile
	EPA 8260B
	1,3-Dichloropropane
	142-28-9
	10.89

	Organic
	
	1,4-Dichlorobenzene
	106-46-7
	8.92

	Compounds
	
	2,2-Dichloropropane
	594-20-7
	n.p.

	(continued)
	
	2,2-Dimethylpentane
	590-35-2
	n.p.

	
	
	2,2,3-Trimethylbutane
	464-06-2
	n.p.

	
	
	2,3-Dimethylpentane
	565-59-3
	n.p.

	
	
	2,4-Dimethylpentane
	108-08-7
	n.p.

	
	
	2-Chlorotoluene
	95-49-8
	8.72

	
	
	2-Hexanone
	591-78-6
	9.35

	
	
	2-Methylhexane
	591-76-4
	n.p.

	
	
	2-Nitropropane
	79-46-9
	10.74

	
	
	3,3-Dimethylpentane
	562-49-2
	n.p.

	
	
	3-Ethylpentane
	617-78-7
	n.p.

	
	
	3-Methylhexane
	589-34-4
	n.p.

	
	
	4-Chlorotoluene
	106-43-4
	8.69

	
	
	4-Methyl-2-pentanone (MIBK)
	108-10-1
	9.3

	
	
	Acetone
	67-64-1
	9.7

	
	
	Acetonitrile
	75-05-8
	12.2

	
	
	Benzene
	71-43-2
	9.24

	
	
	Bromobenzene
	108-86-1
	9.0

	
	
	Bromodichloromethane
	75-27-4
	10.6

	
	
	Bromoform
	75-25-2
	10.5

	
	
	Bromomethane
	74-83-9
	10.54

	
	
	Carbon disulfide
	75-15-0
	10.07

	
	
	Carbon tetrachloride
	56-23-5
	11.47

	
	
	Chlorobenzene
	108-90-7
	9.07

	
	
	Chlorobromomethane
	74-97-5
	10.77

	
	
	Chloroethane
	75-00-3
	10.98

	
	
	Chloroform
	67-66-3
	11.37

	
	
	Chloromethane
	74-87-3
	11.26

	
	
	cis-1,2-Dichloroethene
	156-59-2
	9.66

	
	
	cis-1,3-Dichloropropene
	10061-01-5
	n.p.

	
	
	Cymene (Isopropyltoluene)
	99-87-6
	8.29

	
	
	Dibromochloroethane
	73506-94-2
	n.p.

	
	
	Dibromochloromethane
	124-48-1
	10.59

	
	
	Dibromochloropropane
	96-12-8
	n.p.

	
	
	Dibromomethane
	74-95-3
	10.41

	
	
	Dichloromethane (Methylene chloride)
	75-09-2
	11.33

	
	
	Dimethyldisulfide
	624-92-0
	7.4

	
	
	Ethanol
	64-17-5
	10.48

	
	
	Ethylbenzene
	100-41-4
	8.77

	
	
	Freon-11
	75-69-4
	11.68

	Volatile
	EPA 8260B
	Freon-113
	76-13-1
	11.99

	Organic
	
	Freon-12
	75-71-8
	12.26

	Compounds
	
	Heptane
	142-82-5
	9.93

	(continued)
	
	Isoheptane
	31394-54-4
	n.p.

	
	
	Isopropylbenzene
	98-82-8
	8.73

	
	
	m-Xylene
	108-38-3
	8.55

	
	
	Methyl ethyl ketone (2-Butanone)
	78-93-3
	9.52

	
	
	Methyl iodide
	74-88-4
	9.54

	
	
	MTBE (Methyl tert-butyl ether)
	1634-04-4
	9.24

	
	
	n-Butyl benzene
	104-51-8
	8.69

	
	
	n-Propylbenzene
	103-65-1
	8.71

	
	
	Nonanal
	124-19-6
	n.p.

	
	
	o-Xylene
	95-47-6
	8.56

	
	
	p-Xylene
	106-42-3
	8.44

	
	
	sec-Butylbenzene
	135-98-8
	8.68

	
	
	Styrene 
	100-42-5
	8.46

	
	
	tert-Butyl benzene
	98-06-6
	8.68

	
	
	Tetrachloroethene
	127-18-4
	9.33

	
	
	Toluene
	108-88-3
	8.83

	
	
	trans-1,2-Dichloroethene
	156-60-5
	9.64

	
	
	trans-1,3-Dichloropropene
	10061-02-6
	n.p.

	
	
	Trichloroethene
	79-01-6
	9.46

	
	
	Vinyl acetate
	108-05-4
	9.2

	
	
	Vinyl chloride
	75-01-4
	9.99

	
	
	Tentatively Identified Compounds (TICs)
	--
	--

	Semi-Volatile
	EPA 8270C
	1,2,4,5-Tetrachlorobenzene
	95-94-3
	9

	Organic
	
	1,4-Dioxane
	123-91-1
	9.19

	Compounds
	
	2-Methylnaphthalene
	91-57-6
	7.91

	
	
	Acenaphthene
	83-32-9
	7.75

	
	
	Acenaphthylene
	208-96-8
	8.12

	
	
	Acetophenone
	98-86-2
	9.28

	
	
	Aniline
	62-53-3
	7.72

	
	
	Anthracene
	120-12-7
	7.44

	
	
	Benzo(a)anthracene
	56-55-3
	7.45

	
	
	Benzo(a)pyrene
	50-32-8
	7.12

	
	
	Benzo(g,h,i)perylene
	191-24-2
	7.17

	
	
	Chrysene
	218-01-9
	7.6

	
	
	Dibenzo(a,h)anthracene
	53-70-3
	7.39

	
	
	Diphenyl sulfide
	139-66-2
	7.85

	
	
	Diphenyl sulfone
	127-63-9
	9.16

	
	
	Fluoranthene
	206-44-0
	7.9

	
	
	Fluorene
	86-73-7
	7.91

	Semi-Volatile
	EPA 8270C
	Hexachlorobenzene
	118-74-1
	9

	Organic
	
	m,p-Cresol
	106-44-5
	8.34

	Compounds
	
	Naphthalene
	91-20-3
	8.14

	(continued)
	
	Nitrobenzene
	98-95-3
	9.94

	
	
	o-Cresol
	95-48-7
	8.24

	
	
	Pentachlorobenzene
	608-93-5
	8.8

	
	
	Phenanthrene
	85-01-8
	7.89

	
	
	Phenol
	108-95-2
	8.49

	
	
	Pyrene
	129-00-0
	7.43

	
	
	Pyridine
	110-86-1
	9.26

	
	
	Thiophenol
	108-98-5
	8.3

	
	
	All other SVOCs
	108-98-5
	n.p.


Notes:


n.p. - not published.


Source: National Institute of Standards and Technology (NIST) Chemistry WebBook (http://webbook.nist.gov).
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