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 1.0 INTRODUCTION

We have developed a new Multisensor Portable Analyzer for the analysis of VOCs, combustible & toxic gases.  
2.0 Applications
3.0 Photoionization

ppm or ppb Range

    In 1974, the  first  commercial photoionization (PID)  instrument was  developed  by  HNU Systems, Inc. ( ). The process of ionization which occurs when a photon of sufficient energy is absorbed by a molecule and results in the formation of an ion plus an electron as shown below:

R + hn Þ   R+ + e -
where:

R = an ionizable species

hn= a photon with sufficient energy to ionize species R

In the ion chamber, the ions (R+) formed by absorption of the UV photons are collected by applying a positive potential to the accelerating electrode and measuring the current at the collection electrode. A PID consists of an ion chamber, a UV lamp with sufficient energy to ionize organic and inorganic compounds, a voltage source for the accelerating electrode, an amplifier and a readout. A schematic of a PID is shown in Fig.  3. A photo of two of the HNU photoionization instruments are shown in Fig. 4 a & b. 

The PI101 was used at the Love Canal site in 1975 and thousands of hazardous waste sites worldwide since that time. It is still in use today because of its simplicity and rugged design. Many of the instruments produced 15-20 years ago are still in use today. It has been replaced by a new Analyzer in 2002, the Model 102 (Fig. 4). 
Fig. 3 Schematic of a PID

A list of some of the major constituents in air, ionization potentials (IP's)  along with some of the toxic components at a hazardous waste site are shown in Table II. The IP is the  energy (eV) required to move an electron to an infinite distance from the nucleus thus creating a positive ion plus an electron. Note that all of the major components of air have IP's above 12 eV. As a result, they will not be ionized by the 

Fig. 4 Photo of HNU PID
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10.2 or 11.7 eV lamps. The response for the photoionization analyzer will then be the sum of the organic and inorganic compounds in air that are ionized by the appropriate lamp (9.5, 10.2, or 11.7 eV). A list of ionization potentials and responses for 9.5, 10.2 and 11.7eV lamps are given in Table III. 
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What compounds will the 10.2 eV lamp respond to? Generally, the response will extend to compounds with IP’s up to 0.3 eV higher than 10.2 or 10.5 eV. The 10.2 eV lamp will respond to H2S which has an IP of 10.5 eV. While most of the measurement with a PID can be done with a 10.2 eV lamp, the 9.5 eV lamp does provide more selectivity (responds to fewer compounds) and the 11.7 eV lamp will respond to more

compounds as shown in Fig. 5. The chloroalkanes, in particular, are of interest to measure at a hazardous waste site since these compounds do not have a very high response on the FID. A list of the ionization

potentials, and  response factors for the 9.5, 10.2 and 11.7 eV lamps are given in Table III.

Table II

Ionization Potentials of Major and Minor components in Air
	Compound
	IP (eV)
	PID Response
	Sensor

	Benzene
	9.25
	High
	

	Carbon dioxide
	13.79
	None
	EC-CO2

	Carbon monoxide
	14.01
	None
	EC-CO

	Methane
	12.98
	None
	CG

	Nitrogen
	14.54
	None
	--

	Oxygen
	13.61
	None
	EC-O2

	Trichloroethylene
	
	High
	

	Water
	12.35
	None
	RH/T


Table III

List of Response Factors for Various Lamps

Fig. 5  Effect  of Lamp energy on Response
. Some characteristics on the PID are 

given in Table IV. Note that the PID is a carbon counter (molar response increases with carbon number) like the FID. There are several differences in that the PID is non destructive (the sample is burned in the FID) and the PID has no response to ambient methane. The methane background measured on the FID is 3-5 ppm. Thus, the PID is an order of magnitude more sensitive than the FID since it can measure down to 0.1 ppm that is the background in clean air. 

Table IV

PID Characteristics

	Sensitivity increases as the carbon number increases (carbon counter)

	For 10.2 eV lamp, responds to carbon aliphatic compounds > C4, all olefins and all aromatics; the PID also responds to inorganic compounds such as H2S, NH3, Br2, I2, PH3, AsH3, e.g. any compound with an ionization potential of < 10.6 eV

	For 9.5 eV lamp, the response is more selective; higher response to aromatic hydrocarbons and less response to aliphatic hydrocarbons

	For 11.7 eV lamp, responds to  more compounds like carbon tetrachloride, chloroform, methanol, formaldehyde, etc. which have ionization potentials > 10.6 and < 11.7 eV 

	Non destructive- sample (tube or bag) can be collected downstream of the detector

	Concentration sensitive- relatively insensitive to flowrare over a wide range



A schematic of the PID probe is shown in Fig. 6. As a result of the level of contamination around a hazardous waste site, it is not unusual for the ion chamber to require cleaning on a regular basis. The instrument was designed so that the ionization chamber is removable and easy to clean. The lamp is also removable (no wires to attach/detach) and the window is easy to clean. If the sensitivity of the PID is low (determined by the isobutylene reading), one of the first things to do is to clean the lamp. This process takes only a few minutes to complete. 

The PI101 is extremely rugged and  has only three controls: zero, span and range selection switch. The DL101 is under microprocessor control but has a survey mode that is similar in performance and ease of use to the PI101. These instruments are designed for a long lifetime and ability to be used by personnel with a minimum of training. 

Fig. 6 Probe Assembly for PID

Fig. 7 EPA Levels of Investigation

4.0 Screening (Level I) 


The framework of the EPA methodology involves five levels of investigative screening or analyses with 

held analyzers (EPA protocol specifies a photoionization detector like HNU Model PI or DL102) shown in Figure 4 and other site characterization equipment such as an oxygen meter, explosimeter, radiation survey equipment and chemical 

testing tubes. Note that the Multisensor 102 can replace a number of individual instruments as a result of its 4 sensor capability. Level I effort 

is designed to deter​mine the real time
total level of contaminants present (i.e., total volatile organics) which allows determination of the appro​priate level of on site respiratory protection and evaluation of air quality for existing or potential threats to surrounding populations (4). Additional benefits include more efficient and cost effective sampling and analysis and assistance in guiding quick and suitable cleanup efforts. A summary of the precision and 

accuracy expected for the various Levels is shown in Table V. 

 4.1 ------------------- 

· Monitoring soil vapor wells to determine the extent of the pollutant plume (headspace)

· Measuring the total concentration profile in a borehole to determine contaminant migration on the groundwater

· protecting the health of workers involved in the investigation and remedial work


4
5.0 Total Hydrocarbon Measurement Tech​niques 
5.1 Calibration

5.1.1 Air Samples

One of the first things to do after calibration with a span gas and a preliminary survey of the "hot spots" is to develop a set of calibration curves for the PID if some new or toxic compounds are found and a direct reading value for these compounds inambient air is required. A very useful tool for this application is a 1 or 2 liter Hamilton syringe. This device has a number of uses from calibration to sample collection. The syringe is made of plexiglass and some caution should be observed with sample preparation or collection at high (%) levels. In general, ppm levels can be prepared or sampled with no difficulty.  

A method for sample preparation was described by Becker et. al . (5). To prepare a gas sample with a liquid, one needs a liquid syringe (10 mL) and the 1 or 2 liter syringe. The formula for calculation of the values produced is given below:

A calibration curve can be prepared by using 5-6 injections of various volumes to cover the range desired and recording the values produced by the PID. This is a fairly easy method to prepare a calibration curve. The measurements should be within 5-10% provided that the user can accurately deliver the known values of the liquid. This will be the largest error in the method. This procedure does work best with volatile liqiuids but the syringe can be mildly heated with a hair dryer to help a less volatile liquid evaporate. 

One of the most frequent problems with collecting vapors out of a stack or out of the ground involves the condition of the sample e.g.  saturation with water at ambient (soil gas) or elevated temperatures (stack). Many VOC’s are soluble in water to a greater (acetone- miscible) or lesser extent (benzene). Condensation in the sampling line can lead to losses from a few % to as great as 100 % for an organic compound that is miscible with water. Any losses greater than a 5 % are clearly unacceptable. If the syringe is half filled with clean dry air prior to sampling, the water content will be reduced by 1/2. If this is insufficient, then a larger quantity of dry air should be used to prevent condensation. The Model 101's can measure the level in the 1 or 2 liter syringe. The final value should be adjusted for the volume of dilution air. 

5.1.2 Headspace Samples

Soil or water samples can be prepared on either a volume or weight basis. Liquid samples are generally prepared on a volume basis (ppm v/v) and soil samples are prepared on a weight basis (mg/Kg).  To prepare a 1 ppm sample by volume in water, measure 1 mL of liquid (using a 10 mL syringe) and dissolve in 1L of water (in a volumetric flask). To prepare a soil sample, use a 10 mL syringe (multiply by the density  of the liquid to get the weight) and weigh 1000 g of soil on a balance with a readability of 0.1 g. Mix thoroughly to ensure that the volatile hydrocarbon standard is evenly dispersed in the soil. 
5.2 Industrial Hygiene and Survey Measurements


One of the primary uses of the PID at hazardous waste sites is for worker protection. The air at the site is initially screened and if values above a specified level are observed, the teams are required to wear self contained breathing apparatus. Then areas are screened for high levels in the soil, surface or groundwater by measuring the concentrations a short distance above the source. At this point, a sample could be taken for analysis by a Level II method or further measurements can be made with the PID. Clearly, the latter measurements can be made more quickly.

5.3 Soil Gas Measurements 


Although headspace analyses (6) are common for volatile hydrocarbons, one of the most commonly used field analysis technique for site characterization is soil gas analysis (7) where the sample is collected by in-situ pumping of a well using a probe such as that shown in Fig. 4. In many cases, such as with an PI101 or DL101. This type of Level I screening could be used to determine the extent of contamination of the soil ("total" but not individual hydrocarbons) and groundwater which occurred. Site characterization is done rapidly and in "real time". 

5.4 Headspace 
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The headspace method is easy to perform, requires a minimum of equipment, and requires only that the sample and standards be at equilibrium to obtain accurate results. A typical procedure involves weighing (or measuring) 1 g of soil into a weighing boat which is placed in a container of about 100 cc volume which can be sealed (a series of half pint clean paint cans could suffice), placed in an oven at 60 C for 15 minutes, cooled to room tempera​ture (6). The sample can be left at ambient (in a trailer on site, for example) for a specified period of time (approximately 1 hour). Standards bracketing the samples should be run at the same time and under exactly the same conditions. For a total hydrocarbon measurement, the vessel top is removed and a reading (maximum) is taken and recorded. The concentration can then be determined by comparison to a calibration curve generated from standards. Liquid samples can be prepared by making solutions as described in 5.1, placed in a sealed bottle (250 ml) and allowed to equilibrate. Then, the bottle is uncapped and the maximum reading is observed (and recorded) on the PID.  A typical calibration curve for toluene in water is shown in Fig. 8.  Note the linear response and sensitivity of this method. Robbins (8) described a headspace method using a polyethylene bag where samples are col​lected in a modified one quart bag. Twenty five grams of soil are added to the bag and the bag is inflated until taut. After three or four minutes of agitation, the bag is ready to be sampled. The method will also work with water samples.

Fig. 8.  Calibration Curve for Toluene in Water (headspace)
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If the determination of individual hydrocarbons is required, then a portable GC is the instrument of choice. Here, the vessels should be modified to include a Swagelock connector which incorporates a septum. A gas syringe is used to remove a sample (1 cc) and inject it into the GC (see also the chapter on Gas Chromatography). 

7.0 Conclusions 

EPA has shown that field methods and laboratory methods can yield similar results for volatile hydrocarbons. It was deter​mined that when very little is known about a site or its contami​nants, it is generally  more cost effective to use the CLP (or an equivalent like a state certified lab) as a screen than to conduct extensive field analyses designed for analyzing a limited number of target compounds.  Field analytical methods were determined to be most useful when the contaminants of concern have already been identified, so that appropriate methods, dilutions, calibration ranges, etc. can be employed (2).  It was also found that credi​bility could be lent to field data by using quality control tech​niques similar to laboratory methods (i.e., duplicates, standards run at regular intervals, % of samples sent back to the lab, etc.). 

The PID has been shown to be a useful tool for industrial hygiene, soil gas monitoring, finding contaminated areas, and screening soil and water by headspace. The PID is easy to use and by changing the lamp can be a selective or more general detector (11.7 eV lamp) for chloroalkanes (dichloro ethane, chloroform, carbon tetrachloride, etc.).

 In this chapter we have described a number of basic aspects of photoionization and portable instruments in order to provide the reader with a basic understanding of field methodology. 

Toxic Gases- 
A variety of toxic gases and oxygen can be measured by electrochemical detection. A membrane is used to separate the phase being measured (air containing a toxic gas) from the elec​trolyte where the measurement takes place. The type of electro​chemical techniques used include: potentiometric, amperometric, and fuel cells. The latter tech​nique will not be discussed in this paper. 


Potentiometric techniques involve the measurement of the change in voltage (mV) when the diffusing species is dissolved in the internal electrolyte solution or gel.  The change in voltage that is measured between the sensing and reference electrodes  is proportional to  concentration.  Note that the sample simply diffuses into and out of the sensor without any change. The most common sensor of this type was a CO2 electrode described by Severinghaus (10)  in 1956. Other pollutants which can be detected with this technique include SO2, H2S, NH3 and HCN.


Amperometric techniques can use two or three electrode systems for detection. The oxygen electrode was first described by Clarke (10) in 1956 and is perhaps the best known of this type. Here, a fixed potential is applied to one electrode and the current generated by oxygen being consumed according to: 

O2 + 2H20 + 2e- SYMBOL 219 \f "Symbol" [H202] + 2OH- 

is measured. The applied  voltage is at or slightly above the oxidation/reduction  potential of the species to be detected. The current (SYMBOL 109 \f "Symbol"A) is proportional to the concentration. Note that the species is consumed during the measurement process. Toxic gas detectors employing amperometry have included CO, NOx, Cl2, etc. An example of a handheld toxic gas analyzer is shown in Fig. 2.
Conclusions

The use of direct reading instruments in the field is expedient and allows the industrial hygienist to confront and solve problems concerning worker safety in real time. The photoioniza​tion detectors, toxic gas analyzers and portable GC's provide a useful supple​ment for laboratory tests, help obtain better quality data,  ensure proper worker protection, and help solve difficult problems more quickly. 


Instruments such as portable GC's enable laboratory results to be obtained in the field (even identification of specific compounds) eliminating time consuming delays and reducing the costs of the tests (14).
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Applications

Hazardous Waste Sites


Health & Safety

Groundwater


Soil

Indoor air pollution

ppb VOCs


CO2

Carbon dioxide (CO2) is  considered a innocuous gas with a typical level in the ambient air of 350 ppm. The current ASHRAE recommended limit for buildings is 1100 ppm CO2. Now that buildings have become tighter as a result of energy conservation CO2 levels have become a significant problem. With one or two changes of air per hours, the carbon dioxide has a tendency to build up leading to one of the factors in the "sick building" syndrome.


RH/T

Spills

Arson Investigation

Used by the Alcohol Tobacco & Fire Arms (unit of the US Treasury for Arson investigations. 
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Arson Investigation in Indonesia

Manufacturing Plants
Confined space

Leak  Detection

Analyzers

Models


102+


103

105

106

VOCs

   Some indoor sources of VOC's are shown in Table--. Note that formaldehyde as well as long chain aliphatic hydrocarbons are also common pollutants. Formaldehyde became an important indoor air pollutant in the seventies and eighties as a result improper installation of urea-formaldehyde that produced levels of formaldehyde which were irritating. In the early eighties, reports of its carcinogenic nature, caused additional concern and its ultimate ban for this purpose. a gas chromatograph with a PID (11.7 eV lamp) can be used to detect ppb levels of this compound as shown in Fig.  . 

Insulation in HVAC ducts never properly cured resulting in sickness

11.7 eV head  
ppb or ppm mode
Twenty Most Common VOCs in Buildings
	Compound
	PID -10.2 Response

	Benzene1,3
	Y


Y


Y

	
	


1 Source- Construction material

2 Source- cleaning materials

3 Furnishings

4 Requires 11.7 PID head
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