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TErnNIQUES FOR CONflNUOUS M:}.lITORING 

OF HYDROCARBONS· 

Dick A. Mack, Craig D. Hollowell and Ralph D. MClaughlin, 
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ABSTRACf: Among the present methods for analyzing hydrocarbons to perform 

ambient air, stationary source and vehicular emission monitoring are flame 

ionization detection, gas chromatography, non-dispersive infrared spectros-
I 

copy, dispersive infrared spectroscopy and catalytic oxidation. Promising 

methodology includes ultraviolet spectroscopy, optoacoustic detection, 

along with others. Problems associated with the production of improved 

instrumentation are discussed and reconunendations made for further research 

and development. 
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I. INTRODUCTION· 

A. Hydrocarbons in the Atmosphere 

Hydrocarbons may be viewed as both a blessing and a curse in the light 

of this cOlUltry'S energy resources and consunption problems.' Hydrocarbons 

are a blessing in providing the largest fraction of our basic fuel and petro­

chemical resources; their curse is due to the manner in which they and their 

by-products are released into our environment. It should also be remembered 

that the most serious problems of hydrocarbons arise from the interactions 

with other pollutants in the photochemistry of the atmosphere. In this dis-

cuss ion we will only be concerned with gaseous hydrocarbons;. particulates 

will be considered in another session. Although the primary emphasis at this 

Conference is on anbient air analysis, we will also consider stationary source 

and vehicular emission monitoring to provide a complete picture of hydrocarbon 

analysis. 

A number of papers have been concerned with the sources of hydrocarbons. 

and with the technology of their utilization and control. l ,2,3,4 In this 

survey we will only deal with the detection and monitoring of hydrocarbons 

both as total hydrocarbons and their specific species. Although methane 

accounts for 60 to 90% of the atmospheric hydrocarbons, it is photochemically 

inert. Thus, the major interest will be devoted to the identification of the 

non-methane components present in the atmosphere. 

We will describe the techniques that form the basis of present commercial 

instrumentation along with those ideas which appear to merit further investi- . 

gation. More complete infonnation on current instrumentation and operating 

principles will be found in InstnDllentation for Environmental M:mitoring, 

AIR. 5 It is realized that no survey can be exhaustive and complete; if com­

mercial instruments have been omitted, we ask the indulgence of their manu­

facturers. 
B. Classification of Instruments 

Instruments suitable for hydrocarbon analysis may be divided. into two 

classes: Mmual and automatic. 
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Manual operation implies human involvement in order to progress from one 

step in the analysis to another; automatic operation implies that many of the 

operations are self-initiated. Automatic operation may be further subdivided 

into continuous and continual operation. 

Manual operated analyzers will not be discussed in great detail here, in 

as much as the forward look of this Sympositun is toward automated methods. ' 

In continuous analyzing instrtunents the uninterrupted output response is 

a direct function of the concentration of the unknown constituent being an­

alyzed; however, depending upon the detection technique certain integration 

times and chemical or signal processing delays may be involved. Flame ion­

ization detection is an example of a continuous process. 

Continual analyzing (sometimes referred to as semicontinuous) instrtunents 

are those where a representative fraction (sample) of the unknown is taken and 

analyzed and the process automatically repeated on a regular basis. In the 

ideal case the analyzing period is sufficiently short that no significant 

chemical changes take place before another sample is measured. Automated gas 

chromatographs may be considered continual instruments. 

C. Gaseous Hydrocarbon f.t>ni toring Systems 

In this paper we are dealing with the instruments and techniques rather 

than the total monitoring system used for hydrocarbon analysis. Although the 

analyzer is necessary for monitoring, it is never sufficient by itself. A 

discussion of an entire monitoring system is beyond the scope of this discus­

sion; however, the following general concepts are presented for discussion: 

Particular attention should be given to the role of each component in the 

system and how the system requirements change according to the application. 

It cannot be overemphasized that considerable care must be exercised in 

designing a complete monitoring system. Depending upon the specific 
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application, systems vary widely in requirements and complexity. Nevertheless, 

in each system the following basic ftmctions must be provided: Sampling, Anal­

ysis, Calibration, Data Acquisition and Reduction. Each function is important, 

and the entire monitoring system must be fully considered in order to realize 

the full operating capabilities of the system. 

Gaseous monitoring systems can be classified as those suitable for any of 

three types of analysis: Ambient air monitoring, Stationary source monitoring 

and Vehicular emissions monitoring. 

Ambient air instruments are those designed for monitoring in urban areas 

or industrial sites. They may be capable of mobile or portable operation in 

the field or be pennanently located at suitable sites. The EPA Primary and 

Secondary National Air Quality Standards for Hydrocarbons corrected for methane 

are 160 pg/m3 (0.24 ppm)6 for a 3 hour averaging time and not to be exceeded more 

thail. once per year. Thus the sensitivity for monitoring hydrocarbons must be _ 

significantly better than 0.24 ppm. Table 1 lists a number of companies manufactur-

ing ambient air monitors; the various detection teclmiques will be discussed in 

subsequent sections. 

Stationary source monitors are those suitable for analyzing the effluents 

of flues, stacks and exhausts. Considerably less sensitivity is required for 

stationary source monitors typically 70 mg/m 3 (~100 ppm). Manufacturers 

supplying stationary source monitors are noted in Table 2. 

Vehicular emissions monitors are those suitable for analyzing the exhaust 

from Inotor vehicles operating in the field or from vehicles brought to a lab-

oratory. Manually operated instruments are most often used in certification 

testing of vehicles in the field; automatic monitors (usually with exhaust 

probe sampling) are for diagnostic purposes in automotive maintenance and 

surveillance. Table 3 lists comnercially available vehicular emissions 

monitors. 

Some instruments are sufficiently versatile and sensitive that they find 
I i 

application in moTe than one of the above categories. 
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Table 1 - - Carunercially Available Continuous Pmbient Air Monitors 

Technique 

Flame Ionization Detection 
(FID) 

Gas Chromatography-Flame Ionization Detection 
(GC-FID) 

( Ref. 5 ) 

Company 

Antek 
Beckman 
Bendix/PID 
Ielphi 
Gow-Mac 
~1eloy 
Mine Safety Appliances (MSA) 
PCMer Designs 
Process Analyzers 
Scott Aviation 
Scott Research 
Teledyne 
Thenno Electron 

Beckman 
Bendix/PID 
Byron 
Hewlett Packard 

- I, 



.. 7 

Table 2 -- Commercially Available Continuous Stationary Source Monitors 

Technique 

Flame Ionization Detection 
(FID) 

Gas Chromatography-Flame Ionization Detection 
(GC-FID) 

Non-Dispersive Infrared 
(NDIR) 

(Ref. 5) 

. ~ . 

Company 

Beckman 

Mine Safety Appliances (MiA) 

Process Analyzers 

Scott Research 

Teledyne 

Thenno Electron 

Wemco 

Beckman 

Byron 

Hewlett Packard 

Beckman 

Bendix/pID 

Ecol0.~cal Instn.unent 

Horiba 
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Table 3 -- Commercially Available Continuous Vehicular Emissions Monitors 

Te dmi que 

Catalytic Oxidation 

FlaJOO Ionization Detection 
(FlO) 

Gas Chromatography-Flame Ionization Detection 
(GC-FlO) 

Non-Dispersive Infrared 
(NDIR) 

Oispersi ve Absorption Spectroscopy 

(IR-lN) 
(IR) 

(~f. 5) 

COIl1>any 
.. 

Purad 

Beckman 
Delphi 
Gow-Mac 
Heath 
Horiba 
Intertech 
Mine Safety Appliances 
Scott Research 
Thenno Electron 

Beckman 
Byron 
Carle 
Hewlett Packard 

Allen 
Autos can 
Beckman 
Bendix/PID 
Bosch 
Ouysler 
Commercial Electronics 
Ecological Instrume~t 
Horiba 

(MSA) 

Marquette 
Mine Safety Appliances (r.£A) 
Peerless 
Scott Research 

. Sensors 
Sm· 

Clnysler 
Wilks 

- i 



" 9 

1. Multiparameter Capability 

The trade-off between one instrument with multiparameter capability and a 

number of instruments each measuring a specific pollutant should be considered 

-- both with a view to the economics of procurement and the cost of operation 

and maintenance. In ambient air and vehicle exhaust monitoring one rarely 

encOlUlters the si tuat ion where only hydrocarbons need to by analyzed. At the 

present time, however, the EPA reference method required by the National Air 

Quali ty Standards employs a different technology for each air pollutant. Our 

long-range view of the situation is that instruments·capable of multiparameter 

capability will become more widely used. 

In addition to analyzing more than one parameter one will usually need 

instruments to measure the temperature, pressure, hLUllidity and the flow char­

acteristics of both the sample and parent gas streams. Data from such 

instruments allow assessment of mass concentration, mass flow, and gas compo­

sition. 

2. Operation Characteristics 

Before discussing specific monitoring techniques it would be well to 

consider the factors one must take into account when selecting new instrumen­

tation. Of primary concern are the reliability, durability and ruggedness of 

the complete system. The reliability of the measurement is determined by 

factors such as specificity, sensitivity and accuracy. It will often be 

necessary to settle for less than maximum reliability because of limitations 

in tillle available for inspection, maintenance and repair. 111is is especially 

tnlC in stationary source monitoring in which the operating conditions may be 

quite hostile. Depending upon the desired frequency of data, available man­

power and accessibility, one may also desire the capability of unattended 

operation for extended periods. 
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3. The Ideal System 

Present-day instruments, although adequate in many respects, still have a 

number of shortcomings. Let us look into the future and list what would be 

the "ideal" instrumentation system for the-next generation of environmental 

monitoring: 

1. The detector or transducer should allow one to distinguish clearly 

the constituent of interest. That is, the detector should be specific and not 

subject to interferences. In addition, instruments that can identify a number 

of parameters should meet with more and more popularity. 

2. TIle transducer should indicate the material present quantitatively as 

well as qualitatively. 

4. Instruments should have a fast response so that the user can innnedi-

ately take advantage of the information gained. A number of reactions are 

time dependent; samples held for many hours are always less desirable than 

samples from in situ monitoring. 

S. Greater sensitivity is of particular importance. As the emission 

levels of contamination decrease, it is necessary that the instrumentation be 

able to cope with these lower levels. 

6. Instruments should be capable of being read out both directly (e.g., 

for field use) and indirectly into data-handling facilities for stationary or 

laboratory use. 

7. Sampling means should be provided as part of the equipment. 

8. TIle system should be capable of accurate calibration either in the 

laboratory or in the field. Built-in calibration means are particularly de­
i 

sirable. Erroneous data are worse than no data at all! 

9. Instruments should be rugged and thoroughly reliable. 

10. Finally, any new analysis system must lead to cost benefits that are 

real and evident. 



11 

II. GENERALLY IWPLOYED DETECfION TEQ-INIQUES 

TIle discussion here is confined to hyurocarbon <U1alyzers that detect the 

pollutant in the gaseous phase. Each of the following brief descriptions ap­

plies principally to an analyzer. An analyzer, the heart of the monitoring 

system, is where the actual measurement of the pollutant concentration occurs. 

Depending upon its characteristics, a particular analyzer is usually intended 

for either ambient air, stationary source or vehicular emissions monitoring. 

As mentioned before, the analyzer by itself does not complete the monitoring 

system. Besides the analyzer, a system will need one or more of the following 

components: probes to obtain the sample, lines to transport the sample, con­

ditioning Wlits to dry, heat, cool or otherwise pretreat the sample before 

analysis, selective filters to reJilove gases or particulates that CLm. affect 

accuracy or operation, plDllpS to move the sample, calibration devices, ·readou~ 

means and data-handiing peripherals such as strip-chart recorders or analog­

to-digital convertors. Some or all of these components may be included as a 

part of the basic analyzer. 

A. Flame Ionization Detection (FID) 

Flame ionization detection is the most widespread hydrocarbon sensing 

method in use today. The FID technique as adapted to total hydrocarbon analy­

sis was first reported by Andreatch alllI Feinland in 1960~ 7 Its use in connec­

tion with GC separation will be discussed in the following section. With 

standard FID an air sample is introduced into a hydrogen flame. See.Fig. 1. 8 

The combustion of even a few ppb of a hydrocarbon produces measurable ionization 

which is a function of the number of carbon ions present. A collector sur-

rounding the flame is positively polarized by an external power supply and the 

resulting ion current measured on· an electrometer. Since pure hydrogen 
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burning in air produces very little ionization, the effects of backgrOlmd sub-

traction are minimized. TIle output current calibrated in ppm (or percentages) 

is read on a panel meter or chart recorder. 

Hydrocarbons containing nitrogen, oxygen or halogen atoms give a reduced 

response. Thus FID hydrocarbon analyzers are almost universally caliqrated in 

terms of a gas such as methane or hexane and the output read in ppm of carbon 

measured as methane or hexane. 

It is ,important to note that nitrogen, m and C02 do not produce inter­

ferences. 9 Patterson and Henein point out that although there is a very low .. 

sensitivity to water vapor, condensed water vapor may block the sample entry 

b d · . d' 10 AI h . tu e an gIve erratIC rea Ings. so w en oxygen IS present in excess of 

4%, a significantly lower output reading may occur. 10 Beckman Instruments 

report the relative response of the Model 400 Hydrocarbon Analyzer to various 

hydrocarbons, including those with attached oxygen, chlorine and nitrogen 

atoms in Table 4. 11 The response is given In effective carbon numbers (EON) 

where 

= 
Instrwnent response caused 
by atom of given type 
Instrument response caused by 
aliphatic carbon atom 

In order to detect the .non-methane.portion of total hydrocarbons King has 

reported two methods based on a selective catalytic combustor. 12 In the first 

method the selective combustor is operated in the cold condition and methane 

plus other hydrocarbons are measured; next the combustor temperature is in-

creased so that all. hydrocarbons except methane are consumed. A signal sub-

traction between the two measurements yields the non-methane component. This 

tedU1ique is employed in the Cow-Mac analyzer. 

In the second method the hydrogen content of the hydrocarbon IS measured. 

The selective combustor is followed by a water-sensing sorption detector. 

Thus, the water of combustion is a measure of the hydrocarbon present. An air 

dryer is placed ahead of the combustor ~o keep I atmospheric water vapor from 

swamping the analyzer. 



Table 4 - - Approximate Effective Carbon NUll'bers 

Type of Atan 

Carbon 

Carbon 

Carbon 

Carbon 

Carbon 

Carbon 

Oxygen 

Oxygen 

Oxygen 

Oxygen 

Chlorine 

Chlorine 

Nitrogen 

Effective 
Occurrence Carbon Number 

In Aliphatic Compound +1.0 

In Aromatic Compound +1.0 

In Olefinic Compound +0.95 

In Acetylenic Compound +1.30 

In Carbonyl Radical 0.0 

In Nitrile +0.3 

In Ether -1.0 

In Primry Alcohol -0.6 

In Secondary Alcohol -0. 75 

In Tertiary Alcohol, Ester -0.25 

As two or more chlorine -0. 12/each 
atans on single aliphatic 
carbon atom 

On Olefinic Carbon Atom +0.05 

In Amine Value similar to 
that for oxygen 
atan in corres­
ponding alcohol 

Effective 
carbon Instnunent res nse 
number = nstrument response cause 

(Ref. 11) 

14 
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Poli and Zinn have described a dual FID analyzer to continuously monitor 

the methane and non-methane components in ambient air. 13 One part of the air 

sampling stream is fed to the first flame ionization detector to measure the 

total hydrocarbons present; the other part is fed to a Hopcalite catalyst that 

selectively combusts all hydrocarbons except methane. The efficiency of the 

catalytic separation is evidenced by the following example. At 260'C approxi­

mately 98% of ethane and virtually all of the heavier hydrocarbons are oxi­

dized, while the methane component is unaffected. A second FID.at the output 

of the catalytic convertor measures the methane content. Electronic circuits 

provide the necessary signal subtraction to indicate the non-methane fraction. 

Mane Safety Appliances market an analyzer using this principle. 

B. Gas Chromatography CGC) 

Gas chromatographs have been used manually to monitor hydrocarbons for 

many years. The great power of this technique is the unique ability to separ­

ate hydrocarbons into a number of individual compounds.' In principle GC is a 

method for physically separating a gaseous mixture ,into its components by 

passing it through a COllUM with a high surface-to-v91lUne ratio .. Seq Fig. 2.14 

The surface area consists of a solid material or a liquid dispersed on a solid. 

TIle segregation of the various components depends upon their selective absorp­

tion into the column material. An inert carrier gas moves the sample through 

the column. If the gas sample consists of different hydrocarbons, the dif­

ferent components will require different times to pass through the column. 

TIle weakly absorbed components are the first to emerge from the collUnn. The 

selective process IS highly temperature sensitive and thus requires that most 

of the components of the chromatograph be housed in a temperature controlled 

oven. As the various components emerge from the colU/lU1 their identification 

and concentration are determined by an appropriate detector. For hydrocarbons 

flame ionization detection, described in the previous section, is almost uni-

versally employed. 
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Early Ge's were, of course, manually controlled. During the past few 

years numerous attempts have been made to automate GC analysis. These devel-

opments are still being evaluated. Stevens, O'Keeffe and Ortman described 

what they termed "second generation" air pollutant monitors in 1968. 15 At 

that time these NAPCA (now EPA) scientists developed an automated procedure 

for the gas chromatographic analysis of carbon monoxide 'and methane in con-

centrations between 10 ppb and 200 ppm. Carbon monoxide was converted to CH~ 

using a catalytic convertor. Although methane was not of primary interest, 

subtracting this component from ;the total hydrocarbons yielded a rough indi­

cation of the reactive hydrocarbons remaining. 

·The first commercial automatic gas chromatograph following the above 

dev'elopments was produced by Mine Safety Appliances . Another automated 

GC was developed by Union Carbide Corp., and reported by Fee16 . TIl is 

unit analyzed three parameters: CO, Q-I .. and total hydrocarbons at a maximum 

rate of 12 cycles per hour. The range of sensitivity was from 0 - 1 ppm to 

-0 - 1000 ppm in several steps. Ambient air was continuously drawn into the 

analyzer through a two-section particulate filter. A timer activating an in-

jection valve transferred an 8 ml air sample directly into the rm. This 

operation measured the total hydrocarbons present. About 38 seconds later 

another 8 ml sample was taken. A pre-colUilm stripper' removed CO2 , water vapor 

and non-methane hydrocarbons. Thesanlple was then separated into methane and 

CO components in the GC column; the CO portion was catalytically converted to 

methane, and the two components, arriving about 15 seconds apart, analyzed by 

FID. It is our understanding tllat these units are no longer in commercial 

production. 

I 

Villalobas and Chapman describe the Beckman adaptation of the work 

of Stevens, et al., to measure methane, ethylene, acetylene, carbon monoxide 

and total hydrocarbons in ambient air.17 Individual components are measured 
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with 1 ppm sensitivity while total hydrocarbons are analyzed at 200 ppb sensi­

tivity. Improvements include the elimination of a separate inert carrier gas by 

the use of suitably purified aIr, and the hydrogen gas for the FID flame may be 

derived electrolytically. 

It should be noted that only automated GCls have been included in Tables 1, 

2 and 3. GC instriunents made by Beckman, Bendix, Byron and Hewlett-Packard fall 

into this category. The Carle GC is capable of automated operation when used 

with additional options supplied by the manufacturer .. 

C. Non-Dispersive Infrared Absorption (NDIR) 

Non-dispersive infrared spectrometry is a technique based upon the broad-

band absorption characteristics of certain gases in the wavelength region of a 

few micrometers. Infrared radiation is directed through two separate absorp-

o 11 f 11 dIll ·See FlOg. 3. 18 The seale·d tlon ce s -- a re erence ce an a samp e ce • 

reference cell is filled with non-absorbing gas, such as nitrogen or argon. 

TIle sample cell is physically identical to the reference cell and receives a 

continuous stream of the gas being analyzed. When the particular hydrocarbon 

is present, the IR absorption is proportional to the molecular concentration 

of that gas. The detector consists of a double chamber separated by an imper­

meable diaphragm. Radiant energy passing through the two absorption cells 

heats the two portions of the detector chamber differentially. The pressure 

difference causes the diaphragm to distend and vary a capacitance which is 

measured electronically. The variation in capacitance is proportional to the 

concentration or the component of gas present. By optically chopping the IR 

radiation, the capacitance may be made to change perjodically and as a result, 

the electronic readout problems are facilitated. 

Beckman, Horiba and Mine Safety Appliances all manufacture NDIR analyzers 

based on the above principles, and use two IR sources. Ecological Instruments 
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uses a single radiation source. Infrared Industries uses two concave mirrors, 

thus allowing a single source arrangement. See Fig. 4. 19 Bendix produces an 

analyzer with the two detector chambers in series; both detectors are filled 

with the gas under measurement. The gas in the forward chamber is heated by 

the center of the absorption band; the gas in the rear chamber by the edges of 

the band. Hydrocarbon gas in the sample will absorb primarily in the center 

of the band and thus cause the front chamber to become cooler. The pressure 

change is detected as a change in capacitance and read out as previously de-

,scribed. 

D. Dispersive Infrared Absorption 

A dispersive absorption spectrometer is an instrument which can be set to 

pass any small wavelength interval within its range and differs from a non­

dispersive type instrument which looks at a broad spectral region. 20 

In one version of a DIR spectrometer IR radiation is directed through a 

10 Hz optical chopper, a 13 em absorption cell and an adjustable narrow band-

pass filter. Detection is by means of a thermistor bolometer mounted at the 

f f . 20 ocus 0 a concave mlrror. The relative sensitivity of this instrument for 

hydrocarbons closely resembles NDIR. 

Another DIR spectrometer employs a mirror chopper and a concave grating 

to reflect the appropriate wavelengths of IR radiation onto several different 

detectors. See Fig. 5. 21 

The Chrysler Vehicle Exhaust Analyzer in addition to monitoring hexane 

hydrocarbons is capable of measuring CO and CO2 • In the dispersive ultra-

violet mode it can also monitor NO and NO + N02 read as NOxo 
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E. Catalytic Oxidation 

Catalytic oxidation has been employed to measure total hydrocarbons in 

. . 22 23,24 Th . f 1 - . 1 . . veh1cle exhaust gases. ' e temperature r1se ~m a s ug samp e 1S 1n-

jected into an air stream with a constant rate of flow and a vanadia-alumina 

catalyst; the temperature rise gives a linear measure of the total hydro-

carbons present. See Fig. 6. 25 Incidentally, with a Hopcalite catalyst the 

carbon monoxide content in exhaust gases may be measured simultaneously • In 

the Purad analyzer the air sample flows through the catalytic reactor element 

by suction. The temperature rise is detected by temperature probes measuring 

the difference between the reactor housing and the oxidation occurring in the 

catalyst bed. A leMer detectable limit of 5 ppn of HC as butene is reported. 

F. Comparison of Methods 

The selection of the most appropriate method for monitoring hydrocarbons 

depends on many factors. A few of the most obvious factors are the following: 

a) The need to monitor total hydrocarbons, or identify individual species. 

b) The maximwn sensitivity required -- of the order of 0.1 ppm or 1000 ppm. 

c) Equipment cost. 

Ambient air monitoring requires a lower detectable limit of at least 

0.1 ppm. Total hydrocarbons may be analyzed by flame ionizationootection 

and gas chromatography; however, only GC is able to identify individual hydro­

carbon components. ~lufacturers using the catalytic oxidation process claim 

a lower detectable limit of 5 ppm. Two nan-dispersive infrared analyzers 

(Infrared and Horiba) have reported sensitivities of 1 ppm as Hexane. 
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For analyzing stationary sourc~s and vehicular exhaust all of the above 

methods are applicable. Jackson has compared the relative response of FID and 

NDIR methods of analyzing vehicular exhausts.26,27 It was noted that the FID 

readings were taken with pure hydrogen fuel at a 15.4 to 1 air-to-fuel ratio 

which is nearopttmum. Table 5 indicates that both NDIRand FID agree when 

moni toring the paraffin hydrocarbons, but when olE~fins, acetylenes or aro-

matics are present in the sample, NDIR is nruch less sensitive. 

Dispersive infrared absorption detection is employed for vehicular ex-

haust monitoring. The Chrysler DIR analyzer has a 0 - 100 ppm sensitivity 

scale range for low N-Hexanes and 0 - 2000 ppm for high N-Hexanes. The DIR 

principle suffers nruch less from interferences, such as CO, CO2 and water 

vapor, than NDIR. 20 

II L DEVEWPING DETECfION TEaINOLOGIES 

Among the most promising instrumental developments for hydrocarbon moni­

toring are those techniques which are based on well-known spectrographic 

methods. 

A. VI traviolet Spectroscopy 

Konosu, Mashiko and Sato have described a non-dispersive vacuum ultra-

violet spectrometer for continuously recording the concentration of two­

component gaseous systems. 28 . The analyzer measures the relative intensities 

of a reference gas (N2 or air) arid the sample in the region of 165 - 200 nm. 

The light source is a deuterium discharge tube and the gas cell has an 0.2 m 

absorption length. A sodium salicylate plate is employed as a detector. 

Table 6 lists the maximum detection sensitivity for several hydrocarbons, 

along with the maximum measurable concentrations. 



Table 5 -- Average Relative Hydrocarbon Responses (Carbon Basis) 

Hydrocarbon 

Paraffins 

Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i- Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Olefins 

Ethylene 
Propylene 
I-Butene 
l-Hexene 

Acetylenes 

Acetylene 
Methylacetylene 
Ethylacety1ene 

Aromatics 

Benzene 
Toluene 

NDIR 
(5.25" Sample Cell) 

Hexane=100 

30 
100 
103 
101 
106 

99 
104 
100 

97 

9 
31 
53 
61 

1 
16 
32 

2 
13 

(Ref. 26 & 27) 

FID 
(Pure Hydrogen Fuel, 
15.4:1 Air/Hydrogen 

Radio) 

Hexane=100 

104 
103 
103 

102 
101 
102 
100 
100 

104 
104 

95 
96 
96 

IDS 
105 

26 



Table 6 -- Maximtun Detection Sensitivity and Maximum ~asurable Concentrations 
. of Several Hydrocarbons by NDUV 

Compound 

Ethylene 

Propylene 

Acetylene 

Propane 

Benzene 

Benzene in Air 

Toluene 

Maximum 
Sensitivity (ppm) 

2 

1 

18 

830 

0.3 

0.7 

0.3 

(Ref. 28 ) 

Maximum 
Concentration (ppm) 

1200 

900 

13000 

6 X 105 

500 

150 

300 

27. 
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B. OptoacousticDetect10n 

Optoacoustic detection of several hydrocarbons has been reported by sci­

entists from Bell Telephone Laboratories. 29 The absorption of various wavelengths 

from CO and CO2 molecular gas lasers was measured by a chopper-modulated beam 

directed through a gas sample. The absorbed energy caused a pressure increase 

in the sample cell which was detected by means of an internal microphone •. 

Table 7 lists the sensitivities, type of laser and the wavelength of emission 

for different hydrocarbon pollutants. 

C. Chemiluminescence Detection 

Chemiluminescence is well known for the detection of oxidants; recently 

the chemiluminescent reactions between atomic oxygen and a number of reactive 

hydrocarbons, namely methane, ethane, propane, ethylene, propylene, trans­

butene, acetylene and fonnaldehyde were reported as well. 30 Intense emission 

spectra were observed in the region of 700 to 900nm at pressures of I torr. 

Intensity peaks at 760nm projected above the continuous NO + 0 spectrum so 

that with appropriate optical filtering reactive hydrocarbons should be capa­

ble of identification without interference from NO. Spectra were obtained 

from a photomultiplier viewing a flow tube excited with 2450 Mlz microwaves. 

D. Other Methods 

Mass spectrometers have been employed for organic analysis for many 

years. Interest is now in evidence for MS applied to air monitoring. Both 

quadrapole focusing and time of flight spectrometers might be ~)loyed with 

the former having a greater sensitivity and the latter yieiding shorter anal-

ysis time. 

Remote sensing of environmental pollutants has excited considerable in­

terest. Prengle et al. have reported on the measurement of a number of 

·1 
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Table 7 -- Sensitivities for Detecting Various Pollutants by Optoacoustics 

Gas 

Benzene 

1 , 3-Butadiene 

1,3-Butadiene 

I-Butene 

I-Butene 

Ethylene 

Methanol 

Propylene 

Trichoroethy1ene 

Sensitivities 
(ppb) 

3 

1 

2 

2 

2 

0.2 

0.3 

3 

0.7 

(Ref. 29) 

Laser 

0)2 

CO 

0)2 

CO 

0)2 

CO2 

CO2 
0) 

CO2 

Wavelength 
}lID 

9.6392 

6.2153 

10.;6964 

6.0685 

10.7874 

10.5321 

9.6760 

6.0685 

10.6321 

29 
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pollutants in gas ph.D1les including 01 .. plus saturates and C2B .. plus unsatur­

ates. 31 Field measurements were made at a distance of 65 meters from several 

power plant plunes; temperatures were detennined to wit~in ±10 K and gas 

concentrations to within ±28%. The system consisted of a custom-designed, 

25 an Cassegraintelescope and a Block Engineering 2.8 to 15 j.JIIl interferometer 

spectrometer. 

Early transistors were plagued with atmospheric contaminants affecting 
i 

the surface characteristics of the semiconductor wafers. If the contamination 

could be identified and its effects controlled, a pollutant sensor might be 

developed. The results of a thin-film intlilDll sesquioxide detector produced 

for NASA by General Electric has been reported. 32 The sensor exhibited a 

change in resistance when exposed to hydrogen or hydrocarbons in concentra-

tions greater than 500 ppm. Difficulty in producing and calibrating these 

devices make their present utility questionable. 

Macrowave rotational spectroscopy depends upon the selective absorption 

of microwave energy by some gases at low pressure. 33 In practice microwave 

radiation is swept over the frequency range of interest, and the power trans­

mitted through the sample is observed. Only molecules with permanent dipole 

moments lend themselves to this method of measurement •. For example, benzene 

does not have a pennanent dipole moment, but propane and propylene do. The 

detection sensitivity is a function of the absorption coefficient of each 

particular gas; for hydrocarbons the method is not expected to compete with 

GC-FID for sensitivity. 
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IV. NATIONAL STANDARDS 

No discussion of monitoring is complete without a brief review of the 

present air quality and emission standards. Federal powers to protect and en­

hance the quality of the nation's air resources and to promote public health 

and 'welfare are contained in the Clean Air Act Amendments of 1970. Under this 

act the Environmental Protection Agency (EPA) is charged with setting national 

air pollution standards. The national standards are only highlighted here, 

and one should refer to the Federal Register for the complete texts of these 

regulations. 

"National Primary and Secondary Air Quality Standards" -were published in 

the Federal Register on April 30, 1971. Primary standards to protect public 

health and secondary standards to protect public welfare (against effects on 

vegetation, animals and materials) were promulgated for sulfur oxides (mea­

sured as sulfur dioxide), particulate matter, carbon monoxide, photochemical 

oxidants, hydrocarbons, and nitrogen dioxide. The prinmry air quality stan­

dard for hydrocarbons (corrected for methane) is 160 ~g/m3 (0.24 ppm) averaged 

over a 3-hourperiod. This National Standard is not to be exceeded more than 

once per year. The reference method described by EPA is Flame Ionization 

Detection using Gas Chromatography~An "equivalent method" means any method 

of sampling and analysis which can be demonstrated to the EPA to have a "con-

sistent relationship to the reference method." 

The ASTM Standard Method of Test for Ci through Cs Hydrocarbons in the 

Atmosphere by Gas Chromatography, D 2820-72, covers the measurement of the 

concentrations of individual hydrocarbons by GC with PID. 34 The procedure is 

employed for the analysis of both grab samples and integrated samples. TIle 

lower limit of measurement is 10 ppb by volume. 

The Tentative Method of Analysis for Methane and Carbon MOnoxide Content 

of the Atmosphere (Gas Chromatographic Method by Reduction to Methane) by the 
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Intersociety Corrrnittee describes the procedure for separating mit and m in a 

stripping column. 35 Hydrocarbons other than methane are also rejected in the 

stripper. Detection is made by FID. 

"Standards of Perforniance for New Stationary Sources" were published in 

the Federal Register on December 23, 1971. These standards are for five cate­

gories of new stationary sources starting construction as of August 17, 1971. 

The five categories and their emissions standards do not include references to 

gaseous hydrocarbons. 

On June 11, 1973, the EPA published in the Federal Register proposed 

standards of perfonnance for seven new categories of stationary sources. The 
. . . 

. only category dealing with hydrocarbons was "Storage Vessels for PetrolelD1l 

Liquids." The regulations for stationary source performance standards include 

sampling and analysis methods for detenning emissions. 

Regulations covering 1972 through 1975 model year light duty vehicles and 

h~avy duty engines were collected in a compendiLDn and published in the Federal 

Register on November 15, 1972. Gasoline-fueled light duty vehicle emission 

standards are surmiJarized in Table 8. These regulations cover emissions of 

hydrocarbons. Carbon monoxide and oxides of nitrogen have also been included 

for completeness. Standards of emission for heavy duty gasoline-fueled and 

diesel-fueled engines beginning with the 1973 model year were collected and" 
. . 

published in the Federal Register on Novanber IS, 1972. On July 6, 1973, the 

EPA promulgated standards for control of air pollution from aircraft and air­

craft engines. A summary of the status of exhaust emission standards for 

mobile sources is presented in Table 9. On July 16, 1973, EPA 

"proposed emission standards for low emission vehicles. Under 
, 

the Clean Air Act, the Federal government will pay premiLDn prices 

for motor vehicles whose emissions control performance is signifi-

cantly better than required by the Federal standards in effect for 

regular production vehicles. 
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Table 8 -- Federal Gasoline-Fueled Light Duty Vehicle Exhaust Emission Standards 

Model Year Test Method 

1970 7-Mode Cycle 
* 

1971 7 -Mode Cycle 
* 

1972 CVS-I 
* 

1973 CVS-I 
* 

1974 CVS-I 
* 

1975 
(original standards) CVS-II 
(interim "49 State" 
standards) CVS-II 

(interim "California" 
standards) CVS-II 

1976 Cv'S-II 

HC 
(g/mi1e) 

2.2 
4.1 

2.2 
4.1 

3.4 
3.0 

3.4 
3.0 

3.4 
3.0 

0.41 

1.5 

0.9 

0.41 

CO 
(g/mi1e) 

23 
34 

23 
34 

39 
28 

39 
28 

39 
28 

3.4 

15 

9.0 

3.4 

*Standards shown through 1974 are equivalent standards based on the 1975 
Federal test procedure (CVS-II technique). (See text.) 

NO 
(g/miie) 

3.0 
3.1 

3.0 
3.1 

3.1 

3.1 

2.0 

0.4 



Table 9 - - Federal Mobile Source Exhaust Emission Standards 

Mobile Source 

Gasoline-Fueled Light Duty Vehicles 

Diesel Light Duty Vehicles 

Gasoline-Fueled Light Duty Trucks 

Gasoline-Fueled Heavy Duty Engines 

Diesel Heavy Duty Engines 

Aircraft Turbine Engines 

Aircraft Piston Engines 

Initial Year 
of Standards 

ilirrent 

1975 

. 1975 

1973 

1974 

1973 

1974 

1974 

1979 

1979 

(See text.) 

Status 

' Pronru1gated 

To be proposed 

To be proposed 

Pronru1gated 

Proinu1gated 

. Promulgated 

Promulgated 

Prcrnu1gated 

Pronru1gated 

Promulgated 

, 

Exhaust 
Emissions 

HC ,CO ,NOx 

HC, CO 

HC,CO,NOx 
Smoke 

Smoke, HC, 
CO, NOx 

Smoke 

Smoke, HC, 
CO, NOx 

HC,CO ,NOx 

34 



"To be eligible for these premium prices, a motor vehicle must 

first be classified as a low emission vehicle by EPA, and then ap­

proved by the Inter-Agency Low Emission Vehicle Certification Board 

. as -a suitable replacement for some class or model of vehicles that 

the Federal goVeJ1Unent is purchasing. To date, no vehicles have 

received this designation by the Board. 

"EPA intends the low emission standards to beat a level that 

requires advanced technology or production techriiques. The proposed 

standards are: 1975 Light DUty Vehicles, hydrocarbons .08 grams per 

mile (gpm), carbon_monoxide .7 gpm, and nitrogen oxides .3 gpm. 

1976 Light Duty Vehicles, hydrocarbons .08 gpm, carbon monoxide .7 

gpm, and nitrogen oxides .16 gpm. 1975 and 1976 Heavy Duty Vehicles, 

hydrocarbons plus nitrogen oxides 2.1 gpm per brake horsepower-hour, 

and carbon monoxide 1 gpm per brake horsepower_-hour.,,36 

V. CONCLUSIONS 

The presently available hydrocarbon monitors allow the user to identify 

total hydrocarbons; in the case of non-methane hydrocarbons one must use a 

subtraction process. A direct method for detennining the latter component 

would be particularly useful. 

Individual species are readily identified only by means of a gas chroma­

tographic separation column. The minimum time to analyze one sample usually 

runs at least 5 minutes. There is no method on the horizon which appears to 

be competitive with GC for individual hydrocarbon gas analysis. 

With respect to on-going developments both the IR and UV portions of the 

spectrum appear promising for dispersive spectroscopy technology. 

35 



VI. ACI<NOWLEIXiEMENTS 

We wish to acknowledge the comments of Robert J.Budnitz and the help of 

our other colleagues in the Environmental Instrumentation Group at the 

Lawrence Berkeley Laboratory. 

The mention of trade names does not constitute an endorsement by the 

National Science Foundation nor the University of California. 

36 

.. 

i 
• I i 



',. 

VII. REFERENCES 

1. Altshuller, A.P., Lonneman, W.A., Sutterfield, F.D. ,and Kopczynski, S.L., 
Envir. Sci. and Tech., Vol. 5, No. 12, Oct. 1971, pp. 1009-1016. 

2. Friedlander, S.K., Envir. Sci. and Tech., Vol. 7, No.3, March 1973, pp. 
235-240. 

3. Air Pollution Control in Transport Engines, Proceedings of SymposilDll, 
Institution of Mechanical Engineers, London, Nov. 9-11, 1971. 

4. Patterson, D.J., and Henein, N.A., Emissions from Combustion Engines and 
Thei r Control, Ann Arbor Science Publ ishers, Ann Arbor, 1972. 

·37 

5~:-InstrlDllentation for Fnvironmenta1 Monitoring, AIR,Lawrence Berkeley Laboratory 
Report LBL-l, Vol. 1 (1972), Tech. Info. Div., LBL, Berkeley, CA 94720. 

6. Methods of Air Sampling and Analysis, Intersociety Committee, Amer. Public 
Health Assn., 1972, Washington, DC, Definition of conversion between wits 
of volume and concentration: 

ppm by vollDlle = 24.45 mg/m 3 

Molecular weight 
at 25 C and 760 torr 

7. Andreatch, A.J., and Feinland, R., Anal. Chern. 32,July 1967, pp. 1021-
1024. 

8. Photo courtesy Beckman InstrlDllents, Inc., Fullerton, CA. 

9. Air Quality Criteria for Hydrocarbons, DHEW Report AP-64, U.S. Dept. HEW, 
Public Health Service, Environmental Health Service, Washington, D.C., 
March 1970. 

10. P. 314 and 315 of Ref. 4. 

11. Chapman, R.L., Beckman InstrlDllents, Inc., October 30, 1972 private communication. 

12. King, W.H., Jr., Envir. Sci. and Tech., Vol. 4, No. 12, Dec. 1970, pp. 
1136-1141. 

13. Poli, A.A., and Zinn, T.L., Analysis InstrlDllentation, Vol. II, 1973, p. 
135. Presented: 19th Annual lSA Analysis Instr. SymposilDll, April 24-36, 
1973, St. Louis, MO. 

14. Photo courtesy Bendix Corporation, Process Instnunents Div., Ronceverte, W. 

15. Stevens, R.K., O'Keefe, A.E., and Ortman, G.C., l56th National A.C.S. 
Meeting, 1968, Atlantic City, N.J. 

16. Fee, G.G., in Air Quality InstrlDllentation, Vol. 1, Scales, J.W., Editor, 
lSA 1972,~Pittsburgh, PA J pp. 129 - 137. 



... 

17. Villalobos, R., and Chapman, .R.L. ,Air ~ality Instnunentation, Vol. 1, 
Scales, J. W. , editor, ISA, 1972, Pittsburgh, pp. 114 -128. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

. , 

Photo courtesy Beckman Instruments, Inc., Fullerton, CA. 

Photo courtesy Infrared Industries, Inc., Santa Barbara, CA. 

Houben, W.P., in Air Quality Instn.unentation, Vol. 1, J.W. Scales, Editor, 
Instrument Society of America, Pittsburgh, 1972, pp. 138-148. 

Photo courtesy Chrysler Corp., llintsvi1le, AL. 

I~es,W.B., Joint Conference on Sensing of Enviromnenta1 Pollutants, 
AIr, Vol. 1, Nov. 1971, paper 71-1088, Palo Alto, CA, pp. 1 - 3. 

Innes, W.B., and Andreatch, A.J., Envir. Sci.· ani Tech., Vol. 4, No.2, 
Feb. 1970, pp. 143-149. . 

Innes, W.B., Envir. Sci. and Tech., Vol. 6, No.8, Aug. 1972, pp. 710-715. 

Photo courtesy Purad, Inc., Upland, CA. 

P. 316 of Ref. 4. 

Jackson, M.W., J. APCA 11 (12),1966, p. 697. 

Konosu, H., Mashiko, Y.I., Sato, M., J. Chern. Society Japan, No.1, 
Jan. 1972, pp. 47-53. 

Kreuzer, L.B., Kenyon, N.D., Patel, C.K.N., Science, Vol. 177, 4046, 
July 1972, pp. 347-349. 

Krieger, B., Ma1ki, M. and Kumm.1er, R., Envir. Sci. and Tech., Vol. 6, 
No.8, Aug. 1972, pp. 742-744.· 

Preng1e, N.W., Jr., Morgan, C.A., Fang, C-S, Huang, L-K, Campani,P., 
and Wu, W.W., Env.Sci. and Tech., Vol. 7, No. 5,.May 1973, pp. 417-423. 

-

38 

Applications of Aerospace Technology in the Enviromnental Sciences, NASA, 
Research Triangle Institute, April 11, 1972-March 31, 1973, Res. Tri. Park, 'NC. 

33. Hrubesh, L.W., Joint Conference on Sensing of Enviromnenta1 Pollutants, 
Nov. 8-10, 1971, Palo Alto, CA - Also Lawrence Livennore Lab. Report UCRL 
73197, Livermore, CA. . 

34. 1972 Annual Book of AS1M Standards, Part 23, Water; Atomspheric Analysis, 
1972, AS1M, Philadelphia, PA, pp. 803-811. 

35. Methods of Air Sampling and Analysis, Intersociety Coomittee, Amer. Pub. 
Health Assn., 1972, Washington, DC, pp. 205~208. 

36. Environmental News, EPA News Brief, July 16, 1973, Washington, DC. 



r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
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any of their contractors, subcontractors, or their employees, makes 
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responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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