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directly into the ion source for analysis [9,141. However, for multi-component 

mixtures, the spectrum obtained from MIMS is complex and often difficult to 

interpret. 

The mechanisms of membrane permeation for VOCs depend upon the type 

of membrane used. In a porous membrane layer, convective flow occurs through the 

large pores, but selectivity with respect to water is low, while in gases, 'Knudsen 

diffusion processes occurs where the lighter molecules preferentially diffuse through 

pores which have diameters less than the mean free path of the molecules. A third 

mechanism for separation is molecular sieving in which huge molecules are 

excluded from the pores due to their size. Finally, in polymeric membranes, the 

permeation occurs via activated diffusion where the analyte dissolves into the 

membrane material prior to diffusing across it. 

The membrane utilized in our experiments is a composite membrane (Figure 

2) which incorporates two or more distinct layers. This membrane has a nonporous 

selective layer and a silicone layer deposited onto a porous support. Unlike the 

porous layer, which simply provides mechanical strength for the membrane, the 

nonporous layer offers high selectivity for organic molecules, which dissolve in the 

membrane matrix and diffuse under the concentration gradient. The combination of 

these layers into one composite membrane has the advantage of low-mass transfer 

resistance of the porous layer and the high selectivity of the nonporous layer [1 

15]. 
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3.3 Theory of Instrument Operation 

Analytes are loaded into a ten-port valve and through a sample loop (Figure 3). The 

sample can then be injected into the membrane module where it is carried by 

pumped Milli-Q deionized water. In the membrane module, organics begin to 

pervaporate through the membrane's inner wall and into the permeate side, where 

they are stripped off by nitrogen gas moving countercurrent to the flow of the eluent. 

Pervaporation is a unique phenomenon characterized by the imposition of a 

membrane layer between a liquid and a gaseous phase with mass transfer of solutes 

from the aqueous solution occurring selectively across the barrier to the gas side 

[16]. The permeated organics that come from the membrane module are then 

Figure 3 Pulse Introduction Membrane Extraction (DIME) setup 
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preconcentrated into a small sorbent cartridge referred to as the microtrap. After a 

sufficient time has elapsed (2-7 minutes), a pulse of electric current is applied to the 

microtrap. This results in desorption of the trapped organics as a concentration pulse, 

which serves as the injection into the GC where separation occurs. 

3.4 OLMEM and DIME 

In traditional analytical applications of membrane extraction, the sample is usually 

introduced continuously into the membrane, such as MIMS, where measurements 

are only made after permeation of the analyte through the membrane reaches a 

steady state. Previous developments in our group referred to OLMEM-GC [17-19], 

which also utilizes this same working concept, where a water (or air) sample is 

flowed through the membrane module, while a countercurrent stripping gas (N2) is 

passed on the outside of the membrane. The N2 transports the permeated analytes 

into a microtrap (small silica-lined tubing packed with adsorbent), which is then 

pulsed and the sample is subsequently injected into the GC. The OLMEM-GC 

configuration precludes it from having the capability to inject discrete samples since 

it flows continuously, and thus is only applicable for on-line analysis. Furthermore, 

it is necessary to wait until equilibrium is reached, a disadvantage since pulse 

injection prior to steady-state will result in a concentration value somewhere 

between the preceding and the current concentration value. Each chromatogram is an 

average response proportional to the permeation over that injection interval, since 
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the permeation flux is still not constant during this time. Measurements in this non-

equilibrium region will provide a result that deviates from the true concentration 

value. 

Permeation through polymers, is described by Fick's first law: 

where J is the gas flux, D is the diffusion coefficient and δc/δx is the concentration 

gradient. 

Fick's second law describes the analyte concentration as a function of 

membrane thickness and time: 

Measurement for OLMEM-GC is taken when the permeation rate reaches 

steady state. The left side of the equation 2 becomes zero and assuming that 

permeate side of the membrane is zero concentration, integration of equation 2 

results in a steady state permeation flux Jss: 

Jss=D(C/L) (3) 

where L is membrane thickness. The steady state permeation flux is constant for a 

certain sample concentration C. 

The development of PIME, on the other hand, can be used for discrete 

sampling and non-continuous monitoring of organics in water. PIME differs from 

OLMEM-GC in that it can analyze samples by direct injection into a ten-port valve; 

in addition, the valve can simultaneously be connected to a process or waste 

discharge stream. In both cases, a sample pulse injection is made to the membrane 

module where the extraction of organics occurs. Compared to OLMEM-GC, PIME 
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does not require a steady-state permeation flux for analysis since the membrane 

receives a sample pulse of certain duration At. Thus the errors associated with 

steady state requirement are eliminated. Response time for PIME-GC is defined as 

the required time for complete permeation of analytes across the membrane. An 

important factor that reduces the permeation flux and increases the response time is 

mass transfer resistance due to poor mixing of the water and membrane. Nitrogen 

purge, as will be discussed later, eliminates the boundary and reduces response time, 

and thus the frequency of analysis [9]. 

For a pulse sample input, the boundary conditions are as follows: 

At the feed side, at time t=0, C=O, changes to C=kC* 

At 0<t<∆t, C=kC* 

At t=At, C=kC*, change to C=0 

At t>At, C=0 

where C is the analyte concentration at the membrane surface, C* is the 

concentration in water and k is the distribution coefficient of the organics between 

water and membrane. 

Using the boundary conditions and solving for equation 1 and 2 gives us a 

mathematical solution. 

(4) 

Jns = Jss(2 E (-1)n  exp.{-n2  (11)2  (D(t)/12)}- 2E(-1)n exp. { -n2  (1)2  (D(t)/12)} ) when t < 

At (5) 

At is a function of both sample size and flow rate. If At is small, then 

analysis time is limited by the response time needed for complete permeation. 
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Response time in this case is defined as the time required for all analytes to permeate 

through the membrane, and it determines the frequency at which samples can be 

analyzed. If At is large, then analysis time approaches steady state. PIME  does not 

have a steady-state diffusion requirement, so the need to wait for equilibration after 

each sample injection is not necessary, and rapid sample analysis is feasible; 

moreover, each injection represents the true concentration value of the sample. The 

only consideration is removing any memory effect and sample carryover from the 

previous run, and this can easily be achieved by purging the membrane with N2 gas 

[9]. 

3.5 Optimization of the PIME 

3.5.1 N2 Purging to Decrease Response Time 

The analyte initially partitions into the membrane surface according to the partition. 

coefficient C=kC*, and equilibrium is established between the aqueous phase and 

membrane phase. The dissolved analyte rotates and translates the polymer segment 

utilizing diffusion activation energy, and then creates a suitable size vacancy for the 

analyte to move into, which is in the direction of the concentration gradient [9]. 

The boundary layer, which has been studied extensively [20-23], is a 

stagnant film formed at the membrane's surface, which prevents analyte diffusion 

and mass transfer. Specifically, its contribution to mass transfer resistance is a 

function of the chemical nature of the analyte, the hydrodynamic condition, and the 

membrane thickness. The Reynolds number represents the hydrodynamic condition: 

Re=(vdp)/u (6) 
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where v is the velocity of the water, d is the diameter of the tubing, p is the sample 

density and u is the viscosity of the sample. A Reynolds number of 20,000 and over 

usually eliminates the formation of any boundary layer. In our previous studies, our 

Reynolds value was calculated to be less than 300 with a membrane thickness as thin 

as 0.025 mm, which would indicate the presence of a well-formed boundary layer 

and thus a significant resistance to mass transfer. 

The field portable GC uses the PIME setup in conjunction with an N2 purge. 

The nitrogen purge is used to break up the boundary layer formed on the surface of 

the membrane, thereby reducing the tailing and response time that would normally 

affect an OLMEM-GC system. The considerable tailing of the analyte's response is 

due to the axial mixing of the sample with the eluent water. Ideally, the sample 

should enter the membrane as a slug or block profile, but this is not the case. 

Instead, a skewed Gaussian curve is the resulting profile with a long tailing time. 

Use of an N2 purge after the maximum response is reached reduces the analysis 

time. However, a slight reduction in the overall sensitivity is the trade-off. For 

example, if the purge interval (interval between sample injection and nitrogen purge) 

is only 1 minute, the tailing response lasts for only 5 minutes. However, detection 

limit goes up since the extraction efficiency of the membrane goes down. If no 

purge is employed, then tailing response can last up to 25 minutes [9]. In the PIME 

portable field setup, the purge interval was set at 4 minutes to clear out the 

membrane for the next sample. Since the GC temperature programming was set to 

ramp up to 150 C, the microtrap was pulsed toward the end of the run to clear out 
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any remaining trace VOC contaminants that were stripped by the nitrogen from the 

membrane module; thus, the membrane and trap were clean upon equilibration of the 

GC system. 

3.5.2 Using a Spiral Membrane Module 

The portable PIME system's sensitivity was further enhanced using a spiral module 

membrane. The spiral module was constructed by inserting 3 hollow membrane 

fibers through the length of a straight tube (40 cm). The tube was then circularized 3 

times so that the diameter of each spiral was about 1 I cm. The spiral module allows 

more perturbation in the membrane matrix because of the sample flow path, hence 

minimizing the boundary layer and allowing an increase in mass transfer of analyte 

to membrane. 

From previous studies, it had been shown that system response increases with 

increasing membrane length, since extraction efficiency also increases. 	For 

example, a 40em membrane fiber quantitatively extracts more from the sample than 

a 10cm membrane's fiber simply because of the increase in membrane active surface 

area. It follows that multiple fibers of membrane will also increase system response 

as sample residence time is increased. In the portable PIME setup, the use of 3 

membrane fibers was sufficient to extract most of the analytes in the low ppb levels. 

In the following paper, the field application of PIME-GC for continuous and  

non-continuous analysis of halogenated volatile organics is presented. A sample 

valve is used for injecting the samples into the membrane module for both discrete 

and on-line monitoring. For on-line analysis, the sample is injected into the 
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membrane at set interval times. For each sample loading, an injection is made for 

GC analysis. A comparison of field data and a certified commercial laboratory's 

data will also be presented, which will be used to evaluate the performance of the 

field PIME instrument. 



CHAPTER 4 

EXPERIMENTAL 

To minimize the cost of deployment, our site selection criteria was based on the 

following factors: easy accessibility with a normal two-wheel drive vehicle, 

contaminated media of interest (groundwater) containing the target analytes, an 

appropriate facility location and presence of support personnel. The Naval and 

Engineering Station (NAES) is located in Lakehurst, NJ (Figure 4) and was therefore 

readily accessible by car from NET. 	The NAES was designated as an NPL 

(National Priority List) site in 1987, and the contaminated areas were identified 

through review of facility records, aerial photographs, interviews with past and 

present base personnel, and visual observation. Areas of concern varied in size from 

Figure 4 Naval and Engineering Station (NAES), Lakehurst, NJ 
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a few square feet to several acres. The most common substances released at these 

sites were aviation fuel, gasoline, lubricating and hydraulic oils and other solvents. 

Thus halogenated VOCs were known to be present in groundwater in the low ppb 

levels. Support personnel in the base proved to be helpful in collecting well samples 

from the groundwater, and were very accommodating in our gaining access to 

several locations within the site to set up our instrumental apparatus. 

4.1 Instrumental Apparatus 

Our injection volume was selected to be one milliliter. This provided adequate 

sensitivity for ppb level analysis. The injection was made using a one-milliliter 

sample loop constructed of 1/8 inch stainless tubing and mounted on an automatic 

ten port valve. The membrane (0.290 mm OD x 0.240 mm ID, Applied Membrane 

Technology) was composed of a 1 um thick film of homogeneous siloxane as the 

active layer supported with a layer of microporous polypropylene. The membrane 

module was constructed by inserting 3 composite membrane strands through the 

stainless steel tubing (0.5 mm ID, Restek Corp.) and sealed at both ends with "T" 

units (Small Parts Co.). Epoxy was then applied to both ends of the "T" units 

thereby separating the gas inlet/outlet from the aqueous phase. 

Approximately 15 cm length of fused silcosteel tube was packed with 0.035g 

of Carbotrap C adsorbent (Supelco, PA). The microtrap was placed between the 

membrane module and the capillary column. Approximately ten amperes of electric 

current was supplied by a variac to rapidly heat the microtrap. The microtrap was 

pulsed for a period of 1.2 seconds at 30 Volts and the interval between pulses were 
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set such that the analytes permeated through the membrane and column separation 

was completed. The microtrap operation was controlled using a microprocessor-

based controller developed in-house. 

A portable pump (FMI Lab Pump QG150) was used to pump the water 

eluent through the 10-port valve and membrane module. The capillary column used 

was a J&W Scientific DB-624 0.53 ID 30-meter column that was suitable for 

halogenated organics and was as per specification of related EPA methods. 

Countercurrent nitrogen flow was used as the stripping gas and the flow rate was set 

to 7 ml/min. The temperature programming was as follows: 45 C hold 6 min, 15 

C/min ramp to 150C. 

Figure 5 Simplified Diagram of Basic Dry Electrolytic Conductivity Detector 
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A SRI Instrument model 8600/9300 portable GC equipped with a 

photoionization (PID) and dry-ELCD (DELCD) detector was used for analysis (SRI 

specifications are shown in Table 1). Because of its selectivity and sensitivity to 

halogenated compounds, ELCD is widely used in environmental analysis, and is 

specified in many EPA methods for detecting organic pollutants in drinking water 

[24]. 	The PID detector was in series with the DELCD but was not used for 

quantitation since the target analytes were halogenated VOCs and more amenable to 

DELCD quantitation. 

The conventional electrolytic conductivity detector contains reference and 

analytical electrodes, a gas-liquid contractor, and a gas-liquid separator. 	The 

conductivity solvent enters the cell and flows by the reference electrode. 	It 

combines with the gaseous reaction products in the gas-liquid contactor. This 

heterogeneous mixture is separated into gas and liquid phases in a separator, with the 

liquid phase flowing past the analytical electrode. The electrometer monitors the 

difference in conductivity at the reference electrode (solvent) and the analytical 

electrode (solvent + carrier + reaction products). [25] 

The DELCD, in contrast to the conventional ELCDs, operates slightly in a 

different manner. The halogenated compounds exiting from the analytical column 

are immediately reacted in an air-rich reactor heated to 1000 C, where it is oxidized 

and quantitated by the detector's platinum collector electrode element. Since the 

DELCD operates in an oxidative mode, it requires a constant flow of air to maintain 

the reaction. Compressed air from a gas tank was redundant for this GC operation 

since there was a built-in air pump in the GC unit that supplants this need [26]. Thus, 
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the only gas tank necessary to operate this GC/DELCD configuration is the carder 

gas, which is N2. Performance-wise, the DELCD is similar to that of the 

conventional ELCD described above. The significant advantage of the DELCD is 

that it does not use any solvents since all the reaction products are detected in the gas 

phase. 

The computer used was an IBM PC110, which is at the moment the smallest 

Windows 95 "notebook", and most powerful high-end palmtop available. It is about 

the size of a VHS-video cassette (about 1/6 smaller in width). At this small size, the 

analyst could have the power of a 486 CPU and the expandability through PCMCIA-

II/III ports and a small docking station. The serial connection in the docking station 

was used to connect to the SRI portable GC. 

Software used for data collection was the Peaksimple Data System supplied 

by SRI Instruments. It provided precise temperature controls for the GC oven and 

its detector. Calibration, real-time qualitative/quantitative analysis, documentation 

of analytical results, and report output were also controlled and handled by this data 

system. Thus, on-site analysis was greatly simplified and reliability of the tests was 

also greatly improved. 

Appendix A shows the field PIME configuration used for discrete sample 

testing and continuous monitoring of groundwater. 
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Table 1 SRI SPECIFICATIONS 9300 GC 

Oven Size I 0" x 4.75" x 3" 
TEMPERATURE Ambient to 400 degrees Centigrade. 0 to 400 degrees 

Centigrade with subambient option. 

TEMPERATURE 
PROGRAMMING 

Oven temperature program computer-controlled by 
software supplied with the chromatograph or isothermal. 
Unlimited temperature ramps. 

TEMPERATURE/PRESS 
URE DISPLAY 

t 

Multifunctional display (LCD) — indicates set and actual 
temperature for heated zones, detector voltages and 
currents. Temperature displayed to 0.1 degrees, pressure 
to 0.1 psi. 

CARRIER GAS FLOW 
CONTROL 

High precision pressure regulator with thermostated flow 
controller, calibrated in ml. per minute, regulating the flow 
of carrier gas through the column. 

DETECTORS AVERAGE DETECTION 
LIMIT 

DESCRIPTION 

P D 100 ppb Mounts accepts HNU-type 
lamps — supplied with 10.2 
Electron volt lamp. 40 ul 
cell volume, 0 to 2 mA. 
Adjustable lamp current 
with LCD readout. 

ELCD I ppm Selective to halogenated 
compounds. 

FID I ppm Provides universal response 
to most organics. 

WEIGHT 30 to 60 pounds 

DIMENSIONS 11.25" x 13"d x 13"h 

POWER 
REQUIREMENTS 

110 VAC, 60 Hz / Consumption approximately 750 watts. 
May be operated with I2VCD for isothermal operation 
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4.2 Overview of Field Test 

A groundwater sampling program generally includes investigating the presence or 

absence of contamination in a given study area and defining the extent of 

contamination. This is confirmed by drilling monitoring wells around the site. 

For the discrete sampling study, groundwater collection from 5 pre-drilled 

monitoring wells was completed in one day. Collected samples were split into two 

sub-samples, one for PIME on-site analysis on the day of sampling, and the other 

was shipped to a certified analytical laboratory for analysis. The samples were 

collected, labeled, stored, and shipped in accordance to the EPA Guidelines for 

sample collection [27]. 

For the continuous monitoring study, the samples were previously analyzed 

and reported out by the reference lab for one of the pump and treat locations prior to 

the field test, so no split sub-samples were necessary. Thus for this part of the study, 

accurate comparison of the field and reference data could be compromised. 

4.2.1 Standard Preparation 

Certified Stock Standards were purchased from NSI Environmental Solutions, and 

were used to make up working standards as follows: 

1.25 ml each of 5000 ug/ml stock standards of 1,1-Dichloroethane, cis-1,2- 

Dichloroethylene, 	Tetrachloroethylene, 	1 ,1 ,1-Trichloroethane, 	and 

Trichloroethylene were pipetted into a 25 ml volumetric flask containing 
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deionized water and then diluted to volume to make a 250 ppm secondary 

dilution standard {solution a). 1.25 ml each of 1000 ug/ml stock standards of 

trans-1,2-Dichloroethylene and 1,1-Dichloroethylene were pipetted into a 5 ml 

volumetric flask containing deionized water and then diluted to volume to make 

a 250 ppm secondary dilution standard (solution b). 

e Pipetted 0.1 ml of solutions (a) and (b) into a 50 volumetric flask containing 

deionized water and diluted to volume to make a 500-ppb working standard 

solution. 

O Pipetted into separate 50-m1 volumetric flasks 0.1, 0.2, 0.5, 1, 2, 3, and 4 ml of 

solution (c) and diluted each to volume with deionized water to make a 1, 2, 5, 

10, 20, 30, and 40 ppb, respectively of calibration standard solutions. 

e Diluted the 1 ppb calibration standard solution 1:1 v:v to make a 0.5 ppb 

standard. 

A quality control (QC) standard was injected before the field samples. The QC 

standard was a 20-ppb working solution prepared similarly as the calibration 

standards. Only method blanks, which consisted of HPLC-grade water, were used to 

safeguard against chronic laboratory contamination. 

4.2.2 Discrete Analysis of Field Samples 

For the discrete configuration, a 5-ml gas-tight stainless-steel syringe was used to 

withdraw a 5-m1 sample from the 25-m1 sample vial containing the well sample. 

The needle was removed and a filter cartridge was placed in between the syringe and 
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the needle. The sample was then loaded into the injection valve. Since the sample 

loop capacity was only 1 ml, excess sample from the syringe was deposited into a 

waste bottle. The sample in the loop was then injected into the eluent stream, which 

carried it into the membrane module. After a 7-minute wait, the microtrap was 

pulsed using a controller and a variac, and the data acquisition software was started. 

Four minutes into the GC run, the eluent pump was switched off, and the two-way 

valve was switched from the water eluent to the nitrogen gas to purge the membrane. 

4.2.3 Continuous Monitoring of Pump and Treat Facility 

The PIME was also configured to do on-line monitoring of a groundwater pump and 

treat facility. The setup was analogous to the discrete configuration except that the 

PIME's ten-port valve was directly connected (using approximately 20 foot tubing) 

to the influent inlet of the pump and treat facility, thereby bypassing the syringe 

injection port of the valve. Opening the inlet valve at the bottom of the pretreatment 

tank released a constant stream of untreated groundwater into the PIME's ten-port 

valve and into its 1-ml sample loop. The valve was left open for a sufficient enough 

time (7 min) to allow a "fresh" sample to enter the sample loop from the length of 

the tubing. The sample was then injected into the eluent stream upon switching the 

valve. Table 2 summarizes the configuration and programming parameters used in 

the discrete and continuous field tests. 
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Table 2 PIME Gas Chromatograph Operating Conditions 

GC SRI Instruments 8600/9300 Series/ Peak Simple Win95 

Injector Microtrap-based, 0.0035 mg Carbotrap C (Supelco) 

Column J&W Scientific DB-624 0.53 ID 30-meter 

Protocol/ 

Temperature 

Programming 

Non-Continous 
Sampling 

0 min: Sample loaded and injected 

7 mm: Microtrap pulsed for 1.2 sec 

GC temp. programming initiated: 

45C hold 7 minutes 

15C/min ramp to 150C 

I min: N2 purging initiated 

14 min: N2 purging terminated 

Continuous 
Sampling 

0 min: Microtrap pulsed for 1.2 sec 

4 min: Inlet valve open to load sample 

11 min: Inlet valve shut/ Inject sample 

15 min: N2 purging initiated 

18 min: Microtrap pulsed for 1.2 sec 

GC temp. programming initiated: 

45C hold for 6 minutes, l5C/min ramp to 
120C 

45C hold for 7 minutes (equilibration)  

Note: 18 min = 0 min 

Data Acquisition IBM PC110 Palmtop/ Peak.simple 32-bit operating on Win95 

Sample Valve 10-port Valve / Accepts Discrete/Continuous Samples 

Sample loop: J ml 

Detector PID / Dry ELCD in Series -4 Gain set at high/ Attenuation: I 

Carrier Gas Nitrogen at 7 ml/min 

HPLC Water Flow 0.85 ml/min 
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4.2.4 Analytical Method/Instrumentation of Reference Laboratory 

For the discrete analysis, the Naval and Engineering Station sent their part of the 

split sample for analysis to VAL Associates Laboratory, Inc., a contract laboratory 

that specialized in water, air and soil analysis. The samples were received on the 

same day of collection, but were not analyzed until the following week. For 

continuous monitoring part of the study, however, samples were previously analyzed 

by Aguilar Associates, also a contract lab. The methods employed for testing were 

EPA Methods 502.2 and 524.2. Quantitation of the organics was made with the 

former method while the latter was used for verification since it utilized mass 

spectrometry. Results were reported out almost one month after sample collection. 

Method 502.2 [10] was used for identification and measurement of purgeable 

volatile organic compounds in raw source water, or drinking water at any treatment 

stage. The highly volatile organics are extracted from the sample matrix by bubbling 

an inert gas (N2) into the 5-ml sample. The purged organics are carried and trapped 

into a tube containing sorbent material. The sorbent material is then heated after 

complete purging and the organics are desorbed into the GC. The column is 

temperature programmed to separate the analytes, which are then detected with a 

photoionization detector (PID), and a halogen specific detector placed in series. 

Identifications are confirmed by analyzing standards under the same conditions 

based on matching retention times. Quantitation is then done based on a calibration 

curve. 

An O.I. Model 4430 photoionization detector mounted together with the 

model 4420 electrolytic conductivity detector (ELCD) as a dual detector was used to 
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develop the single laboratory method performance data for Column 2. The system 

and the operating conditions used to collect these data are listed in Table 3. 

Table 3 Commercial Laboratory Purge and Trap Specifications (Method 502.2) 

Gas Chromatograph GC not specified 

Column: 105 m long x 0.53 mm ID, J&B DB-624 capillary 

column 

Temperature Programming 35C hold 10 minutes 

4C/min ramp to 200C, held until all compounds 

elute out 

The purge-and-trap unit: 0.1. 4460A 

Detector PID/ELCD 

Reactor tube: Nickel 1/16 in. OD & .02in.ID 

Reactor temperature: 950°C 

Reactor base temperature: 250°C 

Electrolyte: 100 % n-propyl alcohol 

Electrolyte flow rate: 0.050 mL/min. 

Reaction gas Hydrogen at 100 mL/min 

Carrier gas plus make-up gas: Helium at 30 mL/min. 



CHAPTER 5 

RESULTS/DISCUSSION 

5.1 Groundwater Areas of Contamination 

5.1.1 Site Description and Observed Contamination 

Results for the discrete field-testing are summarized in Table 4. A brief description 

of each well site (Figure 6) will be discussed below along with the observed VOC 

levels. Five well areas were tested: Area F, H, J. K, and I. These areas were 

specifically selected for field-testing since the presence of the target halogenated 

VOCs and their approximate concentrations were relatively well known. 

Area H is where the Recovery System Track sites were located. This site was 

used for the operation of experimental machinery during the late '60s and early 70's. 

The chemicals used in the operation and maintenance of sled-mounted aircraft and 

simulated aircraft landings at this location were assumed to be responsible For all the 

groundwater contamination. In addition, it was reported that jet fuel, hydraulic fluid 

and ethylene glycol were used and stored at this site. This site had been 

Figure 6 NAES well testing sites used in the field study: Area F, H, I, J and K 
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Table 4. Comparison of PIME and P&T for Halogenated VOCs in Groundwater 
concentration in ppb 

SAMPLE 1,1 Dichloroethylene trans  1,2 Dichloroethylene 1,1 Dichloroethane cis 1,2 Dichloroethylene 1,1,1 Trichloroethane Tricholoroethylene Tetrachloroethylene 

FINE FT FINE P&T FINE P&T Technique FINE P&T PIME PIME P&T FINE P&T FINE P&T 

1.05 <0.5 ND <5 ND 067 11.92 1251 ND <0.5 37.42 2289 ND 1.15 

Well NAESU 0.83 <5 ND <05 ND <0.5 28.53 21.55 ND <5 8.58 645 ND 082 Well

NAES LK 1.5* <5 3* <5 0.5* <5 303.80 191.60 ND <5 155.49 158.50 157.50 10.2W 

Well NAEKLJ ND <25 ND <5 ND <0.5 ND <05 ND <05 ND <5 ND <5 Well

 A 7.46 560 02 <5 6.19 6.03 48.62 5.271 6.35 <05 15.24 1317 8.00 9C0 

ND= not detected 
* = Single point calibration 

3
2

 



33 

successfully treated by the cleanup facility, but a proactive approach is still being 

taken in decontaminating the area. From the field test results, it was shown that 1,l 

Dichloroethylene, cis 1,2 dichloroethylene and trichloroethylene were present, but in 

fairly low ppb levels. 

Area I/J is located in the west central portion of the naval base. It had been 

documented in previous studies between 1985-1992 that the main contaminations in 

the site occurred in groundwater, and were due to halogenated volatile organic 

compounds. Contamination levels in Area I were present but at low concentrations, 

and were likely the result of contaminated wastewater releases into the drainage 

swale at Site 3. Field analytical measurements in Area J showed that very low, if 

any contamination, existed at this site. On the other hand, Area I showed relatively 

higher levels of chlorinated organic contamination. Area I is situated south of the 

Catapult runaway. The contamination could be traced to areas where steam cleaning 

of a number of equipment had occurred. Other sources cited were from catapult 

testing, and unregulated disposal of liquid wastes in the vicinity. From 1958-78, 

industrial wastewater (hydraulic fluid, ethylene glycol, trichloroethylene and 

lubricating oil) was generated from the surrounding buildings (catapult facility, 

power plant, photography lab, etc.) and dumped into holding ponds. It had been 

determined that volatile organics and inorganics still persist to contaminate the area, 

and thus remedial action is still ongoing. Again, our field testing of the area verified 

that levels of trichloroethylene and cis-1,2 dichloroethylene were significantly higher 

in this location than Area J 
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Area F contained the most types of halogenated species. Six out of the seven 

targeted compounds were detected in the well sample. Only trans-1,2 

dichloroethylene was not detected. However, of the six halogenated VOCs in this 

well, 1,1,1-Trichloroethane was the only compound that was characterized by the 

field PIME but not detected by the reference lab (Appendix B1 shows well LF 

sample chromatogram). 

In comparison to all other areas tested, Area K proved to contain the most 

substantial levels of contamination. Site 4 (Deadload Maintenance Shop, Bldg. 

372), between the late 50's and early 80's, was used to store drums of dry cleaning 

solvent, trichloroethylene and lubricating oil for equipment maintenance purposes. 

Unfortunately, barrels were reported to have leaked and contaminated the ground 

soil with tetrachloroethylene and trichloroethylene. Thus, NAES initiated an 

extensive program to carefully monitor this area by adding several more monitoring 

wells in order to better determine the extent of the contamination. The primary 

contaminants found in Area K were trichloroethylene and tetrachloroethylene. 

Field-tests in that area showed both tetrachloroethylene and trichloroethylene levels 

at about 150 ppb, cis-1,2 Dichloroethylene also was present in high levels at 300 

ppb (PEL in water is 0.07 mg/L), while trace levels of 1,1 dichloroethylene, 1,1 

dichloroethane and trans-1,2 dichloroethylene were detected. Site remediation for 

Area K is still ongoing [28]. 
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5.2 Field Test Limitations 

During the discrete (non-continuous) portion of the field test, time was an important 

factor since all 5 groundwater well samples had to be analyzed at least in duplicate 

in one day in addition to the calibration curve, QC standard check, and blank. Due 

to the time constraints, a fairly small number of samples were collected, which 

significantly reduced our ability to draw up any conclusions about the target analytes 

to be compared with the reference lab. For example, 1,1 dichloroethane occurred 

only once in the entire study, so the assumption that the PIME data was equivalent to 

reference lab data really could not be made with any confidence. One way of 

dealing with our small amount of sample pairs was to pool all our samples into one 

group so that most of the uncertainty measurement factors would average out. In 

doing so, we assumed that the accuracy and precision data for the various target 

compounds were not too different from each other. This was a fair assumption to 

make for this study, since all our target compounds were halogenated VOCs with 

similar chromatograph and detection properties. Consequently, in pooling our 

samples, we would be able to gain an understanding of the overall performance of 

the field PIME system compared to the reference lab [291. 

In addition to the somewhat small population of samples analyzed, another 

limitation was encountered in dealing with the PIME accuracy criteria--whether we 

could really assume the reference laboratory data to be the "true" concentration of 

the sample, with no inaccuracies or deviation. The performance criteria of +1- 20% 

percent difference (used in EPA 502.2 and 8260) was therefore increased to 50% to 

account for any unexpected variations found in the reference measurements. 


