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Thesis Abstract 

A presertation of the results of this investigation was given at 
the first annual Argonne Undergraduate Symposium at Argonne 
National Laboratory on November 2, 1990, and the following 
abstract was included in the anthology of papers presented at the 
conference. 

The Effec~s of Moisture Gain in Activated Charcoal When Measuring Radon 

Concentrations in Air by liquid Scintillation Methods, M.D. Reese*, D.R. Ober, 

D. Govaer, Department of Physics and Astronomy, Ball State University, 

Muncie, IN 47306. 

Because of the high counting efficiency and automation, liquid scintillation 

detectors provide an attractive method for determining radon concentrations in 

air. In this study, a two-gram quantity of activated charcoal was placed in a vial 

and used to measure radon in air, no desiccant was included in the vial. A 

series of 48-hour measurements were made with standard canisters and vials, 

each containing activated charcoal. The canisters were then analyzed in the 

traditional method using sodium iodide detectors. In the analysis of the vials, 

10 ml of scintillation fluid was added to each. After approximately ten hours, 

the samples were counted in a liquid scintillation system. A comparison of the 

results indicated a good linear relationship between the results obtained by 

standard canister methods and an adjusted counts per minute of the vials. The 

results also indicated that it is possible to apply water correction factors to the 

vials in a similar manner as is done in the canister method, thereby obtaining 

similar concentration results in both methods . 
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The Effects of Moisture Gain on Activated Charcoal When 

Measuring Radon Concentrations in Air by Liquid Scintillation Methods 

1. Introduction 

The measurement of radon concentrations in indoor air has become an area 

of intense interest in the past few years. The harmful effects of prolonged 

radiation exposure have been well documented 1, therefore, when the 

Environmental Protection Agency (EPA) released the results of its first 

national radon study, many people became extremely concerned. The EPA's 

study indicated that 25% of the homes that they tested had levels above their 

chosen 4.00 pCi/1 action level 2. It was believed that homes above this level 

provided an unnecessarily high risk of lung cancer for the occupants, and it 

was consequently recommended that everyone should have his/her home 

tested for radon. 

A very popular, reliable, and cost effective method of screening for radon 

is by exposing activated charcoal canisters, and then counting the gamma-ray 

radiation associated with radon decay products using sodium iodide (Nal) 

detectors 3; however, since very few Nal crystal scintillation systems are 

automated, there is a considerable amount of time and labor involved in the 
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analysis of tile canisters by this method. The canisters typically used in this 

method contain 75 grams of activated charcoal, which increases the shipping 

and handlin~~ costs, thereby increasing the entire cost of the process. In 

contrast, the automation and high efficiency of liquid scintillation systems 

utilizing lightweight vials containing one or two grams of activated charcoal 

makes liquid scintillation an attractive method for analyzing large quantities 

of radon tests at low cost. Current measurements using this method employ 

vials that contain a desiccant pack which reduces the moisture uptake of the 

charcoal; excessive water uptake effects the efficiency of the detector 4. 

Kits utilizing a desiccant can cost as much as $2.50 per vial 5. Therefore, in 

order to reduce expenses in testing for radon, the question was asked whether 

or not a procedure could be developed to determine radon concentrations by 

liquid scintillation where one did not use a desiccant, but corrected for 

moisture uptake in a manner similar to that when using the 75-gram 

canisters and Nal detector methods. 

If a liquid scintillation method utilizing a desiccant-free vial could be 

devised, thEm the question was also asked about the effect that water gain 

would have on the two grams of activated charcoal in the vials. The analysis 

of the 75-gram canisters according to EPA protocol contains a correction 

2 
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factor which takes humidity levels into account, but no such factor currently 

existed for the vials. Consequently, it was decided to determine a 

relationship between canister and vial water gains, and thereby produce 

correction factors for the two-gram activated charcoal vials for use in the 

liquid scintillation method. 

The current investigation was therefore undertaken to comparA the radon 

concentrations obtained with the canister/Nal method and those obtained 

with the vial liquid scintillation method. This paper will first give 

descriptions of radon concentration analyses by the 75-gram canister 

technique and the 2-gram vial technique. Next, a description will be given of 

the results obtained from comparing the two methods with and without mass 

gain considerations in the 2-gram vials. Finally, some conclusions will be 

drawn and some suggestions will be offered for investigating the 2-gram vial 

technique in the future. 

3 
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II. Detection of Radon and its Daughter Products 

A. Radon/Daughter Decay Processes 

Radon is a naturally occurring inert gas produced from the radioactive 

decay of uranium-238. If radon enters a home, school, or other building where 

people live, work, or spend a great deal of time, over a period of years, the 

possibility then exists for the people to inhale the gas and/or its daughter 

products. Unfortunately, when further decays occur in the lungs, the damage 

over a period of years can be sufficient to induce lung cancer 6. Therefore, 

every attempt should be made to reduce radon levels in homes, schools, and 

the workplace. 

Uranium-238 is an alpha-emitter which begins a decay chain of alpha and 

beta emissions, eventually producing radon-222, as shown in Fig. 1. 

UnfortunatE!\y, the damage to the lungs does not end here. Radon is itself an 

alpha emittl3r, as shown in Fig. 2; and it too is just the beginning of a series 

of alpha, bHta, and gamma emitters, known as daughter products, which 

eventually decay to 206Pb, a stable isotope of lead. When the daughter 

products of radon attach to particles in the air, the potential exists for the 

particulate matter to attach in the lungs and cause damage during the decay 

process. 

4 
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Urani um-238 Decay Chai n 

Uranium 238 
Protactineum 

Unnium 234 Thorium 230 Thcr~;.;m 234 234 Radium 226 
f--+ f--+ f-t f-t f-+ I-

4.4 7 x 1 0 9 y rs 2r~ . jays 1 .17 min. 6 4 1600 yrs. 2.45xl0 yrs. 7.7 x 10 yrs. 

1 

1 
Radon 222 15.49 MeV 

al pha 
3.82 days 

(0:) 

- Fig. 1 The uranium-23B decay chain to radon-222. 
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Redon-222 Dece!d Chei n 

Redan 222 15.49 MeV 
sl phs 

3.82 days 
(0: ) 

gamma 
Poloni urn 218 eRa A) 6.00 MeV 

('I ) 
3.05 mi n. 

81 phe 

7.590 ( 0:) 
242 keY 

295 keY Lead 214 eRa B) 

26.8 min. Beta 

.- 352 keY en) 

609keV 

Bismuth 214 (Ra C) 
768keV 

19.9 min. Beta 

1120keV 
(n) 

15.190 

Po1oni um 214 eRa C') 7.69 MeV 
sl phs 

-4 
(0: ) 1.64 x 10 sec. 

Fi g. 2 The redi oect i ve dece!d of redon-222 end its daughters. 
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s. General Detection Methods 

The same emission particles which cause damage in the lungs also can be 

detected, thereby verifying the presence of the elements of interest, 

particularly radon. A Nal crystal scintillation spectrometer is the most 

common instrument used for measuring gamma radiation. Two daughter 

products of rad~n (214Pb and 214 Si) are gamma emitters, as shown in Fig. 2. 

If the characteristic gamma rays of these daughters are detected, then it is 

known by tllis indirect evidence that radon itself is present. As incoming 

gamma-ray radiation strikes any material, any of the three interaction 

processes are likely to occur - the photoelectric effect, Compton effect, or 

pair production. In a simple spectrometer system, energy is released in the 

form of light flashes, or scintillations, as radiation interacts with the 

scintillator material. These photons strike a photocathode, releasing 

photoelectrons, which are subsequently multiplied, amplified, and eventually 

counted as voltage pulses by a single channel or multichannel analyzer. The 

most common variety of scintillator material is thallium-doped sodium 

iodide (Nal(TI)). Sodium iodide crystals do not offer the best spectral 

resolution, however, they are relatively inexpensive and serve well in the 

simple radiation screening measurements used in radon analysis 7. 

7 
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If radon and its daughter products only emitted gamma radiation, crystal 

scintillators would be the only logical choice; however, Fig. 2 shows that 

polonium-218, polonium-214, and radon-222 are all alpha emitters, and both 

lead-214 and bismuth-214 are beta emitters. Because of the low penetration 

abilities of alpha and beta particles, Nal crystal scintillators are seldom used 

for measuring alpha or beta radiation. For this reason, liquid scintillation 

systems which incorporate the sample directly in the scintillator material 

are used. In this case, alpha or beta particles are emitted by the sample 

directly into a scintillation fluid. The small flashes of light which are 

released are detected by two phototubes. Because the sample pulses are 

comparable in size to the background radiation pulses (quite small), the 

amplified pulses are fed into a coincidence circuit designed to discriminate 

against the "background noise" signals. These output pulses are then fed into 

three scalars which are set at three different energy window settings 

typically associated with 3H, 14C, and 32p radiations 8. 

The scintillator material used in the process of liquid scintillation is 

obviously a flu~d. A suitable scintillation fluid must consist of three parts. 

The primary fluor converts the alpha or beta energy to light energy. The 

component known as the secondary fluor is used to shift the light energy to a 

8 
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wavelength which the phototubes can detect with more efficiency. Finally, an 

inexpensive, yet suitable solvent is used as a "filler", since only small 

quantities of the fluors are necessary to produce high efficiency results 9. 

Scintillation fluids based on toluene or mineral oil are quite common, 

relatively inexpensive, and produce impressive counting results. 

9 



- C. Charcoal Canister Detection Method 

As noted earlier, a popular method of radon screening is by the activated 

charcoal canister method. For this study, four-inch metal charcoal canisters 

manufactuf43d by F & J Specialty Products, Miami Springs, Florida, were used 

to absorb the radon in the air. The canisters contained 75 grams of an 8 x 16 

mesh Calgon Corp. Type PCB activated charcoal, which was covered with a 

wire mesh screen. The canisters were exposed for 48 hours and then resealed 

to allow the radon and its daughters to reach equilibrium. 

To measure the gamma-ray radiation from the canisters, a sodium iodide 

(Nal(TI)) spectrometer system was used. This system consisted of a sodium 

iodide scintillation crystal, photomultiplier tube, high voltage source, 

preamplifie-, linear amplifier, and a multichannel analyzer. A block diagram 

of this set-up is shown in Fig. 3. 

PM Pre-
Amp MeA Nal crystal tube Amp f----t f---f 

Source 

T 
High 

Voltage 

Fig 3. Block diagram of an Nal spectrometer system to measure gamma radiation. 

-
10 



- The system was calibrated with a 7.3-kBq standard radium sample (in a 

similar canister as the samples) for a one-minute period, and background 

measurements were taken for the detector for a ten-minute period. The 

counting periods 'here chosen to achieve suitable statistical accuracy. A 

typical sodium iod~c!8 spectrum of radon daughter products is shown in Fig. 4 

with the labf31ed g~mma-ray photopeaks from the decays of the two radon 

daughters (Ra Band Ra C); in all analyses an integral sum of counts was taken 

which included the 295-, 352'-, and 609-keV gamma-ray photopeaks. The 

canisters W!3re each counted for a ten-minute period. This information and 

the mass gain measurement due to water moisture uptake were used to arrive 

at a final concentration in pCi/1 using Eq. 1 : 

where 

Net CPM 
Rn (pCi!l) = ----­

(Texp) (E)( CF)( DF) 

Net CPM = Total counts - Background counts 

Texp = Canister Exposure Time 

E = Detector Efficiency 

CF = Humidity Factor 

OF = Radioactive Decay Factor given by e-(ln2fT1 12) 

T 112= Half-life of radon-222 (3.8 days) 

11 
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The process of system calibration, background measurement, sample 

measurement, and sample analysis required approximately 30 minutes to 

complete for one round of canisters. Obviously, the amount of time necessary 

to complete larger numbers of canisters depends on the number of detectors 

available ard the capability of the multichannel analyzer, but in general, the 

process is time-consuming for any large volume of tests. In actual practice 

in this investigation, a four-detector system was used for the canister 

analyses. After initial calibrations were completed, approximately 20 

canisters per hour could be analyzed. 

12 
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Fig. 4 A portion of a gamma-ray spectrum associated with the decay 
of radon daughters. The darkened region of interest shows 
the three gamma-ray photopeaks and the region of energy 
used to determine radon concentrations by the canister method. 
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D. Liquid Scintillation Vial Detection Method 

Because of the excessive time and labor involved in analysis by the 

canister method, a method utilizing a liquid scintillation system can be used 

as an alternative, as outlined by Schroeder, Vanags, and Hess in their paper. 

The purposE~ of their investigation was to develop an inexpensive detector for 

mea3uring radon in indoor air utilizing liquid scintillation techniques. 

AlthuiJgh thE3ir paper dealt briefly with the effects of humidity on activated 

charcoal, Schroeder, Vanags, and Hess chose to use a desiccant pack to reduce 

moisture uptake in the charcoal, and they consequently did not determine 

humidity co'rection factors. The results of their study indicated that liquid 

scintillation is a viable method for radon detection in air. In addition, 

desiccant cartridges included in the vial performed well at temperatures 

below 21°C and relative humidity levels below 50%; however, Schroeder 

admitted that it would be "desirable to determine rough moisture correction 

factors" 10 , particularly for those situations not ideal for the use of a 

desiccant. 

For this current study, 20-ml glass vials with 3/4" diameters were used. 

The same charcoal was used in the vials as was used in the 75-gram 

canisters, however, only two grams were placed in the vials. Analogous to 

14 
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the canister measurements, the vials were exposed for 48 hours and then 

sealed with their plastic screw-type caps. Next, 10 ml of high efficiency 

mineral oil scintillator PSS-007H (manufactured by Biotechnology Systems­

DuPont) was added to each vial, and then each vial of charcoal was allowed to 

reach an equilibrium in its build-up of activity in the scintillator fluid. Ten 

hours was determined as the minimu(l1 time needed for the activity to reach a 

stable, equilibrium level inside a via:. A description of this determination 

will be given in the next section. After the build-up period, the vials were 

counted witt, a Beckman 3801-Liquid Scintillation system for ten-minute 

periods. Er,ergy spectra for tritium, carbon-14, and radon-222 obtained with 

the Beckman 3801 are shown in Fig. 5. One can observe the wide distribution 

of energies characteristic of beta decays of the radon daughters, and the two 

peaks in the radon "window" are evidence of the three alpha emissions of 

radon and two of its daughters (218PO and 214PO) with energies of 5.49, 6.00, 

and 7.69-MeV, respectively. For each round of vial tests, a duplicate, 

unexposed charcoal vial was used to obtain background counts for the series. 

15 
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The net counts from a sample minus the background count was then adjusted 

for exposure time and delay time using Eq. 2 : 

Adj. CPM = Net CPM 

(0.693 )t 
T1/2 d e (2) 

( 0.693 )t 
1-e- T112 ex 

x 
CF 

where Net CPM = Total counts - Background counts 

tex = Vial exposure time 

td = delay time from midpoint of exposure to start of count time 

T 112 = Half-life of radon-222 (3.8 days) 

- CF = Humidity factor (0.1025 for no correction) 

16 
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Fig. 5 An energy spectrum of tritium, carbon-14, and radon-222 
obtained with a Beckman 3801-liquid scintillation system. 
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III. Experimental Considerations 

A. Establishment of Radioactive Buildup 

After scintillation fluid is introduced into a vial, a period of time exists 

when the ac:ivity of the sample must be permitted to build up to an 

equilibrium It3vel and reach a reasonable level of stability. This equilibrium 

level is the result of two separate effects which occur because of the 

introduction of the scintillation fluid, each taking a certain amount of time to 

complete. To begin, the radon gas which was adsorbed by the activated 

charcoal is chemically released into the scintillation fluid. Next, as each 

particle radioactively decays in the fluid, daughter products are formed, 

which in turn decay into more daughter products (see Fig. 2). The relative 

amounts of each daughter product in the vial are under constant change over 

several hou;s because of the continuous radioactive decay process, and 

therefore, tr,e total count rate will be inconsistent over the same time period. 

Consequently, in order to insure a stable count rates during the counting 

period, the radon gas must be given enough time to be released from the 

charcoal and to achieve relative radioactive equilibrium with its daughter 

products inside the vial. 

The time necessary for this buildup was determined by experiment, as 

18 
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shown in Fig. 6. Two vials were exposed for 48 hours and then sealed; 10 ml 

of mineral oii scintillator fluid was then added to each vial. Next, each vial 

was counted for 10-minute periods every one or two hours for 24 hours 

beainning immediately after the scintillation fluid was added. This data was 

corrected for the radioactive decay of radon-222 and plotted as a function of 

time in Fig. 6 (see Appendix A). The graph clearly shows that until the 

ten-hour mark, the activity of the sample continued to steadily increase. 

Error bars were added (due to counting statistics only), but were sufficiently 

small to indicate that the graph is an accurate description of the process as 

it is shown. Consequently, it was concluded that samples counted before at 

least ten hours of build-up of the activity would produce erroneously low 

count rates, and thereby yield erroneously low radon levels. 

19 
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Fig. 6 A graph depicting the results of liquid scintillation 
analyses as a function of time, thus demonstrating the 
bUild-up of radioactivity in charcoal vials . 
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B. Experimental Details - Vial/Canister Analysis 

In this investigation, approximately 200 pairs of vials and canisters were 

exposed side by side for 48 hours in varying radon concentration 

environments, ranging from near outdoor levels to 16 pCi/1. The 

concentrations for the canisters and radon half-life adjusted counts for the 

vials were both obtained using the previously described methods of counting 

and analysis (see Appendix B). Radon concentrations/adjusted CPM values for 

each canister/vial pair were then plotted on a graph, as shown in Fig. 7. A 

visual inspE~ction of the data indicated that a linear relationship existed, so 

regression analysis was performed and yielded Eq. 3 : 

Y = 0.0111 *X - 0.01066 (3) 

where Y = canister pCi/1 

X = vial adjusted CPM 

Error bars (due to counting statistics only) are shown; the statistical 

uncertainty in the V-intercept was sufficiently large to indicate that the y 

intercept was essentially zero, as one might expect. Obviously, a zero 

concentration result with the canisters should yield a zero concentration 

result with the vials. Uncertainties with the intercept from the regression 

analysis indicated this to be true also (see Appendix C). 

21 
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This data was plotted assuming zero moisture gain for the vials; the next 

procedure was to consider analyses which incorporated a moisture gain 

correction. 

22 
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Fig. 7 A comparison of radon concentrations (pCi/l) by the 
canister method to results obtained by liquid 
scintillation (vial adjusted counts per minute). 
No corrections were made for vial moisture content. 
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C. Determination of Humidity Correction Factors 

A series of canister/vial measurements of radon concentration was 

performed where the masses of each canister and vial were carefully 

measured before and after a 48-hour exposure (see Appendix D). The resulting 

mass gains were analyzed to determine whether there was a simple 

relationship between the canister and vial moisture gains. The resulting 

data, as shown in Fig. 8, did not appear to reveal a simple linear relationship, 

however, it was determined that Eq. 4 provided a good representation of th.e 

relationship of water moisture gain in the two containers. The line 

associated with this equation is shown in Fig. 8. 

where, 

deIM(c) = 19.039*deIM(v)o.674 

delM(c) = canister water moisture gain 

deIM(v) = vial water moisture gain 

(4) 

The EPA's empirical moisture gain Correction Factor (CF) curve for 

75-gram ca.nisters is shown in Fig. 9. The curve shows the humidity 

correction factors for 2-day exposures as a function of water gain. The curve 

in Fig. 10, along with the associated equation shown, is used to calculate 

correction factors for exposure times other than two days for 20%,50%, and 

80% humidity levels. This study only considered two-day exposures, as 
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shown by the vertical line in Fig. 10. From these curves (Fig. 9 and Fig. 10) 

and Eq. 4 given in Fig. 8 , a new Correction Factor curve was developed for the 

2-gram vials by converting the moisture gain values to equivalent CF values 

(see Appendix E). This new CF curve for 2-gram charcoal vials is shown in 

Fig. 11. An average CF was computed for each of the humidity levels shown on 

the graph. These level:;, along with their respective vial moisture gains and 

humidity correction faGors are given in Table::: below. 

Table I 

Humidity Level Moisture Gain (g) CF (I/min) 

20% 0.00-0.01 0.106 
50% 0.01-0.099 0.907 
80% 0.099+ 0.076 

Table I. Average humidity correction factors for low, medium, 
and high humidity levels. 

The new water moisture correction factors were then applied to the 

previous vial adjusted counts values to produce a new "corrected" curve of 

vial CPM vs. canister radon concentrations, as shown in Fig. 12. As one would 

expect, the slope of the line did change slightly from the previous 

uncorrected curve (Fig. 7). 
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Fig. 8 Comparison of moisture gain by activated charcoal in 
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Fig. 11 Experimentally determined correction factors (CF) for 
two-day exposures of activated charcoal vials for low, 
medium, and high humidity levels. 
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- IV. Experimental Results 

An additional stage of the investigation was to determine whether the 

newly obtained moisture corrected curve for the vials (Fig. 12) could 

reproduce thH results obtained by the canisters with reasonable accuracy and 

consistency. Sixteen pairs of canisters and vials were exposed, sealed, and 

eventually analyzed exactly as before. These samples had been exposed at 

relatively high (8-10 pCi/l) and low (-1.5 pCill) radon concentration levels. 

The results by the canister method were obtained exactly as before. The 

results by thE~ vial method were obtained using counts corrected for 

moisture, and then corrected using the equations obtained from the 

regression analysis to express the results in pCi/1. Table I I shows that the 

results for the corrected values are easily within an error ± 0.5 pCill (at low 

concentrations) or within 25% (at higher concentrations), which are 

acceptable ranges (according to EPA protocol) in screening measurements of 

this type 13. It is also important to note that the mass gains were 

succesfully predicted to within 0.04 g (Table III), which predicted the 

proper humidity level, and therefore the proper humidity correction factor in 

every case. Consequently, it is concluded that the 2-gram charcoal vial 

analyses are able to succesfully reproduce the 75-gram canister results. 
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10# 

Table II 
Radon Canister and Vial Comparison 

(Radon Concentration in pC ill) 

Vial 
Canister Vial Vial(CF) Ditt. 

Vial(CF) 
Ditt. 

--------------------------------------------------------------

1 9.06 9.71 9.54 0.63 0.46 

2 7.53 8.37 7.98 0.84 0.45 
3 8.20 9.80 9.52 1.60 1.32 
4 10.15 10.35 10.26 0.20 0.11 
5 9.06 9.59 9.31 0.53 0.25 
6 8.85 8.77 8.72 -0.08 -0.13 
7 8.42 7.81 7.62 -0.61 -0.80 
8 8.06 7.69 7.43 -0.37 -0.63 
9 8.00 7.64 7.45 -0.36 -0.55 

10 9.87 9.82 9.54 -0.05 -0.33 
1 1 1 .51 1.72 1.88 0.21 0.37 
12 1.25 1.22 1.39 -0.03 0.14 
13 1.23 1.55 1.70 0.32 0.47 
14 1.21 1.08 1.23 -0.13 0.02 
15 1.19 1 .10 1.28 -0.09 0.09 
16 1.59 1.58 1.79 -0.01 0.20 

- - - - - - - - _. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Table II. A comparison of the determination of radon concentrations by the canister 

method to concentrations predicted from two-gram vial measurements; no 
moisture corrections were used to obtain Via/ results, while moisture 
corrections were used to obtain Via/reF) results. 
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- Table III 
Radon Canister and Vial Comparison 

Moisture Gain (g) 

Predicted 
10# Canister Vial Vial Ditt. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -
1 3.51 0.062 0.081 0.019 

2 3.26 0.059 0.073 0.014 

3 3.36 0.077 0.076 -0.001 
4 3.44 0.084 0.079 -0.005 

5 3.36 0.081 0.076 -0.005 
6 2.92 0.090 0.062 -0.028 
7 2.03 0.073 0.036 -0.037 

8 2.64 0.059 0.053 -0.006 

9 3.06 0.065 0.066 0.001 
10 1.77 0.071 0.029 -0.042 
1 1 4.56 0.109 0.119 0.010 

12 4.06 0.108 0.101 -0.007 
13 3.63 0.106 0.086 -0.020 
14 3.84 0.101 0.093 -0.008 
15 4.99 0.117 0.137 0.020 
16 4.68 0.129 0.125 -0.004 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Table II I. A comparison of canister moisture gains to actual vial moisture 
gains and predicted vial moisture gains using Eq. 4. 
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-- V. Conclusions and Closing Comments 

It has been shown that two-day screening measurements for radon 

concentrations can be reliably made with two grams of activated charcoal in 

20-ml liquid scintillation vials (with no desiccant) and subsequent c~:~nting 

by liquid scintillation methods. In addition, the humidity correction reF) 

factors empirically developed by the EPA for 75-gram canisters can fJe used 

(with a slight modification) to correct for moisture gain in the vials, thus 

eliminating the need for a desiccant, and the extra labor and cost involved 

with the use of a desiccant. In commercial kits, this could reduce expenses 

from as much as $2.50 per vial to just a few cents per vial (which includes 

the nominal cost of the charcoal). 

Liquid scintillation counting is a highly efficient and automated method; 

less charcoal is needed to acquire the same results as with the 75-gram 

canisters, and the vials can be run continuously without constant human 

supervision. Overall the vial method without a desiccant cartridge can 

provide a cost-effective, reliable, and less-labor intensive method for 

determining radon concentrations in air screening measurements. 

In future studies, it is suggested that investigations be carried out using 

less expensive types of scintillation fluid. It would also be worthwhile to 
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study a wider range of humidity levels, thus seeing the true usefulness for 

the humidity correction factors. Finally, it would be very worthwhile to 

determine water moisture correction factors for any exposure time period 

(one to seven days) and extend the results for the 48-hour exposure time :;. 

this investigation to the one-to-seven-day data provided by the EPA in 

canister measurements. 

This author understands from personal experience the large amount of 

time and effort which must be spent in the preparation and analysis of any 

radon measurements using a large quantity of the conventional charcoal 

canisters. It is therefore concluded that the liquid scintillation method 

(without desiccant packs) can serve to eliminate "canister labor," and yet 

provide reliable radon concentration results at lower costs . 
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Appendix A 

This appendix includes the experimental data associated with the 
radioactive buildup presented in Fig. 6. 
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Equilibrium Curve Data 
(see Fig. 6) 

Time (hrs.) Raw CPM Tdel(hrs.) Corrected CPM 
--_ .. - - - - - --- - ----- --- --- -- ---- --- --- --- - - - - - - -----

0.54 82.90 5.59 86.48 
1.05 113.00 6.90 119.06 

3.10 137.80 8.15 146.56 

7.51 182.94 12.60 201.24 
9.08 200.54 14.10 223.11 

10.66 203.16 15.70 228.78 
12.23 207.30 17.28 236.25 
13.81 213.16 18.86 245.85 
15.39 212.50 20.44 248.04 
16.97 224.60 22.00 265.27 
18.54 216.90 23.60 259.30 
20.12 223.04 25.17 269.83 
21.69 218.17 26.74 267.09 

-" 

-
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Appendix B 

This appendix includes the database information obtained during 
this study. Following is a list of entries making up the 

spreadsheet/database: vial 10#'s, canister 10#'s, vial net counts 
per minute, vial exposure time (Texp), vial delay time (Tdel), vial 

initial mass [M(i)], vial final mass [M(f)], canister mass gain 
[deIM(c)], vial mass gain [deIM(v)], vial adjusted counts per minute, 

moisture correction factor, vial adjusted counts per minute 
(humidity corrected), and canister concentration (pCi/I). 
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Study of Yials VI. canistefs - "arty Reest -- Data file 
Yill • Can I Net CP" Te~p Tdtl "( Il "If) del"lv) dtl"(cl Adj CP" Cone. (e) CF CF-CP" 

---.-------------_ .. _------------------.------------------------------------------------------------------------------
1 6.8 41.1 13.6 19.02 19.17 0.14 4.02 28.12 0.19 0.078 36.16 .. 2 13.2 48.0 27.8 18.66 18.81 0.15 5.9 53.41 0.21 0.078 68.48 ~ 

3 3 9.2 48.0 16.4 18.e6 lB.99 0.18 4.65 34.28 0.21 0.078 43.95 
4 4 4.8 48.0 30.0 18.63 18.82 0.19 4.77 19.30 0.26 0.078 24.74 
~ 5 7.9 48.2 97.4 6.67 54.54 0.28 0.078 69.92 
6 6 11. 2 48.8 31. 6 lB.97 lB.9B 0.01 0.63 46.08 0.28 0.106 43.47 
7 7 10.2 49.0 25.2 lB.66 19.81 0.28 8.9 40.61 0.3 0.078 52.07 
9 9 17.1 48.8 35.2 lB.32 lB.32 0 0.75 72.29 0.34 0.106 68.20 
9 9 14.3 48.8 36.0 18.82 18.90 -0.02 0.78 60.82 0.34 0.106 57.39 

10 10 12.5 47.2 43.7 18.42 18.43 0.01 0.64 57.94 0.36 0.106 54.66 
11 11 30.7 51.0 20.5 19.96 18.97 0.19 7.36 111.92 0.39 0.079 143.48 
12 12 14.7 46.3 40.1 17.98 18.00 0.02 0.95 67.37 0.39 0.106 63.56 
13 13 11.2 4B.O 46.4 lB.19 lB.06 -0.13 0.73 52.25 0.40 0.097 53.96 
14 14 13.B 46.2 43.3 19.34 18.33 -0.01 0.74 64.92 0.40 0.106 61.24 
15 15 15.B 49.8 34.2 17.6 17.59 -0.02 0.79 66.29 0.40 0.106 62.54 
16 16 12. 0 48.8 34.3 19.13 19.07 -0.06 0.61 50.39 0.40 0.106 47.54 
17 17 IS.7 60.1 61.4 3.41 69.35 0.40 0.106 64.48 
19 18 6.0 48.0 46.0 19.22 lB.1B -0.04 0.74 27.91 0.43 0.106 26.33 
19 19 14.5 45.5 43.9 17.92 17." 0.02 0.73 69.40 0.44 0.106 65.47 
20 20 10.4 48.8 33.4 17.95 17.95 0.00 0.69 43.37 0.45 0.106 40.92 
21 21 22.9 48.8 34.7 18.87 IB.97 0.00 0.84 96.45 0.46 0.106 90.99 
22 22 25.8 4~.4 44.8 lB.44 18.44 0.00 0.77 124.56 0.46 0.106 117.51 
23 23 11. 9 48.8 31.3 19.37 19.37 0.00 0.65 48.85 0.48 0.106 46.08 ,-
24 24 14.b 48.8 34.9 19.98 19.87 -0.01 0.69 61.58 0.51 0.097 63.49 
25 25 10.5 48.8 36.7 18.92 18.90 -0.02 0.75 44.90 0.52 0.106 42.36 
26 26 19.6 4B.8 33.8 18.64 18.64 0.00 0.93 81. 99 0.53 0.106 77.35 
27 27 15.9 46.0 46.1 18.65 lB.66 0.01 0.8 76.67 0.54 0.106 72.33 
28 28 18.4 45.5 44.2 18.86 18.85 -0.01 0.7 88.27 0.55 0.097 91.00 
29 29 20.0 47.5 37.9 19.19 19.21 0.02 I. 26 88.25 0.55 0.097 90.98 
30 30 7.2 48.0 45.9 19.08 19.09 0.01 0.82 33.46 0.56 0.106 31.57 
31 31 16.7 48.0 46.3 18.57 18.58 0.01 1 77.BS 0.56 0.079 99.BO 
32 32 12.8 46.3 43.3 18.20 18.25 0.05 3.07 60.10 0.57 0.097 61.96 
33 33 21. 9 46.9 IS.6 18.53 18.64 0.15 5.53 82.80 0.57 0.097 85.36 
34 34 17.8 47.0 31. 3 18.47 18.24 -0.23 1.64 75.38 0.57 0.097 77.71 
35 35 21.7 48.4 37.S 19.13 19.15 0.02 1.09 93.99 0.58 0.097 96.90 
36 36 26.6 47.1 34.0 18.08 lB.08 0.00 1. 27 114.77 0.60 0.097 118.32 
37 37 15.B 48.B 31.1 18.76 lB.77 0.01 0.8 64.76 0.60 0.097 66.70 
38 38 19.0 45.5 3b.1 18.29 18.32 0.03 1. 39 85.73 0.60 0.097 88.38 
39 39 19.9 46.8 lb.4 lB.71 18.B5 0.28 4.83 75.33 0.61 0.078 96.58 
40 40 19.5 48.8 38.1 19.06 19.06 0.00 0.85 84.27 0.62 0.106 79.50 
41 41 16.7 48.8 35.1 lB.44 19.07 -0.37 0.7 70.55 0.63 0.106 66.56 
42 42 22.2 48.0 31. 3 18.10 18.09 -0.02 1.06 92.38 0.64 0.097 95.24 
43 43 14.7 48.8 30.6 18.22 lB.21 -0.01 0.74 60.02 0.64 0.097 61.88 
44 44 3.7 48.8 36.9 18.09 18.08 -0.01 0.74 15.B4 0.b4 0.106 14.95 
45 45 49.3 47.8 40.8 19.33 19.34 0.01 0.85 215.81 0.64 0.106 203.59 
46 46 19.4 47.0 43.7 17.65 17.66 0.01 1.15 90.24 0.64 0.097 93.03 
47 47 15.7 51. 0 19.7 19.34 19.47 0.14 5.15 56.85 0.65 0.097 72.9B 
48 4B 28.1 45.B 37.1 17.68 17.58 -0.10 1.2 127.05 0.66 0.097 130.98 - 49 49 21.3 47.5 43.2 lB.94 18.93 -0.01 0.67 97.83 0.b6 0.106 92.30 
~o 50 20.2 46.2 42.7 18.33 18.31 -0.02 0.78 94.S9 0.66 0.106 89.24 
~1 51 19.5 46.6 3~.2 18.60 18.60 0.00 1.04 85.6b 0.67 0.097 88.31 
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Vial I Can I Net CPII Texp Tdel 1I(i) IIlf) dellllv) d.IPlle) Adj CPPI CDne. Ie) CF CF-CPII 
-------------------------------------.-------------------------------------------------------------------------------

52 52 23.5 48.8 34.0 18.40 18.40 0.00 0.79 98.45 0.70 0.106 92.88 
53 53 17.3 46.1 46.2 18.37 18.37 0.00 0.78 83.34 0.70 0.106 78.62 
54 54 21.1 48.0 39.8 18.50 18.52 0.02 1.25 93.64 0.71 0.097 96.53 
5S 5~ 19.7 48.0 36.4 18.66 18.62 -0.04 1.38 85.20 0.72 0.097 87.84 
56 56 20.1 44.8 40.5 IB.7S 18.76 0.01 1.35 97.92 0.72 0.097 100.95 
57 57 17.3 48.0 13.5 18.51 18.54 0.03 0.92 62.92 0.73 0.097 64.87 
58 58 16.3 45.9 31. b IB.36 18.36 0.00 1. 41 70.57 0.73 0.097 72.75 
59 59 19.3 47.9 32.1 18.14 18.15 0.01 1.28 76.75 0.73 0.097 79.12 
60 60 2.9 45.5 44.0 18.51 IB.5 -0.01 0.72 13.41 0.73 0.106 12.65 
61 61 2B.O 47.0 38.7 19.06 18.07 0.01 0.84 125.40 0.73 0.097 129.28 
62 62 31. 5 47.3 42.2 19.00 19.00 0.00 0.81 144.10 0.73 0.097 149.55 
63 63 16.1 46.2 42.6 IB.OI 17.6 -0.41 0.79 75.34 0.74 0.106 71.07 
64 64 16.4 48.8 32.5 18.86 19.86 0.00 0.76 67.93 0.74 0.106 64.09 
65 65 19.6 48.8 39.4 18.45 18.44 -0.01 0.73 85.54 0.76 0.106 80.70 
66 66 14.3 48.8 33.1 18.68 18.62 -0.06 0.64 59.50 0.76 0.106 56.14 
67 67 19.8 45.9 33.7 18.13 18.13 0.00 0.98 87.25 0.77 0.097 89.95 
68 69 18.7 48.0 43.8 19.36 19.35 -0.01 0.93 85.54 0.77 0.097 88.18 
69 69 19.5 48.8 37.2 18.60 18.59 -0.01 0.83 83.70 0.79 0.097 86.29 
70 70 13.4 48.8 31.1 19.14 19.08 -0.06 0.73 54.92 0.79 0.106 51.81 
71 71 12.6 46.1 45.9 18.40 18.39 -0.01 0.86 60.56 0.81 0.097 62.43 
72 72 12.7 61.7 9.9 4.4 36.71 0.82 0.078 47.06 
73 73 23.0 45.8 33.9 18.53 18.56 0.03 1.16 101. 50 0.82 0.097 104.64 
74 74 18.5 47.1 45.2 18.5 18.52 0.02 0.79 86.89 0.83 0.106 81. 96 
75 75 10.b 40.2 43.2 17.69 17.71 0.02 0.93 49.83 0.84 0.097 51.37 
76 76 17.3 43.9 34.2 18.77 19.77 0.00 1. 42 79.45 0.84 0.097 Bl.90 .- 77 77 2~.2 48.8 30.3 18.10 18.09 -0.01 1.13 102.66 0.85 0.097 105.84 
78 7B 15.1 48.0 43.9 18.41 18.42 0.01 0.59 69.12 0.85 0.106 65.21 
79 79 14.0 4B.O 31. 9 18.59 18.59 0.00 1.1 58.52 0.85 0.097 60.33 
80 80 8.5 51.0 63.2 4.99 43.02 0.85 0.07B 55.15 
81 81 10.7 47.7 36.3 18.37 17.49 -0.88 1.37 46.4B 0.86 0.097 47.92 
82 82 31.5 47.1 35.6 17.14 17.14 0.00 1.11 137.56 0.87 0.097 141. 82 
83 83 21.3 49.2 36.7 18.40 18.41 0.01 0.94 92.02 0.87 0.097 94.86 
84 84 17.9 45.5 45.3 19.10 18.11 0.01 0.79 86.59 0.87 0.106 81.b9 
85 85 10.3 47.8 32.0 20.25 20.27 0.02 0.85 43.24 0.87 0.097 44.~8 
86 86 17.5 47.8 31.1 17.75 17.66 -0.07 1.14 72.97 0.66 0.097 75.22 
87 87 25.2 46.0 37.9 18.08 18.09 0.01 1. 29 110.24 0.89 0.097 113.64 
66 98 25.8 48.0 37.1 18.31 18.35 0.04 2.07 112.18 0.89 0.097 115.65 
89 89 19.3 46.1 43.0 17.98 17.98 0.00 0.92 86.05 0.89 0.097 88.71 
90 90 21. 5 48.0 43.6 18.87 19.86 -0.01 0.69 96.19 0.90 0.097 101. 23 
91 91 26.0 47.3 36.6 17.59 17.62 0.03 1.17 114.00 0.92 0.097 117.53 
92 92 17.0 48.0 31.7 17.97 17.92 -0.05 2.95 70.96 0.92 0.097 73.1~ 
93 93 22.9 47.2 44.6 19.24 19.25 0.01 0.72 106.86 0.95 0.106 100.82 
94 94 22.2 47.3 34.S Ie. 11 18.13 0.02 1. 29 95.81 0.95 0.097 98.77 
95 95 19.3 48.0 41. 4 18.25 18.27 0.02 1.07 86.69 0.97 0.097 89.37 
96 96 16.8 44.2 34.3 17.67 17.82 -0.05 1.29 76.62 0.97 0.097 78.99 
97 97 21.9 47.2 43.9 19.14 19.15 0.01 2.24 101. 66 0.97 0.097 104.80 
98 98 25.6 45.8 35.8 19.25 19.25 0.00 0.87 114.61 0.98 0.098 116.95 
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Vial , Can I Net CPI'I Texp Tdel 1'I(i) 1'1 (f) delll(v) delll(c) Adj CPI'I CDne. (el CF CF-CPI'I 
---------------------------------------------------------------------------------------------------------------------- 99 99 24.7 47.8 33.3 IB.41 18.41 0.00 1.5 104.71 1.02 0.097 107.95 

100 100 30.8 48.0 38.7 19.04 19.03 -0.01 0.81 135.55 1.05 0.098 138.32 
101 101 15.0 47.9 40.1 19.40 18.42 0.02 0.96 69.51 1.06 0.098 70.92 
102 102 25.5 48.3 35.3 18.21 IB.22 0.01 1.16 108.81 1.09 0.098 111.03 
103 103 22.7 48.0 36.2 18.96 18.98 0.02 1.16 98.03 1.09 0.098 100.03 
104 104 22.4 45.8 36.0 18.29 IB.31 0.02 1.0B 100.44 1.11 0.097 103.54 
105 105 29.1 48.2 30.3 lB.34 lB.35 0.01 1. 16 lL9.77 1.11 0.097 123.47 
106 lOb 23.1 4B.O 41. 2 17.93 17.95 0.02 1.28 103.60 1.11 0.097 106.81 
107 107 22.2 48.6 33.3 18.62 18.58 -0.04 1.08 92.83 1.13 0.097 95.70 
lOB 108 25.6 47.9 39.7 17.84 17.B5 0.01 1.24 113.72 1.15 0.097 117.23 
109 109 30.2 4B.5 14.8 18.86 18.98 0.11 3.88 109.83 1.16 0.097 113.23 
110 110 26.4 48.0 35.2 lB.40 18.38 -0.02 1.05 113.15 1.16 0.097 116.65 
111 111 20.3 47.5 40.2 18.28 18.29 0.01 1.94 91.15 1.18 0.097 93.97 
112 112 25.3 47.9 39.1 18.60 18.61 0.01 1. 41 111. 8B 1.21 0.097 115.34 
113 113 26.5 49.0 28.7 19.22 19.37 0.11 8.9 106.30 1.23 0.097 109.59 
114 114 31. 9 46.7 40.5 18.38 lB.36 -0.02 0.67 145.55 1.23 0.097 150.05 
115 115 21.4 47.7 29.3 lB.12 17.99 -0.13 1. 63 88.17 1.24 0.097 90.90 
116 116 43.1 46.9 42.5 18.71 18.74 0.03 1.38 199.01 1.26 0.097 205.17 
117 117 15.6 4B.O 35.8 IB.45 18.39 -0.07 1.44 67.17 1.29 0.097 69.24 
I1B liB 36.2 47.7 39.3 IB.28 18.29 0.01 1.11 160.87 1.30 0.097 165.85 
119 119 20.1 44.7 42.7 17.99 18.01 0.02 1.3 96.76 1.30 0.097 99.76 
120 120 39.2 47.1 41.9 18.22 IB.23 0.01 0.99 179.55 1. 31 0.098 lB3.21 
121 12l 28.B 47.9 32.4 18.72 18.73 0.01 1.26 121. 06 1.3~ 0.097 124. BO 
122 !22 31.0 48.0 36.4 18.63 18.51 -0.12 1.29 134.08 1. 36 0.097 138.22 
123 123 31.1 4B.0 42.3 19.21 19.24 0.03 1.62 140.65 1.37 0.097 145.00 - 124 124 30.2 46.8 33.5 18.54 18.55 0.01 0.33 130.50 1. 38 0.106 123.11 
125 125 27.1 48.0 42.7 18.37 IB.38 0.01 1.48 122.93 1.38 0.097 120.73 
126 126 30.4 48.5 13.9 19.35 19.47 0.11 3.92 109.95 1.39 0.097 113.35 
127 127 37.7 H.O 45.0 19.11 19.12 0.01 0.86 177.09 1.45 0.097 182.56 
128 128 28.1 47.0 37.6 17.84 17.83 -0.01 0.73 124.Bl 1.~3 0.106 117.74 
129 129 24.4 49 27.8 18.20 18.48 0.15 5.15 97.05 1.55 0.099 98.03 
130 130 20.3 61.3 19.7 4.21 63.55 1.57 0.07B 81. 47 
131 131 14.3 48.0 42.1 18.58 18.59 0.01 1.61 64.57 1.70 0.097 66.57 
132 132 19.3 47.B 40.8 18.45 17.98 -0.47 0.85 96.60 1.82 0.097 89.28 
133 133 3B.9 48.9 39.2 18.77 18.75 -0.02 0.83 169.22 1.B7 0.097 174.46 
134 134 24.7 44 81 3.55 160.75 2.19 0.078 206.09 
135 135 53.9 46.7 42.8 IB.47 18.48 0.01 1.03 250.34 2.26 0.097 258.0B 
136 136 53.4 47.2 44.1 17.75 17.78 0.03 I. 37 24B.25 2.32 0.097 25~.93 
137 137 41. 5 47.1 40.7 18.68 18.68 0.00 1.4B 188.36 2.49 0.097 194.19 
138 13B 53.9 46.3 42.1 19.49 19.51 0.15 1.36 250.Bl 2.74 0.097 258.56 
139 139 84.2 48.8 32.1 18.41 IB.43 0.02 1.15 347.72 2.90 0.097 358.47 
140 140 65.1 46.5 45.3 18.49 lB.48 -0.01 0.35 309.23 3.0B 0.106 291.73 
141 141 75.2 48.8 28.9 18.99 19 0.01 1.27 303.13 3.0B 0.097 312.~O 
142 142 52.B 46 41. 7 4.63 246.28 3.28 0.078 315.74 
143 143 74.9 46.0 41. 4 19.05 19.05 0.00 1.21 348.57 3.36 0.097 359.35 
144 144 50 48.B 29.0 18.89 IB.99 0.00 1.17 201. 70 3.42 0.097 207.94 
145 145 17.8 47.0 3b.9 19.13 19.14 0.01 1. 32 343.73 3.58 0.097 354.36 
146 146 69.5 48.2 39.7 18.72 lB.73 0.01 1. 32 307.13 3.64 0.097 316.63 
147 147 72.1 47.0 32.1 IB.79 18.81 0.02 1. 36 307.18 3.67 0.097 316.68 
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- Vial I Can • Net CP" Texp Tdtl "( i) " (f) deU\{v) dtl"(c) Adj CP" Cone. (c) CF CF-CP" 
--------------------------------------------------------------------------------------------------------------------. 

148 148 77.6 48.9 39.1 19.04 19.04 0.00 1.09 331.32 3.92 0.097 347.7~ 

149 149 68.0 48.8 35.2 17.89 17.90 0.01 0.89 287.48 3.97 0.097 296.37 
1~0 150 ~5.1 41.0 30.4 19.03 19.04 0.01 1.20 231.75 4.0~ 0.097 238.92 
151 151 101. 5 48.5 41. 3 18.50 18.~1 0.01 1.19 451.68 4.10 0.1011 426.11 
1~2 152 ~1.5 48.5 39.0 18.41 18.42 0.01 0.83 225.22 4.13 0.097 232.19 
153 153 98.3 49.0 38.0 lB.98 18.97 -0.01 1.12 423.05 4.14 0.097 436.13 
154 154 78.6 47.0 36.7 18.16 IB.19 0.03 1.61 346.74 4.17 0.097 351.46 
155 155 58.7 48.3 39.2 18.95 18.94 -0.01 1. 00 251.98 4.1B 0.097 265.96 
156 m 57.7 4B.O 52.9 10.90 282.50 4. 18 0.01B 362.18 
151 157 91. 3 48.8 3e.5 17.66 17.66 0.00 0.92 395.75 4.32 0.1011 373. 35 
158 158 98.9 49.5 32.7 18.91 18.94 0.03 1. 21 412.38 4.35 0.097 425.14 
159 159 123.5 48.6 36.0 19.17 19.18 0.01 1.18 527.08 4.35 0.098 ~37.83 

160 160 95.2 48.6 40.6 lB.18 18.19 0.01 0.94 420.69 4.47 0.106 396.87 
161 161 73.7 48.8 35.~ 18.35 18.37 0.02 1.23 312.29 4.50 0.097 321.95 
162 162 99.4 48.5 36.5 19.44 19.43 -0.01 1.21 383.64 4.52 0.097 395.51 
163 163 119.1 48.8 43.4 18.43 18.45 0.02 1.29 535.74 4.72 0.097 5~2.Jl 
164 164 114.8 48.~ 32.1 18.32 18.35 0.03 1.33 476.51 4.80 0.097 491.25 
165 165 70.3 47.0 31. 5 18.86 18.87 0.01 1.72 298.16 4.81 0.096 3l0.58 
166 166 84.6 48.6 29.2 18.09 18.11 0.02 1.10 342.95 5.06 0.098 349.9~ 
167 167 115.3 47.1 39.1 18.28 18.29 0.01 1.36 517.04 5.14 0.097 533.03 
168 168 90.3 47.0 31.7 18.31 18.33 0.02 1.51 383.56 5.47 0.097 395.42 
169 169 98.2 47.0 32.2 18.91 18.93 0.02 1. 31 418.70 5.50 0.097 431.65 
170 170 50.9 46.2 83.9 4.05 324.95 5.84 0.018 416.60 
171 171 126.9 47.0 39.6 18.77 18.79 0.02 1.80 572.22 ~.92 0.097 589.92 - 172 172 150.2 46.3 44.4 19.14 19.18 0.04 1.88 711.18 ~.93 0.097 733.11 
173 173 169.3 48.8 42.3 18.34 18.35 0.01 1.30 755.25 5.95 0.097 778.60 
174 174 144.0 48.~ 36.B 19.09 19.08 -0.01 1.~O 619.35 5.96 0.097 638.51 
175 175 91.9 46,9 39.2 18.38 18.40 0.02 1.50 413.88 6.04 0.097 426.68 
176 176 76.6 50.1 100.3 3.59 519.04 6.07 0.097 53~.09 
177 177 148.2 46.6 35.3 19.17 19.20 0.03 1.02 651. 50 6.76 0.097 671. 65 
178 178 73.4 46.4 41. 8 18.13 18.16 0.03 1.67 340.16 7.30 0.097 350.68 
179 179 157.4 46.9 39.8 18.24 18.27 0.03 1.87 712.09 7.87 0.097 734.12 
180 180 143.9 48.0 102.9 5.03 1029.16 10.~4 0.078 1319.44 
181 181 254.6 48.5 69.4 4.76 1401. 67 15.99 0.078 1797.01 
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Appendix C 

Presented in this appendix are the linear regression arlalyses 
perforned on "uncorrected" vial/canister data (see Fig. 7) and 

"corrected" vial/canister data (see Fig. 12). 
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The results of the regression analysis for the data given in Fig. 7 
and in Fig. 12 are given here in tabular form. 

The variables are identified as follows 

Co nstant : Y-axis intercept 
Std. Err of Y EST: Error of predicted Y values from X- values 

R squared: Coefficiel,i: of determination 
X Coeff.: Slope of ccrnputed regression line 

Std. Err of Coef.: Standard E i or of computed slope 

Vial and Canister Data (Zero Mass Gain) 
Reg ression Output: 

Constant -0.010660 
Std Err of Y Est 0.643468 
R Squared 0.907957 
No. of Observations 188 
Degrees of Freedom 186 

X Coefficient(s) 0.011110 
Std Err of Coef. 0.000259 

Vial and Canister Data (Mass Gain Consideration) 
Regression Output: 

Constant 0.157502 
Std Err of Y Est 0.657666 
R Squared 0.903850 
No. of Observations 188 
Degrees of Freedom 186 

X Coefficient(s) 
Std Err of Coef. 
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Appendix 0 

Presented in this appendix are the experimentally determined 
moisture gains of the activated charcoal canisters and the two­

grail vials. This data was presented graphically in Fig. 8. 
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- Mass Gain Data 
(see Fig. 8) 

Canister (g) Vial (g) 
----------------------------

7.08 0.281 
5.75 0.119 
4.04 0.131 
5.54 0.149 
4.83 0.110 
4.86 0.146 
4.64 0.137 
5.15 0.154 
8.90 0.281 
5.15 0.137 
7.36 0.184 
5.90 0.150 
3.92 0.118 
3.88 0.107 - 1.15 0.010 
1.20 0.020 
1.36 0.030 
1.84 0.040 
3.70 0.050 
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Appendix E 

The following table presents the humidity correction factors for 
the two··gram vials. These results were obtained using the EPA 

canister CF factors (see Fig. 9) and the experimentally determined 
mass gain relation for the canisters and the two-gram vials 

(see Fig. 8). 
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Conversion from Canister to Vial CF factors 
(see Fig. 11) 

deIMcanister(g) CF(l/min) deIMvial(g) 
- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0.00 0.1025 0.0000 
2.00 0.0940 0.0353 
4.00 0.0880 0.0988 
6.00 0.0800 0.1803 
8.00 0.0710 0.2763 

10.00 0.0680 0.3847 
12.00 0.0640 0.5042 
14.00 0.0580 0.6337 
16.00 0.0540 0.7726 
18.00 0.0480 0.9201 
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