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Abstract. Three types of monitors or detecting instruments· for determining the 
presence of perfluorinated taggants have been developed and validated in field 
studies. Each of the three versions--a portable continuous real-time monicor, a 
portable concent~ating. chromatograph, and a fixed station high sensitivity chroma­
tograph--have been utilized for detecting these types of compounds in atmospheric 
tracer studies. 

The portable continuous monitot', which has 9 detection capability of two parts 
of taggant in one trillion parts of air (2 pp lol2), has been used in three field 
t~acer studies in the past 18 months, operating on-board aircraft. In ~ sc~n~rio 
such as con~inuous nn-llne i~reenlng of che~k~d and naftd-carried luggage at airport 
environments, the sensitivity and response time are more than adequate. Confirma­
tion of the method applied to conveyor belt suitcase screening has been demon­
strated. 

A sma 11 concen tra ti ng fie 1 d instrument was deve 1 oped and fie 1 d tested more 
than a year ago. Five minute repetitive sampling rates are estimated ~9 ultimately 
provide limits of detection for the taggant compounds at about 5 pp 10 10 and could 
be extended as much as another SO-fold lower. Applications potentially include 
detecting vapor tagged explosives In meeting rooms, corridors and pa$sageways, and 
on-board aircraft. 

Introduction 

Tagging explosive devices for detection prior to 
·d:::~!tion and Identification after such clandestine 
use ~as the pot~ntial for significant impact in terms 
of human 1 ives saved, red1.1c:ad ;Jroperty damage, low~ r­
ing investigative costs, and increasing the chances 
for tracking down bombers and obtaining convictions.l 

Although numerous methods have been explored for 
the pre-detonation detection of explosive materials, 
one of the ·most promising approaches appears to be 
~ased on the vapor tagging of electric blasting 
~aps.2-4 Of the bombing incidents resulting in 
deaths, .jnjur:-ies, and property damage, approximate]{ 
iO': '1/ere perpetrated with cap sensitive explosives. 
Because many of these materials have little or no 
1acor pressure, it was concluded that the most 
feasible approach to detection ~1as to add a volatile, 
sensitively detectable component to the end closure 
of electric blasting caps (EBCs). This tagging con­
cepe had its genesis as far back as 1972, originally 
as a soin-off of t~e Brookhaven atmosoheric tracer 
program.S Subsequently the approach was patented 
·.~ith respect to the addition of sulfur hexafluoride 
.~?5) and has nOI·t,l::!!erl extended to certain perfluoro­
:~:·:;on compounds.<; • o 

Of the criteria specified for the vapor tagging 
of an EBC, one of the "-OSt important is that the 
addi ti·1e v.apcr (coined "taggant") be uniquely deter­
minable by highly ser.sitive means and have a neg! i­
gible ba~kground concentration in the e~vironment.4 
One fami1y of compounds that has met these needs as 
·Nell as rr:ost cf the other criteria for successful 
implementation is the perfluorinated cyclic .alkanes. 
This paper will describe the instrumentation that 
has been Jeveloped to detect these ~ompounds, as a 
class hereinafter called perfluorocarbon taggants 

(PFTs), and describe some test results obtained 
·during the simulated screening of luggage on conven­

tional conveyor oelts.7 Tha reliability iHid docu­
mented utility of the type of instrumentation avail­
able as well ·as the detection sensitivities attain­
able and needed for various explosive rr.oni taring 
scenarios will be presented. 

Dete~tion Eouioment 

For nearly a decade, Brookhaven has been 
routinely using SF6 as an intentially added constit­
uent to power plant flue gases and other emission 
sources in order to study the atmosoheric tt·ansport 
and dispersion of these air masses.3-10 For collected 
~thole air samples, a·4o :ni sample ·<~as sufficient to 
determine the background SF, concentration using a 
laboratory chromatograph sy~tem.9 As sho~m In 
Table 1 ~ the precision of_measurio~ these .low con-
centratlcns averag1ng O.Jl pp 10 1 , ~1as aoout 
4 percent.ll The agreement with earlier measurements 
in December 197S·at the Savannah River laboratory in 
South

1
zarolina, result~ng in a value of 0.52 ± 0.03 

pp 10 , wes excellent.lO 

After a number of SFQ cracer releases, it became 
apparent that to follow a1r masses for distances 
greater than 100 km or so, other compounds ·.1ith lo1~er 
beckground concentrations would have to be used.~ 
Instrumental methods for measurina sevenl orders-of­
magnitude lower emb!ent concentrafions were concept­
ually feasible. Studies ~t arookhaven and in 
England resulted I~ the selection of perfluorinaced 
cyclic alkanes. 12, 13 

Similarly, the present ambient SF5 concentratio~ 
·.· .. -and its ·.ddespread availability, · .. as found to be a 
'· 
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iable 1. Background SF5 Levels at Baldwin Lake 
{35 miles southeast of St. Louis, Illinois) 

November 1976 

Sample 
..1!.Q.,_ 
w 3 
H 4 
'tl 5 
w 6 
11110 
1.-/11 
Wl6 
'.-/17 
H20 

. \·122 

SF6 Conc
1 

:t a,a 
00 10 2 

0.48 :!: 0.01 
0.52 :!: 0.01 
0.47 :!: 0.03 
0.51 :!: 0.01 
0.52 :!: 0.01 
0.52 :!: 0.02 
0.48 :!: 0.03 
0.49 :!: 0.01 
0.50 ; 0.01 
rJ.Sl :: 0.01 

Over'ail Average 0.51 :: ·a.02 

aa is standard deviation of two determinations. 

limitation in the usefulness of SF5 as a vapor 
taggant in EBCs.3 Studies were inltiated to evaluate 
suitable alternatives, among them, the PFTs.4 In 
this section, the various instruments that have been 
devised to measure PFTs in air will be described. 

Laboratory Chromatoaraoh System 

A laboratory chromatograph basically consists of 
a means for iritroduc1ng the sample to be analyzed 
jtJSt ahead of, typically, a ·long tubular column 
packed with a solid or liquid supported adsorbent 
phase. The column serves to separate the constit­
uents to be measured, eluti·ng them at discrete times­
their· retention times--prior to entering the det~ctor, 
in this case an electron capture detector (ECD).J 
One of the requirements necessary for the successful 
detection of the PFi, in addition to its high sensi­
tivity to electron capture detectors (typically 
1 pp lQlZ), is the ability to be able to uniquely 
distinguish the compound from among possibly many 
other interferences. 

ihe ambient air contains many electronegative 
compounds, both haiocarbons as well as several inor­
ganic gases. :·iore than 20 ha 1 oca rbon compounds have 
~een identifi~d with concentrations ranging from 
about 5 pp 10 12 (Freon 21

1 
CH3i, CzC16, C2H4Br2) up 

to about 100 to 700 pp 10 2 (Freon 12, Freon 11, 
CClc,, CH3CCl 3, CH3Cl), all of ~~hich have vap'ing, but 
reasonably s1gnif1cant, response to an ECD. ~-lo On 
the other hand, the expected concentration of taggant, 
depending on the exolosive sampling scenario, may 
range from 10 pp 1012 at the highest to as low as 
0.1 pp 1Q15 or less, t~at is, possibly 7 orders of 
magnitude belo~1 the combined concentration of all 
auoospheric halocarbons. 

Since column separation alone could not possibly 
hope to resolve such trace quantities of taggant from 
the much larger mix of ambient halocarbons, an addi­
tional sepantion factor ·.~as emoloyed. A sma:l bed 
{!;a-inch lumen by l-inch long) of 5~ palladium 
supported on 5A molecular sieve in the presence of a 
few percent of a reducing gas, CH4 or Hz, was found 
to quantitatively catalyze the reduction of the halo-
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carbons--provided most of the oxygen was previous!{ 
physically separated by on-line sample trapping.S, 2 
The catalyst bed temperature could be tuned to a 
temperature of about 175°C, which, ·as shown in 
Figure l, did not affect the survival of the taggants, 
but did efficiently and completely remove any trace 
oxygen and a 11 the ha 1 oca rbon compounds. .J.ll the 
potentially interfering compounds were catalytically 
reactive at temperatures corresponding to the freon 
curve or lower. ihe products of the destruction, 
traces of water and halogen acid vapors, ~1ere removed 
by an in-line permeation dryer. 17 
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Figure 1. Effect of catalyst bed temperature on 
destruction of taggants and interferents. 

The taggants survived the reducing at~osphere 
in the catalyst bed because of the inherent chemical 
stability of fully fluorinated (perfluorinated) or­
ganic or inorganic compounds. The most stable taggant 
sho~m i.n Figure 1 was perf! uoromonomethylcyc lohexane, 
Pi·lCH, followed by perfluorodimethylcyclohexane, .?DCH, 
and perfluorodimethylcyc1obutane, PDCB. 

With the combination of catalytic reactor and 
chromatographic separation, the laboratory instrument 
has been used to analyze 40m2 air samoles for the 
three PFTs and SF5. A typical chromat~gram of a 
prepared air standard is sho~m in Figure 2. The limit 
of detection of the PFis from that size samole 11as 
about 1 pp Jol4 at a S/N of 2. · 

Preconcentration Samolers 

In order to measure still io~ter concentrations 
of PFTs in the atmosphere, several instruments have 
been and are being de•1e 1 oped to concentrate the trace 
amount of taggant vapor in a large volume of air onto 
a r~lati·1ely sma 11 amount of solid ads9abTnt for sub­
sequent therma 1 recovery and analysis. • 9 A ;>re-
I iminary indication· of the capabi 1 i ty of this approach 
was demonstrated by col lec"ing 41.7 1 iters of rural 
(away from any possible local sources) ambient air on 
j 1JS t 50 mg of cocoanut charcoa 1. The chrc::.Hogram of 
the recovered sample, shown in Figure 3, indicated 
that the clean air background concentration of PJCH 





To provide a truly continuous manito~ and to 
extend the capability to the PFTs, a new 1nstrument 
·t~as devised. By utilizing the .same type .of catalyst 
bed as described for the laboratory chromatograph 
system, ambient air was continuously mixed w1~h h~lf 
as much hydrogen and pumped through the reac~1ve oed. 
The oxygen in the air 1~as converted to water (steam) 
and the potentially interfering ~reon ~ompound~ were 
again converted to their respect1ve ac1ds. Us1ng 
either a thermoelectrically cooled condenser or a 
~ermeation dryer, the •nater and halogen ac1ds content 
are reduced to a level sufficiently low to allow the 
gas stream to pass directly. into the det~ctor, where 
the survivino PFTs and SF6 1n th~ ;ema1n~ng N2 are 
measured.24,25 A typical scan •111tn the 1nstrument, 
using a tagged E8C in the inlet tubing at the pump, 
r.esul ts in a square 1·1ave signal. The PMCH-tagged 
ESC for the scan in Figure 4 gave an effective con­
c~ntration of i\hr.11t 1.2 pp 10~. 

Figure 4. 
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Continuous monitor detection of a FMCH 
sample at 1 .2 pp 109 for l minute. 

arookhaven has built and field tested tv1o of 
these continuous monitors, one of which was utilized 
in the conveyor belt suitcase screening tests to be 
described in a later section.? One instrument 1·1as 
flown successfully in field tracer experiments in 
!r.:.:iana in October 1977 and two ~~ere used in recent 
tracer rele~ses at a coal fired power plant in 
Tennessee d~ring Aygust 1978, attesting to their 
field worthiness.2o 

Future ~xoect3ticns 

The instrument c~pability for detection of PFTs 
covers a broad concentration range from 2 pp 1012 
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Tab 1 e 2. Perfl uori na ted Taggant ECD Non i t.ors 

DETECTION LIMIT 
INSTRUMENT ~RES tNT rOi'URt 

1. CONTINUOUS 2 pp 1012 2 pp 1013 
(portable; any PFT) 

2. CONTINUOUS CONCENTRATING 2 pp 1015 
(portable; any PFT) 

3. SEQUENTIAL CONC. GC 
pp 1013 1016 ·with packed column 5 pp 

(portable; speciates) 
1017 •with capillat•y column pp 

(semi-portable; speciates) 

4. LARnR.I\TORY CONC. GC 
pp 1016 pp 1017 •with packed column 5 

(non-portable; speciates) 
pp 1018 •with capillary column 

(non-portable; speciates) 

down to as little as 1 pp 1016 and is summarized in 
Table 2. For each of the instruments listed, there 
are significant improvements that are being implemente.d 
or planned. 

1. ·Continuous. By incorporating a form of 
solute sw1tching and synchronous demodulation, at 
least one order of magnitude improvement in sensi­
tivity is anticipated.24,~7 The apprcach is to rapid­
ly cl.l ternate the gn'> flow into the EGO, choosi1·.g u~­
tl·leen one stream as it comes directly from the cata­
lytic bed and another stream that has additionally . 
been treated to destroy the PFT. The ·repeated cycl1c 
behavior would result in the detector alternately 
"seeing" and then not "seeing" the PFT. Appropriately 
synchronized electronics can then be employed ~o . 
greatly enhance the signal while at the same t1me suo­
stantially reduce noise and baseline drift, the latter 
of 'o'lhich is a particular problem in almost any long­
running contin~ous monitor. A limit of detection of 
about 2 pp lOlJ is expected. 

2. Continuous concentrating. Further improve­
ments in the ECD sens1t1vny or arr.pl ifying electronics 
are not anticipated. Therefore, to extend the detec­
tion sensitivity to lo~1er concentration 1 imits, an 
automatic con•'nuous concent~ation scheme will be 
investigated using either packed column tubes or 
support coated open tubular (SCOT) columns of Amber­
sorb, a form of synthetic charcoal. The open tube 
~1ill allow hioh flow rates ~lith minimum pressure drop 
and the thin support coating ~li 11 provide for rapid 
adsorption and desorption. By adsorbing at 2 ~/min 
and desorbing at 20 mt/min, a co~centration factor of 
100 can be realized. A multi-tube switching valve 
with 2 or 3 second cycling ~1ill provide positions 
for: 1) adsorption from air; 2) flush .,,it;-, inert gas; 
3) heating; 4) recovery of tracer; 5) coo 1 down; :nd 
6) final cool do·.~n. ThiS;nill extend the l~m1t or de­
tection to about 2 pp l0 1J, •t~hi1e maint:;ining about 
4 second response time but with a delay time of per­
haps 12 to 15 seconds. 

3. Seouential concentratina GC. An evaluation 
of Ambersorb (~ohm and Ha!s} adsoroent has indicated a 



capacity for PFTs in humid air of about 100 t per 
gram of adsorbent. By utilizing just 50 mg, about 
1 liter of air could be collected and analyzed for 
all PFTs with a limit of detection of about 5 pp 1ol6 
for a packed column and a cycle time of about 3 to 4 
minutes. The unit would remain relatively compact 
and portable. '.-lith a capillary column~ the limit of 
detection could be extended to 1 pp 1017 for the same 
size sample but cycle time would increase to about 
6 to 7 minutes and portability would be sacrificed. 

4. Laboratory concentrating GC. For sample 
volumes of about 4 liters, the present limit of de­
tection can only be improved slightly. But by 
switchin·g to capillary chromatography with on-1 ine 
sample free~ing, the ultimate limit of detection of 
about 1 pp 1018 is anticipated. Since sample collec­
tion would be done prior to analysis, the time for 
determination of the individual PFTs could be as 
short as 4 minutes. 

Exoected Scenario Concentrations 

Up to this point, the present and future detec­
tion capabilities for PFTs have been presented and 
documented. The probable required detection ;ensi­
tivi ties and response times for determining the 
presence of a ~omb in a real-world situation will de­
pend to a large e~tent on the actual scenario in-
vo 1 ved. In this section, the expected concentration 
of taggant in four scenarios, suitcase screening, 
detection in moderate size meeting rooms, on air­
craft, and in buildings will be presented and com­
pared with the sensitivities of the available moni­
toring instruments. 

Suitcase Screening 

The first and perhaps most important area of 
detection of c1andestine bombs prior to their detona­
:ion is at airport·environments. At the present time 
:here is essentially no screening of luggage and 
;Jackages that are checked for subsequent loading into 
aircraft. To be able to detect the presence of a 
tagged EBC in such items as they are either moving on 
a conveyor belt or, perhaps, as they are individually 
being ticketed by the agent at the passenger check-in 
point, a means must be provided to extract a portion 
of the air •..tithin the item. !n addition, the con­
centration within the item must be high enough to 
counteract any dilution that occurs during the 
sample extraction. 

!f suitcase screening could be accomplished on 
a moving convey~r belt, only one central sampling 
station would be required but the response time 
1~ould have to be in the range of 2 to 3 seconds. 
Screening at passenger check-in stations would allow 
longer sampling times, ~P to 15 seconds, but then 
more instr•;ment systems 'Hould be required. Because 
of the costs, upkeep, and rr.anpower requirements as 
1-1e 11 as 1 ogi s tics concerned, it is much more de­
sirable to have centrally located on-1 ine conveyor 
belt screening stations. Thus, for this type of 
measurement, only che continuous instruments (either 
item 1 or 2 in Table 2) would be applicable. 

A summary of the expected concentration in each 
scenario, assuming the explosive device with the 
tagged E3C wJ~ placea in the scenario and measure-
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Table 3. Expected Scenario Taggant Concentrations 
(One hour after placement 

bl as ti ng cap) 
of tagged 

Taggant Concentration 
Tagged ESC Attache •'leeti ng B~il dd Age, Case, Room, 0 Plane,c _lng, 
Years Rate a ~ ~ DO 10 14 ~ 
0.5 1.29 2.44. 5.28 2.60 1. 20 
1 0.9lg 1. 74 3.76 1. 85 0.86 
2 0.649 1.23 2.65 1. 31 0.60 
5 0.410 0.78 1. 58 0.83 0.38 

10 0.291 0.55 1.1 g 0.59 0.27 

aTypical rate in 10•9 L/min from tagged caps 4 

b40 ft X 50 ft X 10 ft; Air exchange every 57 min 

cType 707 or DC-8; 10,000 ft3 vol.; Air exchange 
every 10 min; ECS in suitcase for 1 hour 
but in plane only 10 min 

dzoo ft x 400 ft x 100 ft; Air exchange every 40 min 

ments taken 1 hour later, is shown in Table 3. The 
emission rate of the tagged EBC 1~as selected from the 
typical performance of an experimentally measured 
simulated tagged ESC and extrapolated using a proven 
difru~ion model .4 

For the 15-1 iter attache case, it ·.~as assumed 
that during the one hour that the tagged ESC was con­
cealed in the close·d case, about one-half the taggant 
emitted from the ECB remained 'Hi thin, a reasonab 1 e 
assumption. At a cap age of 2 years, the concentra­
tion 1·1as estimated to t:e 1.23 pp 10':1 within the case. 
Assuming a 250-fold dilution during the sample ex­
traction procedure, an e::;oerimen ta 11 y confirmed va 1 ue, 
the measured concentration v1ould be about 5 oo lol2 __ 
about 2 to 3 times the cur7ent limit of detection·of 
the continuous instrument. ~ith the further 10-fold 
improvement in detectabil ity, suitcase screening 
appears to be quite feasibl~. Experimental results 
will be presented in a later section. 

Detection in a rteeting Room 

To predict the concentration in large volume 
environments •o'lith known ventilation rates, a model •nas 
devised to take into account the dilution that occurs 
when ventilation is included.4 For the meeting room 
results shown in Table 3, it was assumed that the air 
~n the room was exchanged completely, once every 57 
minutes, with outside air devoid of any taggant. 

Over the 10-year lifetime of :he tagged EBC, 
taggant concentrations in the meeting room are ex­
pected to be in the range of a fe•11 pp 1014. These 
values are well 1~ithin the expected capability of the 
sequential concentrating gas chromatograph (item 3 
in Table 2). Thus, import!nt conference areas and 
meeting places can be co~tinuously monitored on a~out 
a 4-minute sequential basis. 

t 

j 
! 

I 
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Detection on Aircraft 

If a suitcase containing a tagged ESC should 
pass the conveyor be 1 t screening section without be­
ing detected, the question arises as to •,o~hether or· 
net it could be detected on the aircraft. For an 
airplane of the/07 or DC-8 type, the total volume is 
about 10,000 ft and the ventilation rate is about 
1000 ft3/min--that is, about one complete air ex­
change every 10 minutes.28 

Assuming the suitcase had a typical slight 
barrier factor (k = 0.3 2/min) and assuming the suit­
=~se with the clandestine bomb •11as last opened 1 hour 
before loading onto the aircraft, the ventilation 
mode 1 •11i th time de 1 ay predicted the concentra ti ens 
shown in Table 3 for the plane.4 The concentrations 
•t~ould be readily detected •.-lith the sequential con­
centrating type gas chromatograph (item 3 in Table 2). 
A modified versio•l of that Instrument, incorporating 
more rapid sample collection and measurement (the 
pilot •t~ould hardly care what precise amount •t~as pre­
sent), 'tiOuld provide. for a determination in about 2 
mi nut;s·. 

Detection in Buildings 

Again, as shown in Table 3, similar calculations 
for a large building, indicate tha} concentrations of 
taggant s1 ightly less than 1 pp 10 16 ·.-1ould be expected 
unter the conditions stated. The cnly reliable way 
to screen for concentrations less than· 1 pp 1ol6 
~1ould be to utilize a modified version of the labora­
tory concentrating gas chromatograph. Such a system 
.,,ould be automated but would require the ready avail­
ability of a technical person for maintaining systP.m 
perfc rmance. · 

Barrier Factors 

In the ~xamples cited above, it was assumed that 
the tagged ESC was contained within an item, such as 
a suitcase, that presented oniy.a slight to moderate 
barrier or deterent to the transport of the vapors. 4 
! f a more severe barrier were emp 1 eyed by the per­
petrator, the eoncentrations indicated in Table 3 
could be reduced by 10- to 100-fold. It should be 
noted, hol·te•,er, that the usual steps in preparing and 
arming a bomb prior to use, normally ~1ould preclude 
the use of such extremely effective barriers. 

Lugaage Screenina Demonstration 

A' device for extracting a fraction of the air 
within suitcases and packages while continuously pro­
cessing these items on a convevor belt •<~as developed 
for the U.S. Customs Service.29 1~easuring about 3 
feet high by 3 feet wide and straddling the suitcase 
conveyor belt for about 8 fee~ of l.::ngth, the tunnel-
1 ike device contained five weighted fingers ~thich 
slightly depressed suitcases as they passed through 
the system, expelling some of the air from the suit­
case which was lying on its side. At the same time, 
t1·10 spring-loaded arms containing air sampling tubes 
ran along the seams of the suitcases, collecting a 
fraction of che expelled air. 

Two of the Brookhaven instruments •11ere used to 
measure the expelled vapors of taggant, the frontal 
chromatograph and the continuous instrument. T:1e 
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former could be used only to detect SF5 tagged EBCs, 
while the continuous instrument could detect SF6 and 
all the PFTs. 

Severa 1 different tagged EBCs were pI aced in a 
variety of suitcases, one per suitcase, and screened 
with the Customs Service automated baggage examiner,? 
The most definitive test result is sho~m in Figure 5. 

ATT 8 

12:06 PM 

-~­MINUTE 

-TIME 

Figure 5. Frontal chromatograph detection of a tagged 
ESC (1. I n£/min) only 19 minutes after 
closing the suitcase. 

A? indicated by the u.~al frontal step, the room con­
centration of 14 pp 1012 was easily detected. ihis 
value ~1as ~levated above the normal ambient •1alue of 
0.5 pp 101 because of th~ presence of a large number 
of SF5 tagged E3Cs jn a nearby portion of the room. 
Assum1ng an air exchange rate for the room of once 
every 40 minutes and a total SF6 emission rate of 
100 n1/min, an approximate SF6 conc·;tration of 20 
pp 1012 can be calculated--in very good agreement with 
the measured room concentration. This result tends to 
lend credence to the ventilation model that has been 
developed.<+ 

The small peak that occurred on the rising 
frontal step, labeled suitcase #4, was due ~o the de­
tection of the tagged EBC within the suitcase as it 
traveled under "he baggage examiner fingers at a rate 
of about 2 feet oer second. iile oeak corresconded to 
about 10 pp 1012· of SF0 and, based on the assumption 
of negligible diffusion losses from 'he suitcase 
during <he 19 minute period, corresponded to an ax­
traction efficiency of 1.97L 



Similarly, a PDCa tagged EBC that had been 
sitting in a suitcase for about 3 hours, was quite 
readily detected by the Brookhaven continuous instru­
ment as shown in Figure 6. Although there were some 
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Figure 6. Continuous instrument detection of a PIJC8 
tagged ESC in a suitcase. 

biie 1 ir.c Jhtu1·bs.nces due to a fau 1 ty temperature 
controller, the detection of tagged blasting caps oy 
•his means was clearly demonstrated. 

Conclusions 

Detection instruments with the reauired sensi­
tivities far determining the presence of perfluoro­
carbon vapor tagged EBCs have been utilized for some 
time in atmospheric tracer studies. The vapor con­
centrations in various scenarios are expected to be 
in a range for real is tic detection success 'llith 
existing monitors ar.d with those incorporating r~cent 
and imminent improvements. As an example, the luggage 
screening ·tests cle:rly demonstrated the practical 
rea 1 i ty of detecting the presence of a vapor tagged 
~SC in a suitcase moving on a conveyor belt. 
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