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A simple method for the determination of desorption efficiencies of organic compounds collected on the 3M
3500 Organic Vapor Monitor has been devel ped. The technique involves the introduction of the organic
compound, in the liquid state, onto a piece of filter paper placed between the elutriation cap and the diffusion
plate of the organic vapor monitor. This is accomplished by direct injection of the organic compound through the
center elutriation port of the monitor cap. The portis closed and the organic compound is given sufficient time to
vaporize and consequently be adsorbed by the charcoal sorbent. The filter paper is removed and analyzed as a
separate sample to assure complete transfer of the organic compound. All samples are desorbed by a suitable
s v ntand analyzed by gas chromatography. Desorption efficiencies for methy! chloroform, benzene, heptane,
acetone, dioxane, isobutano! and ethyl acetate are determined. A comparison with results by the phase equilib-

tiurm method is made.
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introduction
For a quantitative determination of the amount of contami-
nant collected on any sorbent. it is necessary to know how
much of the adsorbate is eluted out. The ratio of the mea-
sured weight recovered by the desorbing solvent to the
known weight of contaminant added to the adsorbent s
defined as the desorption efficiency or recovery coefficient
One procedure fordetermining recovery coefficients trom
charcoal tubes involves direct injection of a known amount
of the liquid compound nto the activated charcoal using a
microliier svringe ' After overnight standing, the sample 15
eluted with an appropriate solvent and analvzed by gas
chromatography. Especially for polar compounds. the results
from this method are often inconsistent.”” In addition, direct
spiking of liquid does not correspond to actual field sam-
pling of vapor from the atmosphere. Liquid spiking mayv be a
source of error. since the compound 1s localized 1n a small
area of the sorbent rather than being uniformly distributed
throughout the sorbent.

In activated charcoal sorbent. the spaces. called pores.
between the individual microcrystallites may be further clas-
stfied as:

a) micropores. with effective radii of less than 18-20
Angstroms, comprising a minimum of 95¢; of the
total surface area.

b) mesopores. also called transitional pores. where
capillary condensation takes place; with effective
radii of roughly 20-1000 Angstroms which make up
not more than 5% of the total surface area: and
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macropores with effective radii of more than 1000
Angstroms which are too big to be filled by capillary
condensation.

The ratio in which the different classes of pores are present
in a specific type of activated charcoal dictates its suitability
for specific purposes. Microporous actnated carbons are
most effcetive for adsorption of small concentrations of
gases and vapors On the other hand. mesoporous carbons
are better used to recover industrial solvent vapors. The pore
size distribution determines the adsorption desorption pro-
cesses imvohved and also the resulting cfficiencies Maicro-
pores may be suitable for efficient adsorption of vapors but
consequent desorption from them s difficult since there may
be no room for a displacing agent to enter '

Consider a model picture of the microcrvstalhites of acti-
vated charcoal ' Durning a vapor spike. schematically shown
in Figure la. we can imagine the molecules first entering the
macropores. then the mesopaores and finally the micropores
where some interactions with the walls tend to increase
retention and decrease recovery by o solvent, However. a
ligind spike would be concentrated 1n spots and tend to wet
the walls of the mesopores. Imagine now that we have
menis¢i as in Figure 1b which exhibit some surface tension
It has been venfied experimentally that the vapor pressure of
solvents in capillanies of a few microns radius arc lowered
10-80 umes morc than what the Kehvin Equation predicts.®
The Kelvin Equation relates the normal vapor pressure of a
liguid (assuming a flat surtace) 10 that observed over the
curved surface of the liquid given 1ts spherical surface radius,
A decrease in vapor pressure makes it harder for the hquid to
vaporize and occupy the micropores The liguid would tend
tostay in the mesopores where wall effects are small and the
energy of adsorption 1s less. Consequent elution would then
result in higher recovenes

With these possible deficiencies of hquid spiking in mind,
the vapor-state spiking techmque for the 3M 3500 Organic
Vapor Monitor was developed
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Figure Ta — Conceptof moleculesin activated charcoal pores

experimental
gas chromatagraphy
A Hewlett-Pachard S830A gas chromatograph cquipped
with o tlamye ronzaton detector and an automane sampler,
Model 6724 was used The columns were 1580, Carbowin
20M on X0 100 mesh Supelcoport, F Xm > 6 dmmo d. glass
6ttt - I 4 any 180 Carbowax 20M on 8O 100 mesh
Chramaosorh W, 2 Im x 3.2mm o d. starnlesssteel (71 20
X1 Kan ) 107, SP-2100 0n 80 100 mesh Supelcoport. 3 0m
* 12mmod stamlessateelb (1O T ¥an .0 10 SP-1060
on &0 100 mesh Carbopach CoF 8m -~ 3 2mmo.d stainless
steet 61t * 1 xan yand Chromosorb 10 100 120 mesh.
09m~6dmmod glass (311> 1 4un ),

Samples to be analy zed were contaned in Tml glass vials
scaled with Teflon-hined septum caps

procedure

For the vapor-state spihing techmque, Whatman #4 fiter
paper. 1.6 cm in diameter. was placed between the cluton-
tion cap and the diftusion plate 1n cach 3M 3500 Organic
Vapor Monitor The elutriation caps were snapped onand a
known guanuty of the organic solvent under studyv was
imjected onto the paper through the center clutniation port
The port was closed and the system was allowed to stand
room temperature for 16-24 hours before elution to give
sufficient ume tor total transfer of the organic compound
from the tilter paper to the sorbent.
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Figure 11, Meruscitormation by motecules i activated Shar

coal pores

Gaseons compounds, 1o, cthvbchlonde were stindied by
msertimgatubber septunyinto the cender clutnaman portand
mmecting the known guantiny of eas throdeh theseptumanh
a pastighs svnmee It case the e pap e was cling
nated The svstem wasallowed tostand attoom temoerature

overnight proon to clution

Another altvinative for gas sprhos was 1o cone the 3M
500 Orgame Napor Monmitor with o ovhindncad ghass dome
campped with anamrection portand o bettor-lined ~seprum,
as i Brewre 20 boamswme aeanst feakaes Paratnlm® was
wrapped around the glass at contact pogtes wiih the mon-
tor The knownamount of gis was then mgedted through the
septum anto the ag above the momitor Attern standimg 16-24
houwrs the dome hannier him and the banoer flm holder ot
the momtor were temoved  The clatoation cap was then
snapped o phice and both pors closd

A measuted volume 8 S ml ol ciocnt was added to cach
monitor through the center port vy an automatic dis-
penset The portwasresealed and the sampie was allowed 1o
clutrate tor one-hall houwr with occasional ventle agita-
ton Atter decanting the cluate trom the momtor into glass
vials, ananss by gas chromatography was pertormed on
cach sample Phe bilwer paper o1 cach sample was sepa-
ratehy onalysed

Standardswere prepined by spihimg an cquinalentamount
of the organme compound into sealed pliss viads contatning
IS ml oof the approprine cluent using the same mpection

Anoe by, N Koot fers
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* paratet expeniment usimg the Phase Equibibrium method
tor amultaneousiv 7 Waorking solutons ol organic
sompounds diluted with the approprate solvent were pre-
rered Te charcoal sorbent i some momtors was removed
P S mi of the working solution were added through the
srien pore of the clutrniation cap These were used as the
An cqual ahquot was added to another set ot
~oritnes v ich still contained the charcoal sorbem

s e

Dath scts of monitors for each orgamic compound under
' rugetion were allowed to elutriate for one-half hour at

room temperature, decanted into glass vials, sealed, and
analyzed by gas chromatography.

results and discussion
The sampling rates of the 3IM 3500 Organic Vapor Monitor
for acetone. benzene, dioaane. ethyl acetate. ethyl chlonde.
heptane. wobutanol, methyvi chiorotorm and methvl ethnd
hetone are histed an Table I The Threshold Limit Value -
Time-Weighted-Average (TT V-TW Ay concentration for ¢ach
compound was taken trom the ACGIH handbook
The amount sprhed was the number of muthgrams exvpected
in a4 monior which samples a concentration ot one-halt
T1V-TWA tor tour hours escept when i was hevond the
capacity of the mamitor For those cases 754 of the capaat
was used

Considering benzene with a samphng rate of 33 5S¢0 mn
anda TIV-TWA ol 30 me m.weespect O 1 my adsorhed
by the monitor at one-half T1V-TWA tor tour hours imyp =
355 ¢ce min > 60 nun hr ~ 4 his
m’ 10" co)

Wmp m* 12

A comparison of desorption efficiencies obtamed by the
vapor-state sprhe and by the Phase T quihbnum method s
shown in Table 1 The results of nve deternminations pa
eaperiment are piven with standard deviations There
close agreement between the two methods eacept for the
results of 1sobutanol and ethyl chloride Both of these werc
eluted with methylene chlonide while the rest were desorbed
with carbon disulhide

Table TH hsts some phyvsicatconstants tog methylene chlo-
nde. isobutanol and ethyvl chlonde When two atoms with
ditterent clectronegativities wre bonded together. the bond-
g clectrons spend o greater timie near the atom of gher
electronegatinvaty, so that there s a net positive charge at the
other atom and the molecule tahes on g polar character The
diclectrie constant and dipele moment aire measures of
polarity. the bigher the value. the more polar i the com-
pound The measured dittusion coctficients tor methvlene
chlonde and isobutanol are histed while that tor ethyl chio-
nide s a theoretical value trom the Hirschtelder Fquation '™

TABLE |
Compound Guide for Determination of Desorption Efficiencies
in the 3M 3500 Organic Vapor Monitor

OVM Sampling TLV-TwWA Spiked Amount®
Compound Rate cc/min PPM mg/m’ mg
Acetone 401 (1000} {2400) 22
Benzene 355 10 30 01
Dioxane 345 (50) (180) o8
Ethyl Acetate 345 400 1400 58
Ethy! Chioride 388 1000 2600 02
Heptane 289 400 1600 56
Isobutano! 359 50 150 06
Methyl Chiorotorm 309 350 1900 70
Methyl Ethy! Ketone 363 200 590 26

*Amount sampled by the monitor at a concentration of 1/2 TLV-TWA for four hours
except when it 1§ beyond the capacity of the monitor For those cases, the amount

spiked 1s 75% of the capacity
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The molecular radius of the compounds were predicted from
atomic volumes.”? From our concept of the activated char-
coal surface with the different pore structures, we can
imagine that with the presence of both methylene chioride
and 1sobutano! in the Phase Equiibrium method. there
results a competition between the two compounds as they
travel into the pores. The greater mobility of the smaller
molecule. 1n this case. methyvlene chloride, also results in
taster diffusion into the micropores

Another contributing tactor 1s the higher concentration ot
methvlene chlonide, present as the solvent. which allows for
more colhsion and interaction with the surface than the
imsobutanol, permitting deep penetration into the finer pores
There exists. theretore. a higher concentration of isobutanol
in the mesopores which have lower energies of adsorption
Lpon decantation and analyvsis of the resulting solution.
high isobutanol recoveries are obtained

Using vapor-siate spiking. there is no competitor with
1sobutanel for the active sites on the charcoal surface. so the
molecules are free to seeh even the fine pores which have
higher energies of adsorption

We have observed that a2 30 minute interval was sufficient
to transfer all the spiked isobutanol from the filter paper tao
the charcoal For an expeniment. several momtors were
spiked with isobutanol and allowed 1o stand for 0.5.1.0. 4 0
and 24 hours prior 1o elution and analyms Even at 30
minutes. no trace of sobutanol was found on the filter
paper. Table IV «hows that 4 Jonger adsorption nme cat
cause lower recoveries for isobutanol

More molecules are adsorbed 1in the micropores. thus
desorpuion 15 difficult. Synce analysis of samples does not
immediately follow the field sampling, it is therefore recom
mended that the method used for determination of desorp
tion efficiencies be designed to duphcate actual use situa
tions as closely as possible

The effect of ume was also studied for the Phase Equili-
brium method using ethyl chloride Aliguots of a preparcd
solution ot ethyl chioride in methylene chlonde were added
to several organic vapor monitors and were analyzed at
different time intervals. the results in Table V show achange
in the adsorption desorption process within 24 hours, giving
an average desorption efficiency of 1.02 £ 0.01

TABLE Il
Comparison ot Desorpti n-Efficiencies

Desorpuon Efficiencies

Compound Vapor Spike  Phase Equilibrium
Acetone 093 =003 094001
Benzene 099 =001 099 =001
Dioxane 082- 003 08B =002
Ethyl Acetate 098 =-003 g9s~-0Mm
Ethyl Chionide 081 003 1M -o0Mm
Heptane 104 - 007 1Y - 00
Isobutano! 0980z 02 104-0M
Methy! Chioroform 102=-002 102-001

These data aiso demonstrated that the 3M 3500 Organie
Vapor Momitor does not feak and that the monitor materialbs
areinert both chemically and phasically The efticient seal of
the organic vapor momtor was turther venihied by o test
wherein montors with the elutnation caps on were evposed
to a chamber saturated with \vene vaporstor two hours A
control sample without a cap was used and this coltected
about 89 mg of vvlene whide the capped ones onlv showed
trace amounts

The results from an investigation of concentration effects
on desorpuon cthaencies by both vapor-state spihing and
Phase Fyguihbrium methods are summarnized in Table V1
Ihe concentrations chosen were all less than the suggested
spthedumountof 26 meg MEK 1 5ml carbondoaulbide (see
Fable D

The unpaired tstatistueal evaluation ot the data showed no
senticant duterences between the desarptian ethiciencies of
concentration Tevels 1 and HI for both methods ' At a
conhdence level of 950, the test statistic t values for the
capor-state sprhing method and tor the Phase Equilibrium
micthod were 0 24 and —0.89, respectively. Desorption effi-
vieney valdues at concentration Tevel 1 were significantly
difterent trom the pooled results of concentration Levels 1
and 1 tor borth methods, At fow concentrations. the walls ot
the pores in the sorbent strongly hold onto the moleculies of
the compound and the cluent cannot completely sever all
bonds tormed. thus creating a case of irreversible adsorption

A comparison between a vapor-state spike and a directly
mected higuid spike onto the charcoal serbent of the 3M

TABLE I
Physical Constants’* "

Methyiene

Chionde Isobutanol Ethyl Chioride
Molecular Formula CH,CL, CiaHW0O CHCI
Molecular Weight 84 94 7412 64 52
Boting Point 3975 °C 108 °C 123°C
Dielectric Constant 1.0065 (gas) 10132 (gas)

9.08(hq) 158 (hq )
Dipole Moment 1.60 debyes 1.64 debyes 2 05 debyes
Diffusion Coeffictant 0 1037 cm’/sec 00880 cm‘/sec 01134 ¢cm*/sec
Molecular Radius 4754 & 5637 & 4856 &
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TABLE IV
Effect of Time on Vapor State Spiking
of isobutanol

Adsorption Time Desorption Efficiency

{hrs)

05 097
10 099
a0 098
240 o9

TABLE V
Effect of Time on Phase Equilibrium Method
for Ethyl Chloride

Desorption Efficiency

Adsorption Time

{hrs)

05 102
10 101
20 101
30 103
50 1T,
60 102
70 102
240 Ty

Average 102001

V00 Orgamie Vapor Momitor was made and the results -
listed 10 Table V1T No difference in the desorption etficicr
cies of MEK by both methods was seen when overnig?
advorption was utthzed (test statishic t was —0 973 at o
0 03) The effect of ditferent adsorption time mtervals wo
studied  Results are given i Table VI 1t was noted the
complete transter of the compound from the filter papc:
1o the sorbent was accomphshed within 30 minutes prior
to clution

No gagnificant change was observed even after 24 hours
adsorption nme by the vapor-state spike method On the
other hand. a shght decrease 1n desorption efficiency was
observed using the direct iquid sprke method

summary

The elficiency of elution recovery processes can be affected
bv many variables. including sample introduction, adsorpti-
on desorption ime. chemical structures and concentration
Much of the variabilitv can be explained by differences in the
mechanisms of filling and emptying the pores of specific
shape and size. Since the filling of pores of the sorbentin the
3M 3500 Organic Vapor Monitor in an actual field sampling
of vapors from the atmosphere runs parallel to that in the
vapor-state spiking method. more rehable desorption effi-
ciencies by this latter method is expected.

Although 1t was shown that no differences were found
between the vapor-state spiking method and the direct liquid
spiking method for the determination of the MEK desorp-
tion efficiency. other factors like concentrations. the length
of time of adsorption and chemical structure may make
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TABLE VI
Effect of Concentration on Desorption Efficiency of MEK

Concentration Vapor-State Phase Equilibrium

{ug/mb} Spiking Technique Techmque
Level |
80 54 070 094
069 087
069 092
068 086
070 o R-11
Average 069z 0O 0BS - D04
Level! Il
BO5 4 090 091
089 095
090 093
Average 090 = 001 093 =002
Level HI
16108 087 102
090 093
092 095
089 093
089 093
Average 089 =002 095 - 004

G C Column 15% Carbowax 20M on 80 100 mesh
Supeicoport 18 m -~ 64 mmod glass
(6ft ~1-4.1n)

Temperature Isothermal 60 °C
Carrier Gas  Helum 30 3 mL min
MEK Retention Time 1 25 minutes

TABLE VII
Comparison of Desorption
Efficiencies of MEK

Vapor Spike Liquid Spike
092 091
092 092
089 092
o9 092
092 092
Average 0911001 Average 092 x 0.004

TABLE ViH
Effect of Time on Desorption
Efficiency of MEK

Desorption Efficiency

Adsorption Time Vapor State Liguid
{hrs) Spike Method Spike Method
05 [oF:] 094
10 090 092
40 0.92 0.91
240 0.90 0.91
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greater differences. In our experiment, we used the suggested
spiked amount for MEK representing an exposure of one-
half TLV-TWA for four hours. Mcasuring lower concentra-
tions in the field may produce 5-29% differences depending
on whether the determination of the desorption efficiency of
MEK is doen by the vapor-state spike or the Phase Equili-
brium techmigues. The differences seem to be more pro-
nounced with polar compounds. The results of the two
techniques agreed when less polar to nonpolar compounds
were studied

The 1ime of adsorption to achieve equilibrium of the
au s rbed molecules with the structural atoms of the surface
ottt soroent affects the vapor-state spiking method more
tha- the Phase Equiibrium techmique.

1+ vapor-state spiking technique used to determine 3M
pukb ~hed values is therefore recommended for the determs-
nataer ot aesorption efficiencies using the 3IM 3500 Organic
\Vapos Monoor,
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