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Hexane
Anualyte: Hexane Method No.: 590
Matvix: Alr Range: B77 ~ 3679 ng/cu n
OSHA Scapdard: 500 ppm (1800 wg/cu m) Preelsion (EV&): 0.0062
Proccdure: Adsorption on chavcoal, Yalidation Date: 3/14/75

desorption with carbon
disulfide, GC

2,

Princivnle of the Methoad

1.1 4 known wvolume ©f air is drawn thiough a charcoal tube to trap
the organic vagers present,

1,2 %Yhe charcoal in the tube is transierred to a smzll, stoppured
gample contalner and the analyte is desorbed with carbon disul~
fide.

1.3 An aliquot of the desorbed saxple is injected into a gas
chromatograph,

1.4 ‘fThe area of the recsulting peak 1s determined and comparnd with
areas obtained from injection of standards.

Ranpe and Sensitivity

2.1 This method was validated over the range of 877 - 3679 mg/cu n
at an atwospheric tesmperature and pressure of 17°C and 754 =
Hg, using 2 4-liter sample. Under the conditions of samplc
gize {4 litcrs), the probable useful ranze of this wmethed 1s
180 ~ 5400 ug/cu w at a detector scensitivity that gives nearly
full deflecticn on the strip chart recorder for a 22-mp sample.
This nethed is capable of measuring much smaller amounta urf the
desorptivn cfficirney 1y adequote, Dosorption eificicncy ust
be determined over the range used.

2.2 Thc upper lindc of the ranve of th: method 1s depeondent on the
dsovptive capacicy of the chaveoal tube. This capacity varies
wikh the congenuvavions of aralvte ard other substances in the
air. The st ogection of the charcoal tube wan found to held
21.7 wy of wmolyie when a test atwosphere contalning 3679 wme/fcu
of anmalyce In alr was sawpled at (.19 liters per minute for 31
rinutes: bresuthroush was obeserved st this tipe, 4.é., the con-
contiation ol analyte 10 the offluent was 37 of that in the In-
fluen,
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3.

5.

(The charcoal tube conslsts of two scetions of activated char-
coul soeparated by a secectfen of urcthane feoam, Soee Seetion 6.2).
If 4 particular atmespinere is suspected of containing a large
amount of contaminane, a swaller sampling velume should be
taken,

Interforence

3.1

3.2

3.3

When the amount of water in the air is so great that condensa=
tion actually occurs in the tube, orpanie vapers will nor be
trapped cfficiently. Preliminary expsriments using toluene
indicate that high huwmidity severely decreases the breakthrough
voluwe,

When two or more compounds are known or suspected to be present
in the air, such information, including thelr suspected lden-
tities, should be transmitted with the sample.

It wust be emphasized that any conpcund which has the same
retention time as the analyte ar the operating conditions de-—

* . seribed in this method 1s an interference. Retention time data

3.4

on a single column canunot be considered as proof of chemical
identity.,

If the possibility of interference exists, separation conditions
{column packing, temperature, etc.) nust be changed to circum~
vent the problem.

Precicion and Accurzev

4.1

4.2

The Cocfficient of Variation (CV.) for the total analytical and
sampling method in the ranse of 877 ~ 3679 mp/cu m was 0.052,
This valun corresponds to a 112 mg/cu n stendard deviaticn at
the CSHIA standord level, Statisticel Information and details
of the validation and experimental test procedurcs can be found
in Reference 11,2.

Oa the average the values obtained using the overall sampling
and analytical method were 3.8% lower than the "true’ value
at the OSHA standard level.

These data are based on validation experiments using the in-
ternal standard method.

Advantaves and Disadvantares of thae Method

5.1 The saupline device is small, portablo. and iavelves ne liquida.

Interferences are miniwmal, and most of those which do occur
can be eliminated by altering chromavegraphic conditlonc: The
tubes arc analyzed by means ol a quick, inutrumental method.
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6.

3.2

5.3

The methed can aleo be used for the simultoncoun analysis of
two or wore gubstancen muskpected o be present in the game
sample by almoly changing ras enromatographic conditions Yrom
leothernal to a temperature-projrammed mode of operation,

Ore disadvantage of the werhod 45 that the srount of mample
which cen to talen 18 limited by the nunber of ailliprans that
the tube will hold hefore overloading, wWhen the sanple value
obtained for the becrup section of the charcoal tube exceeds
25Z of thut lcund on the front gection, the possibility of
semple loss exists,

Furtherrore, the precision of the method is limited by the
reproducibilicy of the presgsure drop across the tubes. This
drop will affecr the flow rate and cause the volume to be
imprecisc, becsuse the pump is usually calibrated for one tube
only.

Apparatug

6.1

6.2

6.3
6‘&

6.5

6.6

6.7

6.8

A celibrated personal sampling pump whose flew can be deter-
mined within =57 at the recomrended flcw rate.
(Reference 11.3).

Chearcoal tubes: glesge tube with beth ends flame porled, 7 em

‘long with & 6-ma 0.D. and a 4-rm I.D., containing 2 sccticns

of 20/40 riesh activated chercoal separated by 2 2-wm portion
of urcthene foam. The activated charcoal 1s prepared from
coconut chells and {s fived at 600°C pricr vo packing. The
eboorbing section contudins 100 mg of charcoal, che backup sec~-
tion 50 wmz. A 3-m» portien of urerhane foanm is placed berween
the outlet c¢nd cf the tube and the backup secticn. A plug of
silyluted glass wool ds placed in frent of the abaorbing sec—
tion. The gressure drop across the tube must be lea2s then one
inch of percury at a flow rate of 1 liter per ainute.

Gan chromatograph equipped with a flame {onizetion detecter.

Column (20-ft x 1/8~1in stainless ateel) packed with 107 FrAP
on 80/100 uesh Chrowosorb ¥ AW-DMCS,

An electronic integrator or some other suitable method for
weasuring pceak arcae, .

Two-zillilizer gsarple containera with glsss stoppers or
Teflon~14{ned caps., If an automatic sanmple injector 1s used,
the associated vials may be used.

Hicroliter svringea: 10-microliter, and other convenilent sizes
for making standardas, . .

Pipets: 1.0 ml type graduated in O.l-wl increments,
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8.

6.9 Volumetric flasks: 10-ml or convenient sfzes for making
standard solutions.

Reapents

7.1 Chromatographic quality carbon disulfide.

7.2 n—Hexa&c, reagent grade

7.3 XNonane, or other suitable internal standard

7.4 Purificd helium

7.5 Prepurified hydrogen,

7.6 Filtered compressed air.

Procedure

8.1 Cleaning of equipment. All glassware used for the laboratory
analysis shoulid be detergent washed and thoroughly rinsed with
tap water and distilled wacter.

8.2 Calibration of Personal Pumps. Each personal pump must be
calibratced with a representative charcoal tube in the line.

This will minimize errors associated with uncertainties in
the sampla volume collected,

‘8.3 Collection and Shipping of Samples

8.3.1 Irzediately before sampling, breck the ends of the tube
to provide an opening at least one-half the internal
diameter of the tube (2 mm).

8.3.2 The smaller section of charcoal is used as a back-up
and chould be positioned nearest the sampling pump,

8.3.3 The charcoal tube should be placed in a vertical direc-
tion during sampling to minimize channeling through the
charcoal,

8.3.4 Alr bheing sampled should not be passed through any hose
or tubing lLefore entering the charcoal tube,

8.3.5 A paximum sample size of 4 liters 1s recommended. Sample
at a rate of 0.2 liter per minute or less. The flow rate
should be known with an accuracy of at least 257,

8.3.6 The teamperature and pressure of the atmosphere being

sampled should be recorded. If pressure reading is not
available, record the elevation,
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B.3.7 The chareoal tubog nhould ‘be capped with the guppdfed
plartic caps fuawifately arter sawoling, Uader po
eircusstancen ghould rubber ciaps be used.,

8.3.8 One tube should be handled in the same manner as the
gumple tuhe (break, seal, and tronspors), except that
no alr Is cawpled throunh this tube. This tube should
Bg labeled ao a blank,

8.3.9 Capped charcoal tubes should be packed tightly and pad-
ded before they are snipped to minimize tube breakage
during shipping.

8.3.10 A sample of the bulk material sliould be submitted to the
laboratory in a glass contoiner with a Teflon=lined cap.
" This sazple should not be transperted in the same container
ag the charcoal tubes,

8.4 Analysic of Samples

8.4.1 Preparation of Sazmplea., In preporation for analvsis,
each charcoal tube is scored with a file in front of
the firet secction of charcoal and broken open., The
glaos wool is removed and diccarded. The charcoal in
the first (larger) secticn is transterrcd to a 2-ml
stoppered szmple contalner, The sepzrating secction of
foam 1o reomoved and discarded; the second section is
tranoferrcd to another stoppered container. Thase
{wo gections are analyzed separacely.

8.4.2 Decorption of Samples, Prior to enalvsis, 1,0 nl of
carbon disulfide g pipetted into each sample concainer.
(A1l vork with carben disuifide should bte performed in
a hood becoune of 1ts high romicity.,) Desorprion should
be donce for 30 minutes. Tests indigate that this is ade-
quate 15 the sample fs acitnted occasionnlly durdnn this
pericd. If an autowmatic ssmple injector is used, the
sanzple viale should he canped as soon as the solvent g
added to minimize volatilization, For the internal stan~
dard method, desorb using 1,0 ml of carbon disuliide con-
taining a known amount of the chosen internal standard.

8.4.3 GC Conditionn., The typical operating conditions for
the pas chromatograph are:

1., 30 ml/omin (60 psiy) lNelium carricer gas flow
2. 35 nl/min (25 puip) Hydrogen sas flow to detector
3. 400 ml/min (60 psiy) Adr flow to detector
4, 225°C injector temvperatura

5. 250°C maunifold temverature (detectoy)

6. 52°C coluan temperature
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8.5

8.4.4 Injectdon, The firat svep in the analysis &8 the fnjecs

8.4.5

tion of the sample futo the pas chromatoeyraph,.  To oli-
minate Jdlificuledes arising fyom blow back or distillation
within the syringe neodie, one should cmploy the salvent
flush fufectdon teenniyue,  The l0-microliter syrinpe Is
first fluched with solvent gseveral times to wet the barrel
and, plungper, Three microliters of solvent are drawn into
the‘syrinnu to increasce the accuracy and reproducibility
of the Injected sample voiume., The needle is romoved

from the solvent, and the plunger is pulled back about

0.2 micreliter to sesarave the solvent flush from the
gample with a pocket ot asir to be used as a marker. Jhe
needle 1s then immersed in the sample, and a 5-microliter
aliquot is withdrawn, taring into consideration the volume
of the necdle, since tie sawple in the needle will be
conpletely injected. After the needle is removed from

the savple and prior te injectcion, the plunger is pulled
back 1.2 microliters to minimize evaporation of the sample
from the tip of the needie. Obscerve that the sampic
occupies 4,9~5.0 microliters in the barrel of the syrinpe.
Duplicate injections o©of each sample and standard should

be made. No more than a 3% dificrence in arca is to

be expected. An automatic sample injector cen be used

1f 4t is shown to give reproducibility at least as good

as the solvent flush technique. '

Mzasurement of area. The area of the sample peak is meas-

ured by an electronic integrator or some other suitable
form of area weasurement, and preliminary resulls are read
from 2o standard curve prepared as discussed below.

Determination of Desorption Efficiency

8.5.1

8.5.2

Importance of determinaticn. The degsorrtion efficicncy of a
particular cerpound can vary from one laboratory to another
and also Irom one buatch of chavcoul to another. Thus, 1t is
necessary to detcrmine at least once the percentage of the
specific coupound that is removed in the desorption precess,
provided the same batch of charcozl 1s used.

Procedure for deternining desorpticn efficiency. Activ=-
ated charcoal equivalent to the amount in the first secc-
tion of the sampling tube (100 ny) is measurced Into a
2.5 in, 4= I.D. gloss tube, flame scaled at once end.
This charcoal must be irom the same batch as that used
in obtaining the samples and can be obtainco from unused

. charcoal tubes. The oven end is capped with Parafilm,

A known amount of the analvee 1o injected directly into
the activated charceal with a microliter syringe, and
the tube is capped with move Parafilm.  When usiag an
automatic sample Injector, the sample injector vials,
cappud with Teflon~faced septa, may be used {n place of
the glass tubes,
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Six tuben at each of three concentration levels (0,5%,1% and
2% of the standard) are preparced by adding an amount of ana-
lyte equivalont to that present In a 4 iiter sample at tue
gelected lovel,  The tubes are allowed to stand for at least
overndpht to assure complete adsorptien of the analyte onto
the charroq]. These tubes are referred to as the sampien,

A yarallcl blunk tube should be treated in the same nanner
except that no sample is added to it., The sample and blank
tubes arc desorbed and analyzaed din ewaetly the same manner
as the saxpling tube deseribed in Section 8.4,

Two or three standards are prepared by injecting the same
volume of compound into 1.0 ml of carbon disuliide with the
same syringe used in the preparation of the samples. These
are analiyzed with the sampiles,

If the internal standard method 1s used, prepare calibration
gtandards by using 1.0 ml of carton disuliide containing a
known zmount of the internal standard.

The desorpticn efficiency (D.E.) equals the averape weight
in mg cecovered from the tube divided by the welght in ng
added o the tube, or

D.E. = Averarce Weicht (o) rocnvo*ea
Weight (wmy) added

The desorption efficiency is dependent on the avount of
analyte collected on the charcoal, Plot the desorpticn
efficiency versus weight of analyve found. This curve

is used in Secticn 10.4 to correct for adsorwption lesscs,

Calibraticn and Stondards

It is convenient to express concentratien of standards in terms of
mg per 1.0 ol carbon disulfide, beocause samples are desorbed in this
amount of carbon disuliide. The density of the analyte is used to
convert mg into micreliters for easy measutement with a microliter
syringc. A series of stancards, varving in concentration over the
range of intcrest, is prepared and analyced under the same GC condi-
tions and during the same time peried as the wunkuoown sample.  Curves
are cstablished by plorting coneentration in my per 1.0 ml versus
pcak area.

For the internal standard method, use carbon disulfide containing a
predeteruired sscunt of the internal srandard., The internal standard
concentraticn uted was apprexamately 700 of the ceoncentration at 2X
the standurd. “he analvte concentration in mp per ml 4s plotted
versus the area ratio of the analvte to that of the internal standard,
Note: Wacther the external standard or internal standard meched is
used, standard soluticens should be analvred at che same time the
gample analysis 1s done. This will nmindsize the effect of variations
in FID rCSpQﬂoCa
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10, Calemlat{enn

10,1 Read the welcht, in my, correspending to each peak aren fronm
the strndasd curves  Ho volune correetfons are necded, hocaune
the prandord curve i based on my por L,d mb carbon disulfide
and the volume of sample injected Ls {dentici] to the voluae
of the standards injectud,.

10.2 Correcctions for the blank must be made for cach sample.
mg = wg sample - mg blank
vhere:

ng sarple = mpy found in front section of sample tube
mg blank = mg found in front section of blank tube

+ A similar procedure i1g followed for the bachkup sectiona.

10.3 Add the azmounts present in the front and backup mections of
the samc sample tube to determine the toral weight dn the
seample, '

10.4 Reed the desorption efficiency frem the curve (pee Secticn B8.5.0)
for the amount found in the front zectdon., Divide the total weight
by this dezorption efficiency to obtain the corrected mg/eample

o (4
Corrected mg/szmple = Zotal yeight
: D.E,
10,5 The concentrntion of the analyte in the alr sampled can be ex=
presced in ng per cu m.

Corrected mp (Section 10.4) x 1000 (liter/cu m)
Air Volume Sampled (liter)

mg/eum =

10.6 Another method of cxpressing concentratien is ppm (correeted
to standard conditilons of 25°C and 760 mum Hg),

24.45 760 < (T + 273)
Md TP 298

ppm = mg/ecu w X%

where:
P w  pressure (sm Hg) of &air savpled
T =  temperature (°C) of air sampled
24,45 » molar volume (liter/mole) at 25°C and 760 mm Hg
MW = molecular weight
760 & gagtrandard pressure {(mnm Hp)
298 =~ gtandard temperature (°R)
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114 Reterenoes
11.1 White, L.D. et al, "A Conveulent Optimiied Mothod for the

Analysils of Selucted Solvent Vapors in the Industrial
Atmosphiere,' Amer, Ind, iHya. Assoc, J,, 31: 225 (1970),

11.2 Docunentation of NIOSH Valdidation Tests, NIOSH Contract
RO‘ CDC"'QE)‘?!*"[O:)Q

11.3 Finzl Report, NIGSH Contract HSM~99-71-31, “Personal Sampler
Pump for Charcoal Tubes," September 15, 1972,
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Sampling Data Sheer Wo. S490

Substance
lexane

Standard
8-hour time-weighted average: 500 ppwm (1800 uwg/cu )
Reference: 29 CFR 1910.93

Analytical Method

A known volume of air is drawn through a charcoal tube to trap the
hexane vapers present. The analyve is degsorbed from the charcoal
with carben disulfide, and the sample 1s separated and analyzed using
a gas chromatograph with a flame ionizarion detector. The method

has becn valideted over the range of 877 - 3679 wp/cu m for a 4~liter
sample at 17°C and 764 mm Hg atmospheric temperature and pressure.

Sampling Equipment

A calibrated personal sampling pump whose flow can be deternined
accurately, +5%, over the range 0.05 to 0.2 liters per ninute,
plus charcosl tube containing two sections of 20/40 mesh activated
charcoal separited by a 2-mm portion of urethane foam.

Sample Size

A sample size of 4 liters is recommended. Sample at a flew rate of
0.2 liters per nminute or less,

Sempling Procedure

1. Immediately before sampling, the ends of the tube should be breken
80 as to provide an opening approximately one-half the internal
diameter of the tube.

2. The smaller section of charcoal is used as a back-up and should be
positioncd nearest the sampling pump. The charceal tube should be
placed in a vertical position during sampling to aveid channeling
and subscquent premature broaktnrourn of the analyte,

3. Afir belng sampled should not bc passed through any hose or tubing
before entering the charcoal tube.

4, Sct the flow rate as accurately as possible using the manufacturer!
directions, Record the temperaturce and pressure of the atmosphere

sampled., 1If the pressure reading Ls not available, record the eleva=

tion, If the pump is a low flow rate pump, set the approximate flow
rate and recerd the Initdal and final counter reading. The sample

volume is obtained by nu!tiplying Lho numbor of chunccr strokes times

the ce/seroke factor,




(The charcoal tube consists of two scctions of activated char—
coal zeparated by a secticen of urcthane {cam, Sce Scction 6.2).
If 4 porticular atcosphere is susperted of ceontaiaing a large
amount of centaxminant, a smaller scmpliing voluze should be
taken.

3. Intericrence

3.1 Ehen the amount of water in the air is so great that condensa-

3.2

3.3

3.4

tion actually occurs in the tudbe, organic vapers will not be
trapped efficiently. Preliminary expsriments using toluene
Indicate that high humidity severely decreases the breakthreugh
voluze.

Yhen w0 or more coopounds are kmown or suspected to be present
in the air, such Iafcrraticn, includinag their suspected iden-
tities, should be transmitted with the sawmple.

It must be ecphasized that any conpcund which has the sarme
retentic: tize as the amzlyte a2t the operatins condlitions de-
scribed in this method is an interference. Retention time data
on a single column cancot be considered as proef of chemical
{dentity.

If the possibility of interference exists, separation condlticns
(colu=n packing, temperature, etc.) 2ust be changed to circum-
vent the problea.

&. Precicion and Accurcew

4.1

4.2

The Cocfficlent of Variaticn (CV.) for the total analytical and
sappling sethod in the ramge of 877 - 3679 mefeu o was 0.052.
This value corresponds to a 112 nofeu n standard deviation at
the €S2 standayd level. Statisticezl Information aond details
of the validaticn and experizental test procecures can be found
in Reference 11.2.

Oa the average the values obtained using the cverall sacpling
and analyticzl method were 3.87 lower than the "true" value
at the 0533 standard level.

These date are based on validarion cxperinments using the ia-
ternal stondard xmethed.

*

S. Advantarcs and Disadvantases of the Methed

S.1 The sazpling device is snoall, portablz. and involves no liquids.

Interferences are mininal, and sost of those which do occur
can be eliziratcd by alteriap chromategraphle conditions: The
tubes are azalyzed by means of a quick, instrumental method.
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6.

5.2

5.3

The rethed can alro be wvaed
two Or LATe eubLances
se=ple by alizmnly channing

Aam ey
{eotherzzl to a temperarur

for
suspected
Jads T cth%;toh.’ﬂu‘c conditions Tfronm
=prograwmned

the i
to be

multanceous analysia of
present i the sare

=ode of operation.

Ona2 diszadeantage of the zothod 4s that the armount of smample
which cin te talon 13 1 ~ited by the nu ﬁer or millisrams that
the tube il h2id Zcore c"erloud_“z. whan the gampic value
obtzine? for 'he hac exceeds

252 of 1.« _cund en
acrnle loss existcs.

he front

Further—sre, the precision of the
the pressure drov

reproducibiliry of
drop will affect the flow rate
ipprecise, tecsuse the pucp is
only.

Apparatus

6.1

6.2

6.3
6.4

6.5

6.6

6.7

6.8

A celibrared
ained within
(Reference il.3).

personsl sampling

Chercoal tubes:
long wit

2 kup section of the charcoal tube
.-
L

gection, tine possibility of

method is limited by the
acrosg the tubeg. This
and cause the volune to be
useally cilibrated for one tube

purp whose flecw can be deter-

=5% at the recormenced flcw rate.

elaee tube with beth ends flame seceled, 7 ecm
h & 6~ 0.D. &2nd 28 4-rm I.D., conraining 2 sections

of 20/40 rcsh activated chercozl separated by a 2-mm portion

of urcthene fean.
cocorut chells and 13
ebucrbing section eor

tion 56 2. A 3~ porticn el
the outlzt exd cf the tuhe and
eilylated slcss wool 1is placed
ticii. The mressure drop
inel: of wor at a fiow rate

P

=a ¥y

&CYOES

The activeted charessl 15 prepared irom

60G°C pricr to Tre
mz of charccal, the backues sec—
uvrathane foam is placed between

the backup of
in frent of the ubuorbi“v sec—

the tube must ba lens then one
of 1 liter per ainute.

Gss chrcoatogrsph equipped with a flame icnizetion detector.

Colurn (Z0-fr x 1/8-in

stalinless steel)} packed with 107 FFAP

on 81/iG) zesh Chrososorb 1 AR-DMNCS.

An electronic integrator or ecme other suitable method for

peasuring real arece.

-

Two-nillili-er sarnle containers with gliss stoppers or

Teflon-linel caps.

If an automatic sanmyle injector is used,

the associated vials rny be used.

Micreliter syrincen:
for maxing staudards.
Pipets: 1.0 =l type graduated

590-3
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in 0.1l-ul increments.



Y 6.9 Volumetric flasks: 10-ml 6rl¢bﬁ§¢nléﬁ£ 3izc6]f§r,maklng

standard soclutlons.
7. Rearents
7.1 Chrocatographic quality carbon disulfide.

i S
7.2 n-Hexane, reagent grade

7.3 Xonane, or other suitable internal standard
7.4 Purified beliux
7.5 Prepurificé hydrogen,
7.6 Filtered compressed alr.
8. Procedure

8.1 Cleaning of eguizment. All glasswsre used for the laboratory

analysic shouid be detergent washed and thoroughbly rinsed with
tap water and distilled wacer.

8.2 Calibrztion of Perconal Pumps. Each personal pump rmust be
calibrated with a representative charcoai tube in the line.
This will minirize errors associated with uncertaianties in
the szrplz volunme collected.

‘8.3 Collection and Shipping of Samples
8.3.1 Irzediztely before sazmpling, breczk the ends of the tube
to provide an opening at ieast one~half the Internal
.- diameter of the tube (2 =3).

B.3.2 The s=zller section of charcoal i1s used as a back-up
and chould be poesitioned nearest the sanmpling pump.

8.3.3 The charcozl tube should be placed in a vertical direc-
tion during sampling to winimize channeling through the
charcoal.

8.3.4 Alr being sazpled shcould not be passed throush any hose
or tubing before entering the charcozl tube.

8.3.5 A paxinux sample size of 4 liters 1s recomuended. Sample
at a rate of 0.2 liter per zinute or less. The ilow rate
should be known with an sccuracy of at least 5%,

8.3.6 The temperature and pressure of the atmospheve being
sazpled should be recorded. If pressure reading 1s not
available, record the elevation.
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8.3.7 The chrrcoal tubes rhould Le capped with the supplied
plartic caps fiizediately siter samviing, Under no
circuzstancen ghould rubber caps be used.

8.3.8 One tube should be handled In the sarme nmanner as the

garmple tube {(broair, secal, and transport), except that
no &ailr 1s sacpled throuszh this tube. This tube should
Be 1“bclcd au a blank,

8.3.9 Capped charcoal tubes should be packed tightly and pad-
ded before they are snipped to minimize tube breakage
during shipping.

8.3.10 A ssmple of the bulk material should be submitted to the
laboratory in a glass conteiner with a Teflon-lined cap.
This sacple should not be transperted in the game container
ag the chzarcoal tubes.

8.4 Analysic of Samples

8.4.1 Pteparat*cn of Szmples. In preparation for analysis,
eazh charceozl tube is scered with a file in front of
the firet section of charcoal and broken open. The
glzcs weol is removed and diccarded. The charcozl in
the first (larcer) secticn is transierrcd to a 2-ml
gtoppered zcmple container. The separaring section of
foan fc remcved and discarded; the sszcond scctdion is
trancferrcd to ancther stoppered container These

. wwo sections are znalyzed reparately.

8.4.2 Desorption of Sampl Prior tc enalvsis, 1.0 nl of
carbon disuvlifiice ig vetred into each sample cearainoy.
(A1} vork with carb disuiride should te periormed in

a hocd hiocause of its high toxicitv.) Desorprion should
be done for 30 minutes. Tests indicate that this is ade-
quatce i the C'.ple s zriecnated occasionnily dquving this
period. If an autonatic sample injecrer is used, the
Bacple vials shoul be capved as soon as the gsolvent ia
gdced to minimize volatiifizprican., For the internal stan-
dard method, desord using 1.0 ml of carbon disulilde con-
taining a known amount of the chosen internazl standard,

€
i

8.4.3 GC Conditions. The typical operating counditicns for

ca
the gas chrezatograph are:

1. 30 n)/=2in (60 psiy) Helium carrier gas flow

2. 35 ml/=in (25 psig) Evdroeen gas flow to detector
3. 40C mlizin (60 psig) Alr flow to detector

&. 225°C injector t(np rature

S. 250°C vanifold temnerature (detector)

6. 52°C column temperature

590-5
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8.4.5

InYectfon, The {irat scepiin thic analysis (s the fnjec-
tion of the sample iuto the nas chrvomatonraph.  To eld-
minate diificultivs arising fYom blow back or distillation
wlthin the syringe ncedic, one should emplioy the solvent
flush Injectden tecanigues,  The lO-microliter syringe is
first fluchied with solivent zeveral times to wet the barrel
and, plungar. Three wicroliters of solvent are drawn into
the'sy:inge to increase the accuracy and reproducipility
of the injected sample voiume. The needle is removed

fronm the selvent, and the plunger is pulled back about

0.2 micreiiter to sesarate tne solvent flush from the
sazple with & pocker ot sir to be used as a marker. The
needle 1s then immersed in the sample, and a S5-microliter
aliguot is withdrawn, tarzing into considerarion the volume
of the recdle, since tie sample in the needle wiil be
completely injected. after the needlie is removed from

the szcple end prior te injecrtion, the plunper is puiled
back 1.2 =nicroliters to wminirize evaporarion of the sample
from the tip of the necale. Observe thar the sampie
occupies £.,9-5.0 micreciirers in the barrel of the syringe.
Duplicate injections ai each sample and standard should

be wade. No more than a 3% difference in area is to

be expected. An automatic sample injector can be used

1f it is shown to give reprodecibility at least as good

as the solvent flush technique. - ’

Measurement of a2rea. The area of the sample peak is meas-
ured by an electronic integrator or some other suitable
form of area veasurement, and prelininary results are read
fron a2 standard curve prepared as discussed below.

8.5 Deterniination of Desorption Efficiency

8.5.1

8.5.2

Importance of determinatien. The desorption eff{icicncy of a
particuvlar ceopound can vary ircs once laboratory to another
and 2lsec Irom one bateh of charcoul to amother. Thus, it is
necessary Lo determine at least ence the percentage of the
specific compound that is removed in the desorption process,
provided the sazme batch of charcozl is used.

Procedure for determining desorpricn efficiency. Active
ated charcozl ecuivalent to the amount in the first sec-
tion of the sampling tube (100 =) is measured Into a

- LS a0 ) «Da L3355 uose fiome sea C al n C .
2.5 in, 4~ I.D. gl tube, ti led at one cend
This charcozl cust bée from the same bateh as that uscd
in obtaining the saxzples and can be obtalnced from unused

. charcoal rubes. The oren ead Is capped with Pararilo,

A known amount of the amalvte 1s injected directly intvo
the activated chiarccal with 3 microliter syringe, and
the tube is capped with morve Parafiln.,  When using an
automatic sample Injector, the sample injector vials,
capped with Teflon-faced septa, may be used in place of
the glass tubes.

§%0-6
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Six tubeg at each of three concentration levels (0.5%,1¥ and
2X of the standard) are prepared by zéding an amount of ana-~
lyte equivalont to that present in a + iiter sample at the
selected level. The tutes are allowed to stand for at least
overnight to ascure complere adsorptien of the analyte onto
the charceal. These tubes are referred to as the sonples,

A parallel blunk tube should be treated in the same manner
except that no zample is acded to it. The sample and blank
tubes are deseorbed and analvzed in exactly the same manner
as the szxpling tube described in Section 8.4,

Two or threce standards are prepared by injecting the same
volume ¢f compound into 1.0 ml of carben disulfide with the
same syringe used in the preparation of the samples. These

are anaiyzed with the sanples,

If the internal standard merhod is used, prepare calibration
standaris by using 1.0 =1 of cartoen discvlilde containing a
known zzount of the ianternal standard.

The desorptica efficiency (D.E.) egquals the average weight
in mg recovered frow che tube divided by the weight in ng
added :0 the tube, or

D.E. = Average Weicht (=) recovered
Weight (ig) ¢

on the amount of
. Plot the desorpticn
yee fouad, This curve
ect for adsorption losses.

The desorptica efficiency is dep
anzlyte collected on the charceal
efficiency verses weight of anal
is used in Section 16G.4 vo cor

Calib-aticn znd Standarés

It is convenient to express concentvaticn of standavds in terms of
mg per 1.0 :l carbon disulfide, because sanples are desorbed in this

Ze. The density of the anzlyte is used to
ers for easy Deasurement with a micrcliter
stancards, varving in conceatraticn over the
range of irterest, is prepared and anclyced under the same GC condi-
tions and during the sere time pericd as the unkoewn sample. Curves
are established by plotting concentration in wy per 1.0 ml versus
peak area, .

i
convert flnd into micrallt
ayringe. A series cf st

For the internal standard method, use carbon disulfide containing a
predeterzired azcunt cf the i{nteraal ccaadard. The Internal standard
concentraticn ured was aporeximately 705 of the concentraticn at 2X
the standaré., “The analvte concentration in ny per ml is plotred
versus the area ratio of the analyvie to that oi the internal standard.
Rote: Wheither :he external standard or internal stundard methed is
used, standard soluticns should be analvzed at the same time the
sample znalvsis 18 done. This will mininize the effect of variations
in FID response.
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Calevlationyg

10.1 Read the welight, in oz, corresponding to each peak aren from
the stendard curve. o volune corrections are necded, because
the egtandard curve is bascd on = per 1.0 i carbon disulfide
&nd the volume of sample injected is {dentical to the voluue
of the standards injected.

10.2 Correcticns for the blank wust be made for each sample,
Bz * vy sanple - mg blank
vhere:

mg sacple = mpy found in front mection of szmple tube
mg blank = mg found in front secction of blank tube

- A sinilar procedure is followed for the backup sections.

10.3 Add the zmounts present in the front and backup sections of
the eamc szople tube to determine the toral weight in the
semple. ‘

10.4 Reed the desorptlon efficiency from the curve (gee Section B,5.2
for thz znmount found in the front zsdction. Divide the total wedght
by thic descrption efficiency to obtain the corrected mg/sample

. . ‘
Corrected mg/szople = igﬁ%lﬁﬁﬁiﬁhﬁ

10.5 The cencentraticon of the aﬂal&'t& in the alr sam )led can b‘.’ e~
A i
pressced in ¢z per cu m.

Corrected o (Section 10

cup = e TR -
nsl ALrr Voluxe Sam

e

10.6 Another method of expressing concentysation is ppm (corrected
to standard conditionms of 25°C and 760 mm Hg).

- mp/cu m x 20hS 760 (T + 273)
ppa = ag/cu @ X Vol 7 x 298

where: .
P = pressure (o= He) of eir sarpled
T = tempcrature (“C) of nir sampled
24,45 = polar volume (liter/wole) at 25°C and 760 =m Hg
: /G = wmolecular weight
760 = srvandord pressure (ma Hp)
298 = gtandard tecperature (°X)
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White, L.D, et al, "A Convenlent Optimisced Method for the
Analynis of Sclected Solvent Vapors in the Industrial
Atzosphere,' Amer. Ind, Hya, Assoe, J,, 31: 225 (1970),

Pocunentation of NIOSH Validation Touts, NIOSH Contract
No., CIC=~09=74-45,

Finzl Report, WIOSH Contract H3M-99-71-31, "Personal Sampler
Purp for Charceoal Tubes,” September 15, 1972,
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Sampling Data Sheet No. 590

Substance
Hexane

Standard
g~-hour time-weighted average: 500 ppm (1800 wg/cu w)
Reference: 29 CFR 1910.963

Analytical Method .

A known volume of air 1is drawn through a charcoal tube to trap the
hexane vapors present. The analyte ia desorbed from the charcoal
with carben disulfide, and the sampie is separated and analysed using
a pas chromatograph with a flame lonizarnion detector. The pethod

has becn validared over the range of 877 ~ 3679 wp/cu m for a 4-liter

~

sample at 17°C and 764 me Hg atmospheric Lemperature and pressure,

Sampling Equipment

A calibrated personal sampling pump whose flow.can be determined
accurately, +5Z, over the range 0.05 to 0.2 liters per ninute,
plus charcosl tube containing two sections of 20/40 mesh activated
chareoal separsted by a 2=-mm portion of urcethane foam.

Sample Size

A sample size of 4 liters is recommended. Sample at a flow rate of
0.2 liters per minute or less

Sampling Procedure

1. Immediately before sampling, the ends of the tube should be Lreken
80 as to provide an opening approzimately one-half the internal
diametoer of the tube.

2. The smaller section of charcoal is used as a back-up and should be
positioned nearest the sampling pump. The charcoal tube should be
placed in a vertilcal position during sampling to avoid channeling
and subscquent premature braakthrouch of the analyte.

3. Air being sampled should not be passed through any hose or tubing
befere entering the charcoal tube,

4. Set the flow rate as accuratcly as possible using the manufacturex’
divections, Record the temperature and pressure of the amespherc
gampled, If the pressure reading 48 not available, receord the eleva=
tion. If the pump is a low flow. vate pump, sct the approximate fldw
rate and record the initial and final counter reading, The sample’ ©

volume 15 obtained by nuitiplyinb Lha numbox of counter strokes Clues o

tha cc/,trol. factoc. , .



5¢ The chorcoal tuwbed should be copped with the aupplied plastic capn
fnvediately atter sampling. Maskiong tape ig the only suitable
gubLtitute for seallng tne tubes,  Under no cilreumstances should
rubber caps be uscd,

6. One charcoal tube should be handled in the same wmanner as the
sample tuhes (break, seal, and transport), except ror the taking
of an alr sample, 7This tube should be lobeled as a blank,

Specicl Consideration

1. Where tvo or more compounds are known or suspected to be present
in the alr, such inforwmacrion, including their suspectee identities
sliould be transmitted with the sample,

2. TDue to the high recistance of the charcoal tube, thiz sampling
method placed 2 heavy load on the sampling pump. Therefore, no
more than ten charcoal tube gamples should be taken without fully
rechargiag the battery.

3. If high humidity or water mist 1s pruesent, breakthrouszh volume
can be severely reduced, £ condenegatdion of water occurs in the
tube, the substance will not be trapped quantitatively,

4. The desorpticn efficlency of charcocl varies from batch to batch,
Therefore, all the tubes used to ccllect a set of sarples should
contaln charceoal from the same batek. Several unused charcozl
tubes should accompany the sanmplies. Information on the batceh
nunber of the charcoal must be supplied.

Bulk Seamplen ) .
A bulk sauwple of the suspected corpoundd should be subwitted to the
leboratery in a glass container with a Teflon-lined cap. Lebel of
the bulk eomple should mateh alr samples for identification purposcs.

Shipping Instructicns
Capped charcozl tubes should be vacked tightly and padded before
they are shipped to mininmire tube breakane during shipplng. Never
trancport, mail, or ship the bulk sauple in the pame containcr as
the sample or blank tube.

Reference

Hexane, NIOSH lMethod No. 590

$90-2



http:j,nciud:!.ng
http:9u!::pect.cd

Backup Data Report

Substance: Hexane
OS5HA Standard: 1800 uwgp/tu m

Chemical uscd for
validation:  n-Hexane, Fisher 99 Mol % Pure

Procedure

The gencral procedure uvsed is described in HIOSH Mcthod Wo. SS90 which
has bLeen adapted from P&CAM 127, Descrpticn efficiency tests were
done at 0.5, 1 and 2 times the OSHA standard by spiking with the ap=-
propriate voluze of hexane resresented in a 4=liter air sample. The
charcoal used was Lot 103 activated ccconut charcoal supplied by SKC,
Inc., Pittshuergh, Pa. Spiking and desorption tests were done in the
2 ml vizlis used with the Varian Model 8000 autematic sauple injector.
Gas- chrozatographic analyses were done wich this autosampier using
nonare as Internal stendard. Details of :the analysis procedures way
be found in the Butyl Acetate 547 Backup Jata Report.

Modificatien
Thure were no modifications of P&CAM 127.
Generation

Test atmosphere samples at a concentration 2 times the 0SHA standard
level were generated by delivering 376 mpo/nin of hexane viz a syringe
injector to a dry a2ir streem flewing at a rate of 0.1022 cu w/uin,

The three sample lines were then maintained at dilutdion ratios of
0.2384, 0.4516 and 1.000 to produce the 0.5, 1 and 2X OSHA standaxd
test levels., All 6 samples at the 3 test levels were collected simul-
tancously ut 0.22 liters per minute for 18 minutes (4 liters). De-
tails of the sampic generation and collection equipment may be found
in the Butyl Acetate S47 Buckup Data Report.

Breakthrough

The first section of the charcoal tube was found teo held 21.7 mp of
hexape when a test atmosphere containing 2679 mpg/cu m of hexane in

air was saxpled at 0.19 liters per minute for 31 minutes; breakthroush
was observed at this time, f.e., the concentration of analyte in the
effluent was 5% of that in the influent.

-
.
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Precision and Accuracy

g ~* The statiarical procedures uged are deseribed in Reference ),

cv, = 0.0139 ¢V, =  0,0368 E‘x‘i,r = 0,0623

The averape recovery of the gencrated samples over all levels was
*

+

97.9 + 8.1%

The uncertainty in this value was comyuted as follows:

Viev)2 + 0.012 % 100
X Recovery/100

% bncertainty =
where 0.07 is the uncertainty in the generated concentration level.
value was determined from the acetate esters ia Set D,

References

1. Documentation of NIOSH Validation Tests, NIOSH Contract No,
CDC~99-74~45,

$90-2

This



Level 0.58
mg; oy
added {ound
3.56 3.48
3.56  3.33
3.56 3.35
3.56  3.36
3.56 3.32
3.56 - 3.34
n =

mean

std dev

&

DE
0.978
0.935
0.941
0.944
0.933

0.938

0.945

0.0167
0.0177

Date Sheet: Hexane 590

Analvals
1s
mg mg
added found DE
7.25 6.88 0.949
7.25 6.84 0.943
7.25 6.85 0.945
7.25 6.98 0.963
7.25 6.75 0.931
7.25 6.73 0.928
6
0.943
0.0127
0.0135
cvy 0.0139
V55 0.0150

§90-3

25
ng mg
added found
14.50 13.86
14.50 13.81
14.50 13,65
146,50 13.98
14.50 13.68
14.50 13;75

DE
0.956
0.952
0.941
0.964
0.943

0.948

0.951
0,0086

0.0090



Data Sheet: Nexane 890
Sanpling and snalysts

Test lLevel meeesceeee Found ===meewmn e Taken
\, mg . Corr my Liters wmg/cum me/ou m Recovery
0.58 3.2% 3.48 3.97 877 877
3.25 3.44 3.97 867 877
1.53% l.62% 3.97 409% 877
3.10 3.28 3.97 825 877
2,93 3.10 3.97 780 877
3.25 3.44 3.97 8¢7 877
nw=35
mean 843 96.1
std dev 40.5
CV2 0.0481
1s 6.37 6.73 3.97 1695 1808
) 6.42 6.79 3.94 1723 1808
6.56 6.93 3.90 1777 1808
6.89 7.28 4.01 1815 1808
6.09 6.44 3.96 1626 1808
6.64 7.02 3.89 1805 1808
n==~6 .
mean 1740 96.2
std dev 72.8 .
CV2 0.0418 :
25 13.97 14.77 4.06 3640 3680
14.14 14.95 3.96 3780 3680
14.14 14.95 3.96 3780 3680
13.98 14.78 3.94 3750 3680
- 14.61 15.44 4,10 3770 3680
14.05 14.85 3.96 3750 3680
n=06 .
mean 3745 101.6
8td dev 53.2
cv 0.0142
2
‘6\72 ‘ 0.0368
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Pentang
Analyte: Pentane Method Ho.: 8379
Matrix: hix . Range:  1476-6190 mp/eu n
OSliA Standard: 1000 ppm (2950 mp/cu ) Precision (CV3): 0,055
Procedure: Adsorption on charcoal, Velidation Date: 3/14/75

desorption vith cavbon
disuliide, GC

1. Principle of the Method

1.1 A known volume of alr is drawn through a charcoal tut o trap
the organic vapors present,

1.2 The charcoal in the tube is transferred to 2 swall, ctoppered
sanple container and the analyte g desorbed with carbon disul-~
fide,

‘1.3 An aliquot of the desorbed rnnpla is injccted into a gas
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Pentana

Analyte: Pentane Method Ho.t 8379

Matris: Ady : Range:  1476-6190 mg/cu m
OSHA Standard: 1000 ppm (2950 mpp/cu ) Precision (5?&): 0.055
Procedure: Adcorption on charecoal, Validation Date: 3/14/75

desorption with carbon
diculfide, GC

Principle of the Hethod

1.1 A known volume of alr is drawn thiough & charcoal tube to trap
the organiec vapors present,

1,2 The charconl in the tube is translerved to a small, atoppered
sample container and the aralyte .8 Jdesorbed with carbon digul-
fide. . ‘

‘1.3 An aliquot of the desorbed semple is injccted into a gas
- chromatograph,

1.4 The ares of the resulting peak Is deternined and compared with
arcas obtained from injection of standards,

Ranpe and Sensitivity

2.1 Tbis method was valddated over the ranpe of 1476-6100 mo/cu m oat

‘ an atmospheric tempevature and pressure of 24°C and 769 wa Ny,
using a 2-liter somple.  Under the conditions of sample size
(2 liters) the probable usceful range of thia method 1s 300-8550
mg/cu m at a detector sensitivity that gives nearly full de-
flection on the strip chart recorder for an 18-mg sample. Ihis
method iIs capable of measuring much smaller amounts 1f the de-
sorption efficiency Is adequate. Desorption efficiency must be
determined over the range used.

2.2 The upper ldmlit of the range of the mcthod in dependent on the
adsorptive capacity of the charcoal tube. “This capacity varles
with the concentrationn of analyte and other substances in the
afr.  The first section of the charcoal tube wan found to hold
18 mp of analyte when o test atmosphere contalning 5640 mp/eu m
of analyte in air was namplaed at 0.19 liters per minute for 16.5
minuten; breakthrough was obscrved at thie time, i.e., the .
concentration of analyte in the cffluent was 5% of that in the
influent,
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' {(The eharconl tube conndutn of tvo pectionn of activated ehay-
conl neparated by a cectdon of urctlume foam,  Sece Scetion 6,2),
If a partdenlar atmonphere o sunpeeted of vontaining n Iarge
amomnt of contaminant, a swmaller sampling volume should bie
taken,

3. Interference .
- 3.1 When the gwount’ of water in the air 1 so great that condensa-
tion actually occurs in the tube, organle vaporn vill net be
ctrapped ol ffciently, Prelimdnary experinents using toluene
indicate that high humidity severely decreases the breakthroongh
volume, L. . , .
3.2 VWhen two or more compounds are lmowvn or suspected to be present
An the air, such inforwmatlon,. . dncluding thelr surpected iden-
tititn, should be transmitted with the sample,

3.3 71t must be emphasized that any compound which has the samc
retention time as the analyte at vhe cperating conditicns de-
scribed dn this method Is an interferonce,  Retention time data
on a single coluun cannot be consider:d as proof of chenmical
identitv L S S AU P .

3.4 Ii the ponsibility of interference exlsts, separation conditions
{(column packing, temperature, etc,) must be changed to clrvcun-
vent the problenm, B .

4, Precision and Accuracy

4,1 The Goefficient of Variation (CVy) for the total analytical and
sampling wethod in the ranpe of J476-06190 mp/cu m was 0,055,
This value corrvesponds to a 1060 mg/eu w standard deviation at the
T OSHA standard Jevel.,  Statistical dnfovmation and details of the
validation and experimental test procednros can be found in
Reference 11.2, : :

4.2 On the average the valucs obtained using the overall sampling and
analytical method were 9.77 lower than the “true' value ot
the OSHA standard level, . ’

v

These data are bascd on validation experiments using the internal
standurd method.

5. Advantapes and Disadvantapes of the NMethod

5.1 The sampling device fs small, portable, and.dnvolveu no liquids,
Interferences are minimal, and most of those which do oecur
can be eliminated by alterving chromatosraphic condiftions.  The
tubes avce anulyzed by means of a guick, Instrumental method,

\N
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6.

3.2

5.3

The wetheosl con aloe be vwoed for the afvmltoncous analynin of
tvu oy pore cubntaneer puspected to be preoent dn the onue
purple by pluply chrnging pan clromatomraphie conddtiona (rom
fuothermnl to a temperature~progroaned mayde of operation,

One dinadvantape of the wethod 4o that the omount of sample
vhich ey be taven da Mimdted by the nunber of williprams that
the tube uill hold befove overloading. When the nample value
ohtnined for the heclup neetdion of the charcoal tube exceeds
254 of that found on the front scction, the ponnibility of
semple lous exdnta,

Furthermore, the precfolon of the wmethod L8 limited by the
reproducibility of the pressure drop acrona the tuben, Uhis
drop will affcet the flovw reate and cause the volume to be
imprecise, becnuse the pump 1o usuclly calibrated for one tube
only. ’

.

éﬂﬂprntun

6.1

6.2

6.3

6,4

6.5

6.6

6.7

6.0

A colibrated perconsl rempling puwmp whene flow can be deter=-
mined uvithin 25% at the recommended flew rate.
(Reference 11.3).

Cherconl tuben: gplass tube with both ¢nds {lame cealed, 7 cm
long with a 6~m2 0.D, and & 4=mn I.D., containiang 2 pections
of 20/40 pash activsted clhizrcoal separnted by a 2-um portion
of urcthane faom.  The activeated charcoal ias propared from
coconut abclls and 1o fired at 600°C prior to packing, The
absorbing section containog 100 pp of charceal, the bockup see-
tion 50 mp. A 3-mm portion of urethanc foam In placed between
the outlet end of the tube and the bachup scotion, A plup of
pillylated placa wool i placed 1n front of the abusorbing cee-
tien. The precoure dreop ecrors the tube wuct Lo lecs then one
dnch of mercvry at a flow rate of 1 liter per minute.

Gan chronstopraph equipped with a flame fonization detector.

Columm (20-ft x 1/8-1in stainless steel) pacled with 0% FFAP
on 80/100 mesh Chronosorb W AW-DNCS.

An clectronile dnteprator or some other sultable method for
wmeasuring peak areaus,

Tvo-milliliter sample containern with gravs ntoppers or
Teflon-lined capun., If en automatic sawmple injector is uncd,
the aosociated vialo mny be used.

Hicroliter syrinpgen: 10-nicroliter, and other convenient sizen
for making standardo.

Pipeto: 1.0 ml type praduated in 0, lw-wml incremento.
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8.

0.9

Voluwstrle flaskar 10-ul or convenlent afzen for maklap
ptandard nolutionn,

Renpent s

7.1
7.2
7.3

7.6

Chroratographic quallty carboen dinuliide,

Pentane, reagint grade

Honane, or other sultable Internal standord

Purdificd hellum

Prepurificd hydropon.

Filtered compressed air,

Procoedurce

8.1 Cleaning of equipment. All glasware used for the laboratory
analysis should be deterpgent washed and thoroughly rinsed with
tap wvater and distilled water,

8.2

8.3

Calibyation of Personal Pumps, Lach personal pump nust be
calibrated with a representative churcosl tube in the lince.
This will minimize ervors assoclate:l with uncertaintics in
the sawmple volume collected.

Collection and Shipping of Samples

8.3.1

8.3.3

8.3'4

8.3.5

8.3.6

Imnediately before sampling, break the ends of the tube
to provide an oponing at least one-half the internal
diameter of the tube (2 mm).

The smaller sectdon of charcoal 1s used as a back-up
and should be positioned nearest the sampling puwmp,

The charcoal tube should be placed in a vertical dirce-
tion durdng sawpling to minimize channceling through the
charcoal,

Alr bedng sampled should not be pansed through any hone
or tubing before entering the charvcoal tube.

A maximum sawple size of 2 liters is recommended, Sample
at a rate of 0.05 liter per nloute or less. The flow rate
ghould be known with an accuracy of at least 5%,

The temperature and pressure of the atmosphere bueing
sampled should be vecorded., TIf prescure readlng fw not

available, recovd the clevation, ' o
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Yo8.307 The charconl tahen phould be capped wvith the osupplfed
plantic copo freneddately after noupling.  Under no
clrennstances ghould vubbey capo e uned,

8.3.8 One (ube alioald be handled In the nnme manney an the
sample tube (break, sesl, and transpovt), escept that
no air Lo wanpled throupgh thia tube,  This tube should
be Jabeled an o blank,

8.3.9 Capped charcoal tuben should be packed tightly and pad=
doed before they are shipped to mindmlze tube breakape
during chlpping.

8.3.10 A prnuple of the bulk material should Le submitted to the
laboratory in a glass container with a Teflon-lined cap.
“Thic gaeple should not be transperted In the same contaluer
as the ctharconl tubeo.

8.4 Analysis of Senples

8.4.1 TPreparction of Samples. 1In preparetion for analysis,
each charccal tube is scored with ¢ file in front of
the first scetion of charcoal and broken open. The
glass wool 18 rcuoved and discarded, The charcoal in
the first (larper) section is tranuferred to a 2-ml
stoppered sample container, The separating scction of
foaonm i removed and discovded; the sccond section is
trancferred to another stoppered container., These
two sections ave analyzed separately.

8.4.2 Desorption of Semples. Prior to analysis, 1.0 ml of
carbon disvlfide 1s pipetted dnto cach sample coutainer.
(A11 worli with carbon disulfide should be performed in
a hood becauss of ftr high toxielty.,) Dbesorption should
be dene for 30 minntes, Tests indicate that this i ede-
quate 3£ the somple i agitated oceanionally during this
perlod,  If an automntic sawmple dInjector {s used, the
sanple vials should be capped as soon as the solveant ig
added 'to mindnmize volatilization., Yor the internal stan-
dard wethod, derorb uaing 1.0 wl of carbon diculfide con~
taining a lnouwn amount of the chosen Internal standard,

8.4.3 GC Conditfonn. The typlcal operating conditio.s for
the gas chrematopraph ave:

1. 30 wl/min (GO prip) MHelium carrier pao {low

2. 35 ml/min (25 psig) Hydropen pan flow te detector
3. 400 wml/min (60 peig) Alyr {low to detector

G, 235°C infjectoy temperature

5. 250°C mandfold temperature {(detector)

6. 52°C column toemperature
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Bo4.4  Injectfon, The fhist step o the analysts e the (njeee
. tion of the gample Into the pas chyomatopraphe To o1 -
winate difficalttes avising, frowm blow Lhack or dscdilatdon
within the syt iape necdle, one shoald ewploy the solvent
flush dnjection technmigues The 10wmicroliter syringe ik
fivat Thushed with solvent severall times to wel the barrel
and plungpere Thrvee microliters of solvent are drovun into
the syrinpe to Increase the accuracy and veprodueibil ity
of the Ipjected gample volume. The needic Is removed
from the solvent, and the plungey Is pulled back about
0.2 mlerollter to sepavate the solvent {lush from the
sauple with a packet of air te be used as a marker. The
needle ds then dumersed In the aample, md a S-nicroliter
aliquot is withdrawn, talking dnte consideration the volunme
of the needle, since the sample In the needle will be
completely dnjected,  Aftver the necdle s removed frowm
the sanple and prior to injection, the pluager is pullad
back 1,2 microliters to miniwmdze ovaporation of the sanple
from the tip of the needle. Observe that the sample
occupies 4.9=5.0 micreliters in the barrel of the syringo.
buplicate dnjeetdons of ecach sample and standard should
be made.  Ho wore than a 3% diffcrence in arca is to
be cxpected.  An automatic sample Injector can be uned
1f ‘1¢ is shown to give reproducilility at least as good
as the solvent flush technique.

8.4.5 Heasurement of arca. The area of the sawple peak 1s meas-
ured by an electronic inteprator or some other suitable
form ¢f area measurement, and prelindnary results arve road
from a standard curve preparced as discussed below.

8.5 Detexmiunation of Desorpiion Efficlency

B.5.1 TIuwportance of detcrnination. The desorprion efficiency of a
particulay conwpound can vory from one laboratovy to ancther
and also {rom one batch of charcoal to another., Thus, 1t is
necessary to determine ab least once the percentape of the
specif{ic compound that is removed din the desorption process,
provided the same bateh of charceal is used,

¢

8:5.2 Procedure for determining desorpvion effiicdency.  Active
ated charcoul equivalent to the amount In the {ivst sce=
tion of the sampling tube (100 up) 1s weasured into a
2.5 dn, demm 1.DL plasn tube, flawme sealed at oue end,

This charcoal must be from the same bateh as that used
in obtadning the samples and coan be obtalned from unused
charcoal tubes. Tho open end ia capped with Paraflilm,

A known amount of the analyte du Jujected dirvectly into
the activated chavcoal with a microliter sysinpe, and
the tule 18 capped with worve Pavafile,  When using an
avtowatic sample Injector, the sample Injector vials,
capped with Teflon~faced septa, may be used {o place of
the glass tubes. ' )
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9.

Sin taben at cach of thyee concentration Jevels (0,55, 1% ond
27 of the gtandmid) are prepared by adding an owount of ana-
Iyte vaudvalent to that preceat In a 2-1iter nample at the
selectod level,  The tubes are alloved to stand for at least
overndpht to assure coumplete adsovption of the analyte onto
the charceals  These tuben are referred to as the nanples.

A parallel blank tube shonldd be treated dn the sane mannor
except that noe sumple is added to 10, The sample and Llanlk
tubes are desovbed and aualyzed in exactly the same nanner
as the sampling tube deseribed in Scetdon B4,

Twe or three standavds ave prepared by injecting the same
volunmz of cowpound into 1,0 ml of carben disulfide with the
same syrinpe uncd in the preparation of the samples.  These,
arce analvzed with the samples.

If the internal standard wethod is used, prepare calibration
standaras by using 1.0 ml of carben disulfide containing a
known amount of the internal standarxrd,

The desorption efficicency (D.E.) equals the averape wveight
in mg recovered from the tube divided by the weight in mg
added to the tube, or :

p.. = Average Weisht Qep) secovered
Welpht (mp) added

The desorption efficiency s dependent on the amount of
analyte collected on the charceal, Plot the desorption
efficicency versus weipht of analyte found. This curve
is used dn Scction 10.4 to correct for adserption losses,

Calibration and Standards

It is convendent to express coneentration of standards in teves of
wg per 1.0 ml carbon disulfide, because samples are desorbed in this
amount of carbon disulfide.  The density of the analyte Is used Lo
convert mg into nmicroliters for easy measurcenent with a microliter
syringe. A serdies of standards, verying in concentration over the
range of Antevest, i prepaved and analyzed under the sane G0 condi-
tious and durinpg the same time perdod as the unknown sample.  Curves
are established by plotting concentration in sy per 1.0 ml versus
peak arca.

For the Internnl stundard methed, use carbon disulfide contalning a
predetermined amcunt of the dnternal standarvd, The fnteruwal standard
concentvation uscd was approximately 700 of the concentration at 23
the standard. The analyte concentravion fn my poer ml s pletted
versug the areia ratdo of the analyte to that of the intevoal standard.
Note: Whether tiae external. stoandard or internal standard method is
used, standard solutions should he analyzed at the same tlme the
gomple analysis s donee  This will winlwize the ¢ffect of variations
in FID scuponse, '
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Q.

Ladendatfang

10.1

10,2

10.3

10.4

0.5

10.6

Bead the weldpht, dn wy, corresponding to cach peal area from
the atandara curve, Ko volume ecorreetions are necded, becaune
the standard curve Is based on wg por 1.0 ml ecarbon disulfide
and the voluwe of sawple dnjected is ddentical to the volunme
of the standards injected.
Correctioms for the blank must be made for each sanmple.

mi = wg sample - g blank

where:

mg sample = mp found in front section of sample tube
mg blank = up found in front scetion of blank tube

A similar procedure is {ollowed for the backup scections,
Add the emounts present in the {ront and backup sectionn of
the same sawple tube to determine the total wedpght fn the

sample,

Read the desorption efficieney from the curve (sce Section 8.5.2)

for the amount found in the front scction. Divide the total welpht

by this desorption efficiency to obtain the corrvected mg/ssople,

o $ .
Corrceted mg/rample = Jotal weipht
‘ D.L.. ’
The concerntration of the analyte in the air sampled can be ox-
pressed dnomg por cu on,

vefoy )

AP,

Coyrected mg (Scation 10 4) x 1000 (lite

mplou mo o= ‘
& Ay Volune sSawmpled (Liters)

Ancther method of expressing concentration ds ppm (corrected
to standard conditions of 25°C and 760 wm Hg).

’ 94,45 ¢ C 27"
ppm = mpfeu mox fiﬁﬁﬁ'x Z%l x(lwé§§ZQl
vhere:
P =  pressurc (nm Hp) of alr sampled
T = temperature (°C) of alr sampled
24,45 = polary volume (liter/mole) at 25°C and 760 wwm ilg
31y = molccular welght

760 = ptandard pressurce (ma Hg)
298 standard temperature (°K)
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Nilte, Lo eof al, A Convenfent Opt dmteed Hothad for the
Analysln of Heleeted Solvent Vapory In the Induntrial
AMuosphere," dmev. Tod, Hyp, Assoe, ., 31 220 (1970).

Documentatlon of RIOSH Valldatfon Teats, RIOSH Contract
No. CLC~99-74~40,

Final Report, NIOSH Contract 11815-99-71-31, “Personal Sampler

Pump for Charcoal Tubes," September 15, 1972,
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Sampling Data Sheet Yo, 5379 &

Substance

Standard

Pentane

%

.

B~hour time-weighted average: 1000 ppw {2950 ma/cu n)

Reference: 29 CFR 1910,03

Analytical Method

A known volunme of air is drawn through a c¢harcoal tube to trap ths pone
tane vapors preseat.  The analvte is desorbed frem the chareoal with
carbon disulfide, and the sample is separated and analyzed using a gas
chromatograph with a flame ionization detector. The methed has been
validated over the range of 1476~6190 nr/ce m for a 2-liter sample at
24°C and 7¢9 cn Hp dtmoupnarlc tecperat re and pressure.

Sampling Equipment

A calibrated porsonal sampling pu:.
accurately, +35, over "he T ers por ninuce,

40 mesh activated

D
o
. ¥
il

A semple size of 2 liters dis recommended. Sample at a flow rate of .
0.05 liters par wminute or less

Sampline Procedure

1. Imrnediately before sampling, the ends of the tube should be broloen
s0 as to provide an opening approximately one-half the inrernal
diameter of the tube,

2. The smaller sectlon of charcoal is used as a back-up and should be
positioned nearest cthe sampling pump, The charcoal tube should be
placed in a wvertical position during sampling to avoid chanuneline
and subsequent premature breakthroupgh of the analyte,

3. Air being sampled should not be passed through any hosce or tubing
before entering the charcoal tube,

4., Set the flow ate 25 accurately as possible using the manufacturer's
directione,  Hecord the tesparature and prossure of the atsosphere
ampled. If he pressure raading is mot available, record the clava-
tion. If the pumo is a low flew rate peop, set the approximare {loe
rate and record tha inicfal and final counter readine. The samele
volume is obuainad by wultiplying the nunber of counter strokes tines
the cc/atroke factor,
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6.

Special
1,

2.

3.

4o

The chinreoal tuboa should be c.‘z':'wd with the supplined plastle eaps
frmestiataly arter sanpling.  Minzing cone fs the only suftable
gubatitere Jor nealing the tuuuu. Lnder no civeuzstances should
rubber caps b used,

so chavceal tube ghould be handled in the pame manner as the
sample tubes (break, aeal, and cransport), except  for the taking
of an alr sample,  This tube sinould pe labeled as a blank,

Cenaideration

bhere two or more compounds are known ovr auspectad to be present
in the rdr, such informavion, including theily suspecred identicies
should be transmitted with the sample,

Dua to the hirh resistonce of the charcoal tube, this sarpling
rethod placed a heavy load on the sampling pump., Thercfore, no
more than ten charcoal tube sampies should be taxken without fully
recharging the bartery.

If hinh huoidity or water nmist 48 presant, breakthrough volune
ean be severely reducad. If condensation of water occurs in the
tube, the substance will not be trapped quaactitatively.

The a*aorvtion efflciency of charceal variss from batch to batch,.

Therefore, all the tubes usad to cellect a set of sauplea should
contain charcoal from thae same bateh. Several unuzsed charconl
tubes should sccompany the samples. Inforrmation on the barch
nuober of the charcoal must be supplied,

Bulk Samples

A bul% sample of the suspected com
“lsboratory 1n = zlass contalne

h

pound anouid be aubmitted to the
t veflon-lined zap,  Labzl of

'
B

by a s £
the bulk aanple should match alry saomples for identiffcuation purposes.

Shipping Irstruscions

Capped charcoal tubes should be packod iohtly aad paddad baiorae
they arc shivpad to mindnize tube brearaye during ahipping., Never
transport, mail, or ship the bulk sampic in the aame contaiver as
the sarcple or blank tube.

Reference

Pentune, HI0SH Moethod Koo 5279
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Backup Dnta Bepore

Subatanees  Peptane

SHA Standards 2950 mefeu m

"Chemical used fer

validatlon: Pentance, MC/B Chrovatogquality
Procedure
The general procedure used is descerdhed dn NTOSH Methnd Yoo 8379

which has been adapred from PECAM 127, Demorprion efficicney tests
were done at 0.5, 1 and 2 times the 08HA standard by spiking with the
appropriate volune of pentane represcnted in a 2-liter aidr sarple.
The charcnal vsed was Lot 103 activatred coconut chnarcoal suppliod
by S8YC, Inc., Piershurgh, Pa. Bpiking and desorntion testo were

done in the 2-ml vials used with the Varion Model 8000 automatie

sample Injecror. Gas chromatograriice analvses were done with thisg
autosampler usipy nonane as internal stendard.  Details of the anal-
ysls procedures nay be found du the 3Jutyl Acetate 547 Bachup Data Report.
For pentane, the back-u» section of the charcoal tvbes was also de-
gorbed with 1.0 ol of carbon disuliide and analyvzed in the usual
manner. No evicence of pentane was found in the back-up sections of
all the samples collected.

Modification

Gene

There were no wmajor modifications of P&CAM 127,
ration

Test atmosphere sam pl at a concentration 2 times the O08BA standard
level were penccaved by delivering 603,101 my/oin of pontane via a
syrince Injicceter to a dry air stream rlowing at a rate of 0.0%735

cu n/min,  Thoe throe szzple ]jnea ware then taintained at dilution
ratlos of 0.2364, 00,4210 and 1.000 to produce the 005, 1 and 2X O8HA
standard test levels, All 6 saanes at the 3 test levels were col-
lected simultanecusly at 0.067 liters per nminvce for 30 minutes (2
liters), The data reperted are from thu second set of 13 camples
collected. The data for rhe filrst set of 18 samples goave a L“? of
0.040, but a low averanse vecovery - £6.8%, lote that for the sccond
set of samples, the penerator concentration wan deforaived not only
on the basin of the svringe deliverv rate and air flow as noted above,
but also b) sepsurdng the main line (28) hvdrecarion concentration
with a Becksman rodel 402 Hydyocarbon Analyrey properly calibrated
using ru'v" e sas staandards.  The peatane concenteation by the for-
mer methed is 60090 mp/cu m and agreces well with the total hydrocarbon
data - 6170 ug/cu .

Detalls of the sunple generatdion and cellecticn cgulpmoent may be found
in the Butyl Accvate $47 backup bata Report,
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foretkthivough

The Llrot
pentane vhen a
fo oly was
Break:
of analyte

goetion of
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ol rged
elnluent

€ rerin
¢ ey

X
throuph wou

in the

at

Precistun and Accuricy

Bartlett'y
the ODHA ot
data for

»
for

The
indicating that

at p (probed 1ity) loss
excellent precicion,
ficant error.

The statistical procedures

T, = 9.0141

The averaye recovery of the gencrated samples

the eharcoal tube wan
atuosphore
liters
thilas
w2l

homeooeneity of variances
sampling
in Reference

sanpling end analvsls data g
the hypothesis 01 equal varian
than 0.01.
Therefore
For this reason CVp is

used are described in

W,

18 wp of

iy

S R44

found to hold
50 nefeu o ool pent
minege for 16,5 minutes;
tive, d.e,, the concentraticnu
5% of chat fn the influent.

containing

nay

at 0.5%, 1X and 2%

aud analyasis woays applied to tha
YO 2.

rave g chl squared value of 15.05

ce may wve rejecred

The data for pentane show
nooling will not introduce signi-

calecuinted on the pooled dota.

Reforence 1.

= 0.0220 CVp = 0.0549

.

over all levels was

91.7 + £.0%

The uncertainty in this

value was computaed as

follows:

Vv (cv,

D)4+ (00N

X 100

Z Uncertainty =

where 0.07 is the uncertainty
value was deternined {roa the

References

4 {ucaver/lOG

in the generated concentration level,
acetate esturs in Set D,

1. Documentation of NIOSH Validotion Tes WIOSH Contract %o,
CDC—O“ Ta4~45
2, anLuw Tata Iuwor:, Propylene Oxide, No. §75, prepared wnder

NIORH Contr

ract CLC"‘JQ"]({”;‘).
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. Pata Shoeet: Pentance 6379

Analysis
“.
Level  0.58 o 1s ! 28
mg, mg m g, ng mg

added faund DE addaed {found DE addad found DE

2.983  2.898 0.972 5.97 5.60 0.938 11.81  11.70 0.991

2.983  2.897 0.971 5.97 5,76 0.965 11.81  11.45 0.970

2.983 |, 2.893 0.970 5.97 5,74 0.961 11.81  11.13  0.942

2.983  2.928  0.982 5.97 5.67 0.950 11.81  11.37  0.963
. 2.983  2.930 0.982 '5.97 5.62 0.941 11.81  11.35 0.961

2.983  2.923  0.980 5.97 5.85 0.980 | 11.81  11.30 0.957

n= 6 - 6 ' 6

mean 0.976 0.956 ' 0.964

std dev ~0.00574 © 0.0159 0.0162

cvy 0.00558 0.0167 0.0163

o 0.0141

1

—_ “n
CVA+DE 0.0152
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Daca Sheet: Toentane 8379
Sampling and Analysiy

Test loovel e e e e e Found =rmmowommme—— Taken
_0g Corr mg Litevs mp/eu m ma/eu n Reenvery
0.58 2,633  2.728 2.00 1364 1476
2.655 2.751 1.97 1396 1476
2.852  2.955 2.08 1421 1476
2,775  2.876 2.14 1344 1476
2.877 2.981 2.15 1387 1476
2.637  2.733 2,11 1295 1476
n= 6
mean 1369 92.8
std dev AN
v, 0.0325
15 5.39 5.59 2.03 2754 3040
5.39 5.59 2.00 2795 3040
5.09 5.28 2.00 2640 3040
5.13 5.32 1.94 2742 3040
5.28 5.47 1.97 2777 -~ 3040
5.24 5.43 1.97 2756 3040
ns= 6
mean 2744 90.3
std dev 54.3
cv, 0.0198
28 10.67 11.06 1.94 5700 6190
10.78  11.17 1.97 5670 6190
10.97  11.37 2.00 5690 6190
11.65 12.07 2.11 5720 61490
10.66 11.05 1.94 5700 6190
- 10.85  11.24 1.97 5710 6190
ns=2=6
mean 57G0 ' 92.1
std dev 17.22
cv, - 0.00302
2
cv, 0.0220
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. . Heplane

alyte: Heptane Method No.y 589

Matrin: Ay R Ranger 9684060 uwp/cu n
OSHA Standard: ‘500 pro (2000 mp/eu w) Precision (Wl) 0.056
Procedure! Adsorption on charcoal, Validatlion Date: 3/14775

desorption with carbon
disulfide, GC

1. Priunciple of the Method

1. 1 A known volume of alr 1a drawn through a charcoal tube teo trap
the organlic vopors present.

1.2 7The charccal dn the tube 1s trensferred to a small, stoppercd
sample contalner and the analyte io desorbed with carbon dicul-
fide. '

1.3 An aliquot of the desorbed sample 1a injected into a gas
chromatograph.

1.4 . The area of the resulting peak is m»u,rm.ncd and conoazcd wth

PR 4
. PGS
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Heptane

fMalyte: Heptang Method No,t 689
Hatvdn: At Ranges  968-4060 mp/cumnm
OSHA Standard: 500 ppm (2000 mp/eu w) Preciclon {Eﬁ}): 0.056
Procedure: Adsorption un eharcoal, alldation Date:  3/14/775
desorption with carbon
disulfide, GC
1. Pripeiple of the Method

1.1 A bknown velvme of alr is drawa through a charcoal tube to trap
the organic vapors present,

1.2 The charcoal in the tube ds trans{nrred to a small, stoppered
sample contulner and the analyte 4 desorbed with carbon disul—~
fide,

1.3 /n aliquot of the desorbed sample is injected into a gas
chromatopraph.

1.4 The area of the resulting peak 1Is determinad and compared with
arcas obtained from injection of standaxds.

2. Range and Sensitivity

2.1 7Fhis methed was valddated over the range of 968-40060 wmp/eu w at

an atmospheric temperature and prescurce of 24°C and 748 mm Hy,
sing a 4 liter sample.  Under the conditions of sample size

(4 Ydters) the proboble useful range of this method is 200-6000
mp/eu moat a detector sencltivity that gives ncarly full de-
flectdon on the strlp chart recorder for a 24 mp sample. This
wethiod 16, capable of measurlug much swaller anmounts 1 Lhe de-
sorption c¢f ficlency 15 adequate. Desorption efficicney must
be determined over the range used,

2.2 The upper Mudt of the range of the method ds depondent on the
adunorptive cnpuaclty of the charcoal tube. This capaedty varies
with the concentratdons of analyte and other substances in the
atyr, The flrst seetion of the charcoal tube was found te hold
24,7 wg of analyteo when a test atwosphere contaluing 4060 mp/cu m
of analyte in adr was sampled at 0,39 Uters per minute for 32
minuten) breakthroush wvas obrerved at this tiwe, dl.e¢., the
concentration of malyte In the offlueat wvas 5% of that iIn the
influenc,
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(The chareoal tuboe conntetn of two sectionn of activated ehare
coul separated by n opectdon of arethane foam,  Soee Section 6.34),
11 o particulor atnonphere 1o nunpeeted of contafning o Yorge
anount of contaminant, a smaller sampling voluse phould be
talen, e

3, Interferenee o

3.1 When the anmount of water In the alr ds ro preat that condenun~
tion actually occurs Ju the tube; orpanic vapors will uet be
trapped el ficiently. Preldfminary cxperfuents uning toluene
indicate that high humidity geverely doeveases the breakthrouph
volune, .

MRS M ea el s eeEitim MR €0 s e Mo e se s em e a R e m mxtah mme 3 hemeAcane mro o o e st o

23.2 When two or morce compounds are known or suspected to he present
--- -+ - 4in the air, such Information, including their suspected iden-
titien, uhoulc be transmitted with the sample,

3.3 It wust be eaphasized that any compound which has the aame
retentdon time as the analyte at the oparating conditions de-~

* seribed in this method 1s an Interference,  Retention time data
on a single column cannot be considered as preoof-of chemical
“ddenticy.

3.4 If the possibility of interference erists, separation conditions
© (columa pacling, temperature, etc.) must be changed to circun-
vent tiie problem,

4. Preocision and Accuracy

&1 The Coofficient of Variation (Eﬁy) for the total analytieal and
sampling method 4n the range of 968-4000 mg/cu n was 0,056,
This value corvespouds to a 112 wg/cu m standard deviation at the
OSHA standard level., SBtatistical dnformation and details of the
validaticen mmd experimental test procedures con be found in
Reference 11.2.

4,2 On the average the values obtained nsing the overall sampling and
©analytleal method were 6,57 lower than the "true' value at
Cthe 0SHA standard level. o C C

- These data are based on validation (xuoliwcut‘ using the in-
ternal standard method. )

5. Advantagen and Disadvantapes of the Method BRI RIS

5.1 The pampling device s smnll, portable, and fnvelvea no liquids,
Interferences are minimal, and most of thone which do occur
can be elininated by altering cliromacographic condittons,  The
tubes are analyzed by means of a quick, iastrumental method,
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6.

ro
5.2

The vethed con alon be vocd for the wlmiltnneoans annlyedin of
tvo or vore puhntoneen un!:ln'r'lr'd to he Mreeent iy the pame
aerole by alnpdy chanpdng pan clvomatopraphic cond{tTonn from
Jnotheyend to o Lesperaturespropraumed node of operation,

One ddoadwintape of the methoed fo that the wmeount of pample
which can be taken 4 Mofted by the vunber of i1l fprama thae
the tube will hold before overleading., Vhen the saaple vnlue
obtasued for the backap acctlion of the charceasl tube excecdn
25% of that found on the front section, the posnibility of
gruple loso existn, '
Furthermove, the precinion of the method in lduwited by the
reproducihilicy of the presnure drop acrons the tuben, Thia
drop wlll affect the flow rate and caune the volunme to be
irprecise, beceuse the pump 1o upuslly callbrated for one tube
only.

Apparetun

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.0

4 calibreted pevsonal nampling pump whone flow cen be deter-
omined with/n 357 &t the recomuwended {low rate.
{(Reference 11.3),

Charcoel tubee: glass tube with both ends {lame sceled, 7 cm
Iong with o G-uan 0D, and a 4= I.D,, containing 2 scetiono
of 20/40 mesh activated chareoal aeparated by a 2-mm portion

.of urethone foam, The activated charcoal 1s prepared from

coconut shelle and do fired st 600°C prior to packing. The
abroybing section contains 100 mg of charceal,, the backup see=-
tion 50 wup. A 3-mm portion of uvethane {foom 46 placed betveen
the outlet end of the tube and the backup section. A plup of
silylated glose wool 1o placed In front of the absorbing rece~
tion, The pressure drop across the tube must be lesn than one
inch of marcury at o flow rvate of 1 liter por minute.

Geo chrouatopgraph ecquipped with a flame dondizatdion detector.

Column (10-{t % 1/8-1in stainlegs steel) packed wich 107 OvV-101
on 100/120 nesh Supcleoport.

An clectreonic dntegretor or some other suitable method for
measuring peak arenc.

Teo-1illiliter nample comtainers with plang stoppers or
Teflon=-3ined capo.  I{ an automatic sample dnjector in uoed,
the assocdated vinle may be uscd.

Mieroldter syringen: 10-microlitcer, and other convenicent sizea
for waking standarda,

Pipets: 1.0 ml type graduveced in 0,1l-ml dncroemento. .
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7.

8.

6.9 Volopetrle flastka: 100ml or convenlent plzeos for making
ntanderd solutfong,

Fenpontl

7.1 Chromatopraphic quallty carbon dlipulf Lde,

1.2 ch!uuv,rvng@nt prade

7.3 Lowmeyor other sultable Interual standard

7.4 Twrdficd hellun

7.5 Prepurificd hydropen,

7.6 TFiltered compressed air,

Procedure,

8.1 Cleaniug of equipnment. ALl glasewere used for the laboratory
malyats should he detergent varhed and thorouglily rinsed with
tap water and diestilled vater,

6.2 Calibration of Personal Puumpn, Easch persoannl pump nugt be
calibrated with a representative charcoal tube in the line,

Thio will nminiwize crrors associated with uncertainties in
the sawple volune collected.

‘8,3 Collection and Shipping of Sanples

8.3.1 Temedistely before sampling, break the ends of the tube
to provide an opening at least ene~half the fnternal
diameter of the tuvbe (2 nm),

8.3,2 The smaller scctien of charconl is used as a back-up
and chould be positioned neuvest the smeplling punp.

8.3.3 7The charcoal tube should be ploced $n a vertical dirce-
¢ tion during sanpling to minimize channeliug through the
charceoal.

B.3.4 Aly belfng sawpled should not be passed through any hese
or tubing bhefore entering the charcoal tube,

8,3.5 A wmaxtumom sanple size of 4 ({ters s recommended.  Samp’o
‘ at o rate of 0,2 Tigter per adnate oy lenn, The {low rate
should be known with an accaracy of at least 5%,

8.3.6 The temperature and presasure of the atmoespherve belng

sampled should be reecovded,  If pressove veading s nof
avallable, rvecord the elevetion,
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8.3.0

8,3.10

The charcoal tuben shonld be eapped with the supplfed
plastic enpn Jeardiately after muupling., Under na
cirousntancen should rublbier capn be uned,

One tube shoutd Le handbed fu the pame nanner an Lhe
gaple tube (hreal ) seal, and transport), except that
no olr e pawpled throuph this tube,  Thin tube should
be Yabeled ap oo blank.

Capped eharcouad tuben chould be packed tiphtly and pad-
ded befove they are shipped to mininfce tube brealage
during shippiug.

A souple of the bulk materinl should be subnmitted to the
laboratory In a gplass contadner with a Teflen-lined cap.
Thio uasple should net be tranasported in the sane container
as the charconl tubes.

8.4 Anulyuvis of Semples

B.4.1

B.4.2

8.4.3

Preparation of Samples., In prepuration for analynis,
each charcoal tube Jg secoved witm a file in front of
the first scetdon of charcool and brolun open, The

cglavs wool 1 vemoved and discor Jeds The charcoal in

the fivet (larger) section is transferred to a 2-ml
stoppered gample container, The separating scction of
foanm 3o removed and discarded; tne second seetion is
trensferred to another stoppered container. These

two sectlons arce analyzed sepavately.

Devorptlion of Samplen,  Prior to ennlysis, 1.0 nl of

carben disulllde ia pipetied dnto cnch sample container,
{All wort with carbon disulfide should be performaed dn

a hood boecouse of dts high tonleity.) Desorption should
be dore fov 30 ninutes,  Teate Indicate that thie ds ade-
quate if the sample 45 apitoted oceagionadly during thiu
perdod.  Tf an auteentic sawple Injector fg used, the
gunple vials should be capped as suon as the solvent ig
added to minisize volatildezation, For the duternal otan-
dard wmethod, decovh uning 1.0 ml of carben disuliide con-
taining a hknown amount of the chosen internal standoard,

GC Condltdonn.  The typieal opevating conditious for
the gaus chromatograph arve:

1. 30 ml/nin (60 psip) Heldlum carriey pun flow

2. 35 ml/win (25 pnig) Hydropen gas flow to detector
3. 400 wl/ndn (6O psig) Alr {low Lo detector

4, 225°C Injector Loewperature

5. 2:0°C manifold tenperature (letector)

6, £0°C column temperaturce
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8,4.4 Jn_]w'lk {un,

The fdrst step dn the analysln fu the Injec-
tion of the soople ot the pas chvomatopraph, To o]t
mdnate dEtr ooty bes doindage from Llaw back ar dlat DV at fan
withion Che syvvdonpe necdley one should caploy the solvent
flosh Jonfectton teehndgues The 10-wdevolfter oy fngae £
flvst fluched vith volvent several times Lo wet the baorrel
and plungere Three wicrol{tern of snolvent ave dviavn {nto
the syringe to fncrcane the accoracy and reproducihl ity
of thie Injected sanple volume,  The needle s vennvaed

from the colvent, and the plunper dn pulled back about

0.2 wicvollter to separate the solvent {Jush fron the
cample with a pocket of aiv Lo be uned as a marker.  The
needle is then Jvmersed In the sample, and o S-ulcroliter
aliguot ds withdraws, taking fnto consideration the volune
of the needle, asince the saaple dn the needle wl1) be
completely Injecteds  After the acedle is removed from

the saaple and prior to injection, the plunpger {s pulled
back 1.2 microliters to winimlece evaporation of the sample
frow the tip of the needle,  Observe that Lhe sasple
occvples 4,9-5,0 microliters in the bavrel of the syringe,
Duplicate Injections of caclh sauple and standard should

be aszde. No wmore than « 37 diffevence in area Is to

be expected.  An autonmatic sample injentor can be used

1f 3t 38 shown to give reproducibility at least as pood

as the solvent {Jush technique.

Mcasurement of area. The area of the sample peak 1s meas-
ured by an clectronic Integrator or sone other suitable

foim of arca neasurcment, and preliminary results ave reoad
from a standavd curve prepared as discussed below

voe

Determination of Desorption Efficiency )

limportance of determlnation,  The desorption efficiency of o
particular compound can vary from one laboratory to another
and alsoe fyrow ouc batceh of charcoal to anoth ~o  Thus, it 1s
necessary to determdne at least once the percentage of the
specific conpound that ds removed o the desorption process,
provided the souwe bateh of charcoal dg used.

.

Procedure for deternining desovption officiceney.  Activ-
ated charconl cquivalent to the amount In the fivrst sce-
tion of the sampldng tube Q00 we) {s measured Into a
Zeb dn, - LoD, glass tube, flame scaled at one end.
This charceal must be from the same bateh as that used
in ebtodning the samples and con be obtaived from unused
charcoal tubes.  The open end ds capped with Parafila,

A Fonovn awount of the aualyte ds Injected dlrectly into
the activated charcoal with a microditer syringe, and
the tube 1s capped with wmore PMarvafilm.  Vhen uslng an

au omate sauple Injector, the sample fufector vials,
capped with Teflon~-faced septa, may be used fn place of
the glass tubes,

£89-6



http:LI'I:('.II
http:111'1,.11

S tuben ot ocndh ol threo SOX R and
2% of the piaadard) mve prepn - UHe ol e
Iyte coudvadenlt to that ;\It'w(”il 4 i(i»‘ﬂ Pl at the
aedected Yevel,  The vubeniapo .xl]mu'ﬁl (o tmd 167 at leant
everndoht to pusure corplete adsorption’ of the .tnfilyf.v onto
the charcond,  There tubes are referred tooas the sanples,

A parallel LIank tube sheoold be treaved In the same moanney
except that no sample s added to fte The sawple and bhlank
tubes pro descibed aud annlyzad in exactly the same manuer
as the campline tube deocribed in Scetion 8.4,

haag

Two or three standards ave prepaved by dnjecting the sawme
volviae of conpovnd into 1.0 ml of carbon disulfdde with the
same syriuage used In the pr opmal_icn of the samples These
are analyzed with the gauples,

1f the intcerunl standard method is uwszd, prepere calibration
sltandards by veing 1.0 ml of carben disulfide containing a
known amount of the internal standard,

The desorption efficiency (U.E.) cquals the average weight
in mg recovered from the tube divided by the welght in mg
added to the tube, or

D.E, = Averape Veipght (mp) vecovered
Weipht (mg) added
. The desorption cificiency s dependent en the amount of
analyte collected on the charcoul. Plot the desorption
efficiency versus wedght of analyte found. This curve
is used in Section 10.4 to correet for adsorplion lossces.

Calibratien and Standards

It is convendent Lo express concentration of standards in terms of
“mg per 1.0 1l carbon disulflde, because gamplos are desovbed in this
amount of carbon disulffde, The density of the analyte ig usced to
convert ty Inte wieroliters Lor eany weasurcmeant with a mlicroliter
syriuge, A sevies of standavde, varving in concentration over the
ranie of Interest, is preparced and analyzed under the sane € condi-
tions and cdurdng’the same time period as the uninown sample.  Curves
are cstablished by plotting concentration in wp per 1.0 wml versus
peak arca.

For the internal standard method, use cavbon ddsulfide contalning a
predetermived amount of the dnternal standard, The dnternal standaxd
concentration used was approxnimately 707 of the concentration at 2X
the standard. izo analyte concentration in mp per ml is plotted
versus the arvea ratio of the analyte to that of the internal standard.
Hote:  Whether the externsl standard or deteraal standavrd methed is
used, standard gelutions should be ennlyzed at the same time the
soople annlyeis {u done. Thio will minimize the effect of variations
in FID vecponoe,
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1,

10.1

10.2

10.3

10.4

10.5

10.6

Caleulat dous : PR

Fead the welpht, In myg, corvesponding to cach peak arca fron
the standard enrve, No voluwe corrvections are needed, beeouse
the vtandnvd cuwve 1o based on omp per 1.0 w1 carbon dizulf fde
and the voluwe of sample Injected i fdentical to the volowe
of the standavdys Jolectwd,

Corrcctions for the blank saust be wmade {or each sample,
mg = my sample - wmg Llank
wheres

mg sewple = np found in front scetion of sample tube
g blank = ug found in front scetion of blank tube

A similar procedure is followed for the backup sections,

Add the amounts present in the sront and bachup sections of
the sane sample tube to determine the total weight in the
sample.

ead the desorption efficicney Jrom the curve (sce Seetion 8.5.2)
for the amount found in the frout section, Divide the total welght
by this desorption efficicency to obtain the corrected mi/sample.

Corrected mg/sample = Jotal weipht
D.E.
The concentration of the analyte in the air sampled can be ex-
pressed in mg per cu o,
Corvectad my (Section 10.4) x 1000 (Liters/cu m)

wg/ev m = T Alr Volune Sampi&d (liters)

Another method of expressing concentration is ppu (corrected
to standard conditfons of 25°C and 760 mw Hg).

b4 T 4
24,45 760 (T + 273)

A9

ppm = mpfeu o x

MW P 298
where:
r = pressure (mm Hp) of air sampled
T = temperature (°C) of alr sampled

24.45 = wolay volume (llter/mole) at 25°C and 760 mm Hg

KW = molecular welpht
760 = standard pressurve (ua Hg)
298 = standmd tewperature (°1)
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Wilte, Lo et al, "A (I(n{l‘{'i*iq'I‘(:m:,f();ah fuifzed Hethod for the
Avzlynts of Selected Bolvent Vopora dn the Tnduntrial

Atnasphere," foaer, Tede Mg, Ausoc, T, 310 225 (1970).

Poctimtatdon of RIOSH Validatlon Tentn, R1031H Contract
Hoe CRE-89=74-40,

Pinal Report, WIOSH Coutract USH-99-71~31, "Personal Sawpler
Pump fov Chaveeal Tubes,"™ September 15, 1972,
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Sampling Daty Sheet No,$89

Substance
Heptane
Standard
8~hour time-weighted averape; 3500 ppm (2000 mp/cu m})
Reference: 29 CFR 1910.93
Analytical Method
A known volume of air is drawn through a charceal tube to trap the

heptane vapors present. analyte is desorbed from the charcoal
with carbon dig vl‘;du, an ¢ sample is separvated and analyzed using

A

LT thor O

h
ia ion detecter. The method has

e of 368-&060 wa/cu m for a 4 liter sample
hevic temperature and pressure.

o o

ot
I Oa O
jos]
o]
B
3 L
~
peod
07 e
pr
=]
[
£
c-::1

A calibrated personal sampling pumo whose [low can be determined
accurately, 457, over the vange 0.05 to 0.2 liters per ninute,
plus charceazi tube containing two sections of 20/40 wesh activated
charceal separated by a 2-mm portion of urethone foam

A seople size of 4 liters is recommended. Sample at a flow rate of
0.2 liters per ninute or less.

Sampling Procedure

1. Jozedlately before sawpline, the ends of the tube sihwuld be broken
80 as to provide an opening approximately one-half the ;1tgxnal
diamerer of the tebe. )

2. The smaller section of charceal 1s used as a back-up and =zhould be
positioned nearest the sanpling pump. The charceal tube should be
placed in a vertical position during sampling to avoid channeling
and suhsequent premature brcakl%*ougn of the analyte,

3. Alr being sampled should not be passed through any hoze or tubing
before entering the charcoal tube.

4., Set the flow rate as acecurately as possible usiag the manufacturer's
diruections, Record the temperature and pressure of the atmosphare
sampled.  I7 the pressure rvﬁd‘n* i5 not available, record the eleva-
tion., I{ the pump 48 a2 low Llow rate ypump, set the approxinate [lou
rate and record the infcoial and final counter rending. The sannple
volume is o\tnined by multiplying the nuzber of counter strokes times
the ce/atroke factor.,
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5. The chiareenl tubes shondd be capped with thi nuppliad plascic caps
frzsendlntely alter puopling, Manking rape Lo the only sulsable
pubiitdvure for senling the tuben. Under no cirvcusatances unouwld
rubbey capo be uged,

6. Oue charcorl tube should be hondled {n the same wmanner ag the
gample tubes (break, ascal, and transpori), ezcept for tpe texiag
of i air sumple. This tube should be labeled as a blank.

Special Counsideration

1. Where two or more compounds are known or sunpected to be present
in the ajfr, such hnformation, dncluding thelr suspecred fdentitios
ghould be tronsmitied with the sanpla.

2. Due to thﬂ high resistance of tha clarcoal tube, thin sampling
method placed a heavy load on the sum'} pump, Therefore, no
more than ten charcoal tube samples si be taken without fully
recharging the battery,

3. If high humidity or water mist iag present, breakthroush voluzs
: can be severely raoduced. If condensacion of water occurs in the
tube, the gubatance will not be trapped quantitstively.

&4, The desorption efficiency of zhorcoal vardies from batch to batch.
: Therefore, 8ll the tubes used to coliect a set of samples should
contain charcoal frcm the same batch. Seveval unused charcoal
tubes ghould acconpany the samples. Informution on the batch
nurber of tha charcozl nust be supplied.

Bulk Sanples
uld be subnitted to the

o
lon~linsd cap. Lubel of
or identifdcation purposes,

A bulk sarple of the suspected compound sh
laboratory in a glass contalner with a Tef
the bulk semple should wmatch eair uamvxLﬂ b3

Shipping Instructions
Capped charceal tubes should be packed tightly and padded before
they are shipped to mindnlze tube breakage during shipping. Hever
transport, wall, or ship the bulk sapple in the same container as
the sazple or blunk tube. )

Reference

Heptaone, NIOSH Mothod Ho.539
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Backup Data Report

Substancer  Huptane
05SHA Strndard:: 2000 mr/cu o

Chendcal vued for
validation: Heptane, Fisher Cevtificd

Procedure

The general procadove used is deseribed in NIOSH Method No. S89

which has been adepted from P&CAM 127. Desorption efficiency toests
vere dona at 0.5, 1 and 2 times the O03HA stoodard by spiking with the
apprepriate volume of heptane represcuted jre a 4 liter air sampia,
The charcocl uvsed waz Lot 105 zetivated coconut charceal susplied by
8XC, Inc., Pittsburgh, Pa. Spiklng and desorprion tests were done

in the 2 nl vials used with the Varian Modeld 8000 autovaric sample
injector. Gas chrooatographic analyvses vere done with this auto-
sampler using acnsne as internal standard. Detadls of the analysis
procedures may be found in the Butyl Aceta:ce S47 Backup Data Report.

Modification
There were no nodifications of PECAM 127.
Ceneration

Test atcocphere samples at a concentration 2 times the OSHA standard
level were genar QYFd by delivering 408 ng/nmin of Leutaone via a
syriuge injector fo a dry ailr stream rlowing at a rate of 0.1005

cu m/mis. The three u.bulc linas were then maintained an dilution
ratios ol 0.2364, 0.4%16 cnd 1.000 to produce the 0.5, 1 and 2¥ 0O5HA
standard st levels. All 6 samples at the 3 test lovels were col-
lected simultaneously ar 0.22 liters per minute for 18 wminutes (4
liters). Derzils of the sample generation and collection cquipuent
may be found in the Butyl Acetate 547 Backup Data Report,

Breakthreugh .

The first scction of the charcoal tube was found to hold 24.7 ng of

heptane when a test atmosphere contalining 4060 wg/cu = of heprane

in ailr was sampled ar 0.19 liters per amipute Yor 32 minutes; break=-

through wos observed ar this time, i.c,, congcentration of analyte in
the effluent was 54 of that in the influent,
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Precioion aad Accuracy

Partleve's tent for honopenefyy of varlonces an 0,353, ’X, and 2%
the 0ZHEA standard Fov sampllng and analysis was applicd te the dota
for heptane 28 in Ralerence No, 2.

by
“*

The ,a.p] ing and analysis date gave a el squared value of 9,92
indleating that the hypothosis of equal veriance may be rejectoed
at p (p robabilicy) lens than 0.01.  The data for heptane sheow
excellent preclislon. Thercfore pooling will nos introduce
gignificant error. For this recason CcT is caleuluted on the pooled

data.

The statistical procedures wvsed are described in Reference 1.

o ~ 0.0161 TV
cvy cv,

The average recovery of the generated samples over all levels wvas

]

0.0233 Eﬁ& = 0.0556

93.5 + 7.9%

The uncertainty in this value was computed as follous:

' e V2 + (6.6H2 x_ 100
% Uncerizinty = % Recovery/100

where 0.07 is the uncertainty in the generated concentration level. This

value vas determined from the acetate esters in Set D,
Refercences

1. Docuzentation of NIOSH Validation Tests, NIOSH Contract Ho.
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2. Backup Data Report, Propylerne Oxide, No. 8§75, prepared under NIOSH
Contract CDC-99-74~45,
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Data Sheets mme;m9s’“”

foalyals
%

Level 0.538 15
ng ng ng mz mg mg
added found DE addoed found DE added fonnd DE
4.08 4.03 0.988 8.13 8.12 0.996 16.31 15.66 3.860
4.08 3.93 0.963 B.15 7.86 0.964 16.31 15.60 0.956
4.08 3.90 0.956 8.15 7.76 0.952 _16.31 15.47 0.948
4,08 3.83 0.939 8.15 . 7.76 0.952 16.31 15.54 0.953
4.08 * * 8.15 7.65 0.939 16,31 15.55 0.953
4.08 3.87 0.949 8.15 7.80 0.957 16.31 15.51 0.951
n = 3 6 6
nean 0.959 0.960 0.934
std dev 0.0185 0.0194 0.0041%
CVl 0.0193 0.0203 0.00423

CV1 0.0161

CVA+5§ 0.0174

*
Lost Suample
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Data Sheet: Heptane 569
Samplivg and Analysis

Test level  eemeemee—e Foungd wrrmemmmmmmemo. Tulen
) wy . Corr mp  Liters mpfeu n ne/ecu n Reenver:
0.55 3.53 3.68 4.09 900 968
3.36 3.51 4.09 £58 968
3.53 3.68 4,09 900 968
3.54 3.70 4.00 943 968
3.26 3.40 4.09 831 968
3.56 3.72 4.09 510 968
n=2©6
- mean 884 91.3
std dev 32.0
CV2 0.0362
18 7.40 7.72 4.09 1888 1996
. 7.20 7.52 4.05 1857 1996
7.21 7.53 4.02 1873 1986
7.45 7.78 4,16 1870 1986
) 7.32 7.64 4,11 1859 1996
7.21 7.53 4.07 1850 1954
n=6
mean 1866 93.5
std dev 13.67 .
cv 0.00733
2
28 15.53 16.21 4,22 3840 4060
15.63 16.32 4.11 3870 4060
15.38 16.05 4.11 3905 4060
15.29 15.9% 4.09 3002 4060
15.41 16.09 .25 3786 4060
15.32 15.59 4.11 3891 4060
n=26
mean 3882 95.6
std dov 62.8 ,
ooy, 0.0162
2
Eﬁz 0.0233
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Octiwe
fnalytoed Octane Method No.o: $378
Matrin: Adx ' ‘ Range: 1050 - 4402 wp/eu n
OsHA-Standard: 500 ppn (2350 ng/ecu m Procision (EV&): 0.060
Procedures Ads ozpt;on on charcoal, Valldation bate: 3/14/75

desorption with crrbon
di :ul,. ide, GC

1. Principle of the Mothod

1.1 A known volume of ailr ds drawn through a ciharcoal tube to trap
the organic vapors present,

1.2 The tharcoal in the tube is transferred to a small, stoppered
sample container and the analyte is desorbed with coarbon disul-
flde.

1.3 4n aliquot of the desorbed sample Ls .Injr(tcd into a gas
chronatograph.

1.4 The area of the resnlidine n,mn": e f]nftv:\{nr.u—! ')V\J f‘(\nﬂ arnd i ph
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Octane

o ey e PR TR T e e A R s e im0 [e—

hnalytes Outane Method No.: 8378

Matrlat Ay : Range: 1050 ~ 4403 wp/en m
osith Standards 500 ppm (2350 ppfen m Precision (E?T): 0,060
Procedure: Adsorotion en charconl, Validation Date: 3/14/75%

desorption vith carbon
disulfide, GC

Principle of the MHothed

1.1 A kuown volume of aly ds drawvn through a charceal tube to trap
the orpganic vapors present,

1.2 7The charcoal dn the tube is transferred o a small, stoppered
sample container and the analyte 1lg deeoraed with carbon disul-
fid(‘-"t

1.3 An aliquot of the desorbed sample 1s injezted into a gas
chromatograph. '

1.4 The area of the resulting peak Is determined and compared with
arcas obtained from injectien of standavds.

Range and Sensitivity
- i 1 St S o el < & st Bt -

2.1 This wmethod was valldated over the range of 1050 - 4403 mefeu w
at an atzosphovie tesmperature and prossure of 20°C and 758 wm g,
using a 4-1liter sarple.  Under the conditions of sample slze (4
YTiters), the probable useful range of this wethad 1s 235 - 7050
mp/eu moat a detector sensitdvicy that gives wnearly full de-
flection onthe stydp chart recorder for a 28 mg sample. This
method ds capable of measuring nuch spalloer amounts 1f the de-
sorption ¢fflciency 1s adequate. Desorption efficlency must be
determined over the range used,

2.2 The upper Modt of the range of the wethod Is dependent on the
adsorptive cayacdty of the charcoal tube. This capacity varies
with the concentrations of analyte and other substances o the
alr. The fir- L scetlon of the charcoal tube was found to hold
30 mpy of analwte when a test atmosphere contabnlug 4612 ngfeu m
of analyte in air was sampled at 0,19 Yiters per minute for 34
minutes; breathrouph was obuerved at this time, i.e,, the con-
centration of analyte In the effluent was 37 of that in the In-
flucnt, <
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(The charcon) tube coundintn of Lvwo nections of activated char-
coal separated by o snectton of urethane foam,  See Section 6.2).
If o partdeular atuoaphere da nuspected of contadning a Jarpe
ameunt. of contamlnant, o swaller campling velume should be
taken.

3. Interference

3.1

.3‘2

4: -3.4

hen the aimcunt of water in the adr ds so great that condensna-—
tion actually occurs in the tube, orpgunic vapors will not be
trapped oefficdently. Preliminary cxperiuments using toluene
indicate that hilgh humidity severely deereasces the brealithrough
volunme,

When two or wore compounds are known or suspected to be present
in the air, such information, including thelr suspected iden-
tities, should be transmitted with the sauwple.

It must be emphasized that any compound which has the sance
retention time as the analyte at the operating conditions de-
scribed in this method 1s an interfcerence.  Retention tise data
on a single column cannot be considered as proof of chamical
identity.

If the possibility of interference exists, scparation conditlons
{column pachking, tewmperature, etc.) must be changed to circun-
vent the problem,

4, Precision and Accuracy

4.1

The Cocf{ficicent of Vardiation (EK%J for the total analytilcal and
sampling wethod dn the range of 1050 - 4403 np/cu m vas 0.060.
This value corresponds to a 141 ng/eu w standard deviation at
the 0844 standard level., Statdstdcal inforeatvion and details
of the validation and experimental test procedures can be found
in Leference 1.2,

On the average the values obtuined using the overall sampling
and mnalytical methed were 5,27 lower than the "true" value at
the 05HA ctandavd level.

These data are based on valldation experiments using the in-
ternal standard method,

5. hd§nntngvﬁ and Disadvantages of the Method

5.1 The sampling device is small, portable, and iuvolves no liquids,

ITnter{cerences arce windmal, and most of thosce which do occur
cun be climinated by altering chranatographic conditiona, The
tubes ave analyzoed by means of a quicl, dpstrumental method.

§378-2
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6.

5.2

The 1ethod can &loo he ueed for the sfmulpanconn analynin of
tvo oo pare pubotances cuspectoed to be present dn the uome
waaple by wicply changfun poan chronntopraphile conditfons fron
foothermal Lo o tewpevature-programued nmade of eprration,

One dinadventepe of the wvethod 18 that the amount of ameple
wviideh can Le tadtien fo Jdwited by the nunbey of milligramn that
the tube vill hold before overloeding., When the sample value
obtained for the bachkup cectdon off the charcoul tube exceedn
257 of that found on the {ront ecction, the ponuibility of
gauple loss ewiota,

Furthermore, the precision of the ucthod io limited by the
reproducibility of the presnure drop acvonn the tubes, Thio
drop w111 affect the flow rate end causce the volume to be
fnpreeiee, because the pump 1o usually calidbrated for onc tube
only,

Apperntus

6.1

6.2

6.3
6.4

6.5

6.6

6.7

6.8

A celibreted personal sempling pump whon2 {low can be deter-
mined within #5% at the recommended 1w rete.
(Reference 11.,3).

Charcoel tuben: gleego tube with both ends flame sealed, 7 cm
Yong with o 6-pm 0,0, and a 4-win I,D,, containing 2 cections
of 20/40 neeh ectivated charcoal separvated by a 2-umm portion
of uvcthene foam. The ecctivated chzovcoal ds proparved from
cocoenut sheils nnd iz fired at 600°C prior to paclking. The
abrorbing section contains 100 my of chaveoal, the baclup sec-
tlon 50 my, A 3= porticon of urethone foaw in placed between
the cutlet end of the tube and the backup section. A plug of
eilylated gleoes wool dn placed in front of the abeorbilang eec-
tion, The prescure drop acvoss the tube wust be leosa than one
inel of woveury at a flow rvute of 1 liter per minute.

Gen chroumetopraph equipped with a flame fonization detector,

Column (20-f1 » 1/86-1n stainless steel) packed with 10% FFAP
on B0O/100 meuh Chrvomosork W AW-DHCS.

An electronic Intepratoy or nome other ourtable method for
measuring peak areas, :

Two-uilliliter sample containera with pglasn rtoppers or
Teflon-1ined capn. If en autowmatic svample injector 1s used,
the ansaciated vials may be used,

Microliter ayvinpen: 10-microliter, and sther convenicut sizen
for making stmudaxds. '

Pipetn: 1.0 wl type graduasted 1n 0,l-wl increments,
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7.

8.

6,9 Volumcetrle flasko: J0-w) or convenlent sdzes {ov waliing
standard solutions,

Leapinin

7.1 Chromatopgyraphie quallity carbon disulfide,

7.2 Octone, yeapent grade

-

7.3 Nonune, or other sultable Internal staadard -

7.4 Purificd heliom

7.5 Prepurified hydropen.

7.6 Filltercd compregsed air,

Irocedure

8.1 Cleening of equipment. All glassware used for the laboratory
analyels should be detergent washed and thoroughly rinsed with
tap vater end distilled water,

B.2 Calibration of Pergonal Pumps. Each personal pump must be
calibrated with a yeprescentative charcoal tube in the line,
This will ninlmize ervors assoclated with uncevtaintics in
the gample volume collected.

8,3 Collection and Shipping of Samples

8.3.1 Immedlately before sumplivg, break the cnds of the tube
to provide an opendng at least one~hulf the donternal
diamcter of the tube (2 wn).

B.3.2 The smaller section of charcoal 15 used as a back-up
and should be positioned nearest the sampling pump,

8,3.3 The charcoal tube should be placed in a vertical diree-
tion during sompling to mindmirze chameling through the
charcoal,

8.3.4 AMr being sampled should not be passed through any hose
cr tubing before entering the charcoal tube,

8,3.5 A muximun sauwple size of & liters io vecommended.  Samplc
at a rate of 0.2 liver per minute or leas. The {low rate
should be known with an asccuracy of at leant 5%,

8.3.6 <“he tewperature and pressure of the atwosphoere being

gapled should be recorded.  1f presoure reading is not
avallable, vecord the clevation.
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8.4

8.3.7

B.3.8

8.3.9

8.3.10

The charcoal tuben ghould Le eppped with the nupplied
plantic copn feowedlotely ofter aempliug,  Under no
civcvnntances chould rubber capn be unced,

One tube shovld be handled #n0 the game manner an the
sunple tube (brealy seasl, and transport), execcept that
no aly Lo sowpled through thin tube.  This tube whould
be lobeled o oa blandk,

Ceprped charcoal tubes should bo packed tightly and pad-
ded befove they are shipped to winimize tube lxr(una.:bx-
during shipping,

A nample of the bulk material should be submitted to the
labovatory in a glass container with a Teflon~lined cap.

" This gample nbould not be trancvported fn the some contalner

an the charcoeoal tubes.

Analysis of Sanples

8.4.1

8.4.2

8.4,3

Prepuretion of Samples. In preparation for annlysis,
vach charconl tule 1is gcorzd with a file din f{ront of
vhe first section of charcoal and broken oyon. The
glaass wool Ip ronoved ond discarded. The charcoal in
the first (Jarger) scction is transferved to o 2-ml
stoppered sample container The ceparating scction of
foum 3u rewvoved and discar d(d the sceond section is
tranaferred to another stoppered container. These

two cectlong are analyzed peparately.,

besorption of Samples. TPrior to analysis, 1.0 ml of
carbonr disulfide is pipetted into cach cample container,
(4L1 work with carbon disulfide should be performed in

a hood because of ite high toxmicity.) Dbesorpiien should
be done for 30 nminutcesn, Tests indicate that this {5 ade-~
quete 1f the sample is apdtated oceasionally dvrdng this
pericd. If an automatic ssmple. dnjector is used, the
sanple visle should be eapped as soon an the solvent 1o

cadded to mindendze volatrilization. For the internal sglan-

drrd method, desorb using 1.0 wl of carbon disvifide con-
taining o kuown awount of the chosen internal standard.

Gt Condirfons.  The typlcul operating conditlions for
the pas chromatograph are:

1. 30 wl/min (60 puig) Helium cavrier pan {low

2. 35 wl/min (25 psip) Hydregen gas flow to detector
3, 400 wl/wuin (60 paip) Afr {low to detector

4,  225°C dnjector temperature

5. 250°C manifold tewperature (detector)

6. 52°C column temperature

.




.

8.5

Bohoh Todeetdon, The fivat step Su the analysds fo the fnjee-
tlon of the dauwple futo the pan chroeatopraph,. To ol f-
winete AU el tdes avindong from Bow back or dintd T at fon
within the wyvinge needle, one should ewmploy the nolvend
Floahy Injeetton techmdgae,  The Jenderoliter syringe fs
firvet flushed with solvent several times to wet the barrel
mud plunper. Three wicroliters of solvent are drawn Into
the syrinpe to docreasse the accuracy and veproductbitity
of the Injected sanple volune.,  The needle s removed
from the selvent, and the plunpger 1s pulled back about
0.2 wicroldter to separate the solveut {Jush {rom the
pawple with a pocket of air to e used as a warker,  The
needle is then dmmersed in the gample, and a S-microliter
aliquot is withdrawn, rtaking into consideratdon the velune
of the needle, since the sample in the necdle will be
complelely dnjected.  After the needle s removed {rom
the sample end prioy to dinjection, the plunger is pulled
back 1.2 microliters to mindmize cvaporation of the sample
from the tip of the needle. Observe that the sample
occuples 4.9-5.0 microliters 1n the barvel of the syringe.
Duplicate Injections of ecach sample end standard should
be made.  No more than a 37 diffcrence In area is to
be expected.  An cutonmotic sawple injector can be used
if 1t is shown to give reproducibility at least as good
as the solvent flush technique.

B.4.5 Mceasurcient of area. The area of the sample peak is meas-
. ured by an clectrondc integrator or some other suitable
form of area weasurcment, and preliminary results ave read
“from a stendard curve prepaved as discussed below.

Detevilnation of Desorptfon Efficicucy

8.5.1 Ipporiance of determination. The deserptlion efficiency of a
partdicular ceopound can vary {rom one laboratory to ancthuer
~and also {rom oue bateh of charcoal to another. Thus, it is
necessary to detervmine at least once the percentage of the
gpeciiic conpound that is ranoved in the desorption process,
provided the game batceh of charcoal is used.

8.5:2 Procedure for determining desorption efficiency.  Activ-
ated charcoal equivalent te the amount fn the {drst sec~
tion ol the gampling tube (100 nyp) is measured dinto a
2.5 dn, b4-mm 1.D. glass tube, fleme scaled at once end.,
This charceal muct be frvom the same batch as that used
in obtalning the nanples and can be obtafned {rom unused
charcoal tubes. The open end is capped with Parafilnm,

A kacwn amount of the analyte 1g injected divectly dnto
the sctivated charconl with a microliter syvinge, and
the tube ds capped with move Pavafllm.  When using an
automatic sample Injector, the sawsle dnfector vials,
capped with Teflon-faced septa, may be used fn plade of
the plans Lubes,
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9.

Gix tubes ot cach of three roncentration Yevela (0,05 10 and
24 af the etondard) are prepared by adding anomronnt of anaes
Iyte cqulvalent to that present dn a4 Hter sosple at the
selected Jevel,  The teben are allowad to nrand for at leant
overnlighit to assure complete adoorption of Lthe analyte onto
the charcoal.  These tulies are relevred to as the samplon,

L parallel blond tube should be Lreated in the sine waner
crcept that ne canple 1s added te 36, The sawple and blank
tuLes are deserbed and smalyzed In cnactly thoe same manner
as the conpling tube desceribed in Section 8.4,

Two or three standards are prepored by injecting the same
volume of compound dnte 1.0 ml of carbon disulfide with the
same syyingoe uged in the preparation of the samples. These

arce analyzed with the saumples,

If the internal standard wethod is used, prepave calibration
standards by using 1.0 ml of carbon disulfide containing a
knowvn axount of the Internal standard.

The decovption cefficiency (D.E.Y equals the average welght
in mg recovered from the tube divided by the wedght in mg
added to the tube, or

D.E. = Average Weight (ro) recovered
Weight (mg) added
The desorption cfficicency 1s dependent ou the amount of
analyte collected on tihe charcoal. Plot the desorption
efficiency verses weight of analvte found. This curve

'S

is uscd in Section 10.4 to correct fcr adsorvptlon lossces,

Calibration and Standards

It 4s convenlent to express concentration of standards in terms of

we pey 1,0 ml carben disulfide, becausce sanples are desorbed fn this
atwount of carbon disulfidce. The density of the analyte 1s used to
convert ug into microliters for easy wmeasurement with a microliter
syringe. A serics of standards, varying In concentration over the
range of intuvest, 1s preparcd and analyzed under the same GC condi-
tiens and during the same time period as the unknown sample. Curves
are established by plotting concentration in mg per 1.0 ml versus
peall arca, .

For the internal astandard method, use carbon Jdsulfide containing a
predetetnined amount of the internal standard. The dnternal standard
concentvation usad was approxlsately 702 of the concentration at 2X
the standavd.  The analyte concentration in my per wl is plotted
versus the avea ratio of the analyte to that of the iunternal standard,
Rote: Whether the external standard or interanl standard wmethod is
uned, staudard salutions should be analyzed as the sawe time the
fample analysis 1 done, This will mindmize the effeet of variations
in ¥ID reupounne,
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10,

Colevdottons

30,0

16.2

10.3

10.4

10.5

10.6

Read the veldpht, 4o ng, corvesponding te cach peall avea frow

the standiard curve, Ho volvue corvections ave ncaeded, beesune

the standard curve 45 bosed on wp per 1,0 ul carbon disulfide
and the velume of sanple dnjected is fdentleal to the volume
of the standards injected,

Corrections for the blank nust be made for each sample,
mg = mp sawple ~ mg blank
where:

mg sawple = mgp found in front scction of sanple tube
mg blank = mg found in front scction of blank tube

A similar procedure is followed for thae Lackup sections,

£dd the amounts present in the froni and backup scctions of
the same sample tube to determine tuce total weight in the
sample, '

kead the desorption efficicney from the curve (sce Scction 8.5.2)
for the amcunt found in the front scction., Divide the total weipht
by this desorption cefficiency to obtain the corrccted mg/sample.

Corrccted mg/sample = Total welpht

D.E.
The concentration of the analyte in the aly sampled can be cex-
pressed in my per cu o

Correctod vy (Scordon 10.4) » 1000 (Qiters/cu m)

- S SN

Aly Voluwe Saupled (liters)

mgfeun =
Another method of cxpressing concentration is ppm (corrected
to standurd conditions of 25°C and 760 mm lg).

'R T :
Phm = mg/cu n oy .2._..‘.?*;_5. % .2.6'.9 x(l__t..?.z.é)_

HW P 298
vhere:
i = pressure {mm lg) of alr sampled
T =  temperature (°C) of alr sampled
24,45 = wolay volume (liter/mwolz) at 25°C and 760 um lg
HW = molecular welpht
760 = gtandand pressure (un Hg)
298 = grandard temperature {(°K)
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Uhite, L., eroa, YA Convenlent Optimfzed Methiod for the
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Atvonpliove, '™ Jeer, Twle Hyp, Asnoe, o, 310 225 (1970),

Pocumentat fon of HIONH Valldatlon Yenta, NTOSH Contract
Ho. CDC-Y9-74-45,

Final Beport, NIOSH Contract HSI-99-71-31, "Personal Sampler
Punip for Charcoal Tuben,® Septewmber 15, 1972,
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Sawpling Dnta Sheeot No, 8378

Substance

Octana

Standard

8~-hour time-~weipghted averag

i~

i 500 ppm (2330 mo/eu w)
Referonce: 29 CFR 1910.93

Analyticel Mathed

A known volunme of ailr 1s drawn throuph a charceal tube to trap the
octane vapors prasent. The analyte is desorbod from the chavcoal

with carbon disulfide, and the sample 1s separ tcd and analyzed using
a gas chromategraph with 2 ilame dondzotion detector. The method has
been'validated over the ranpe of 1050 L4038 my /uu nm for a 4-liter

sacple at 20°C and 758 mm Hp atmospheri: tcmperature and pressure.

Sampling Eguipment ‘ ) .

A calibrated personal sampling pump whose flow can be determinad
accurately, 3%, over the range 0.05 to 0.2 liters per minute,
plus charcoa 11 tube containing two sections of 20/40 mesh activated

charcoal scparated by a 2-mm portion of urcthane foan,

Sarple Size

A szuple size of 4 liters is recommended., Sample at a flow rate of
0.2 liters per minure or less,

Sawpling Procedur

1. Immediately befors samp 1*?,, the ond“ of the tube should be broken

80 ag to provide an opening approxizatcely one=-half the internal
diazcter of the tube.

2. 7The smaller section of charcoal is used as a bacleup and should be
positioncd nearest the soenpling punp.,  The charcoal tube should by
Placed din o vertical position during scmpling to avold channeling
and subszequent prumature breakthrough of the analyte.

v

3. AMlr being szmpled should not be passed through any hose or tubing
pefore enteving the charcoal tube.

4, Set the flow rate as accurately as possible uvsing the manufactures's
directicns., Reword tha ;c.,graturc and pressure of the atmosnhers
sazpled, I8 the pressure reaclug is not avoilable, racord the elova-
tion, If the pump is a low [low rate pump, sut the epproximate Llov
rate snd rocord the dnftial and final counter roeading,  The saople
VOluL” Ly obtalued by multiplying the nusber of counter strokes tines
the ce/stroke facto
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5. fdne eharcoal tubes should be (“'n:' With the supnlind pl. xatir' ¢cann
fvoediotely arver wvesplina. Yasklng vape du the oanly soltable
prhntlicuie for senliung thoe tnbuu. U: wer no clrcusstancoey ﬁnuujé
rubber copis be used,

6. One charzeal tuba should be hendled in the same manner as the
sample tubes (broalk, seal, and transport), excepe for the taking

»

of an alr sacgple,  This tube sheould be labeled os a blank,
Speeial Considerition

l. Where two or more corpo aprcted to be present
in the gizr, = frrma:icn‘ inclxding thedlr suspected identitios
should be trznsmitred with the sample.

2. Due to the hizh resistance the charceal tube, this pampling
rethed plzced avy lead on the sampling puzmp. Therefore, no
more than ten charcosl tube samples should be raken without fully

. rechargingz the batzery. ’

D
o
"

3, If hizh hurdt
¢an ba severe
tube, the sub

141 sant, breakthrough volun
ien of water occurs in tae
d

auaqcit tively,

£y or water mist 1is pre
y reducsd. If condeasa
tance will not be trappy

E}
A
k]
a
3

v
L
o

4. The desorption efficlency of charecocal varlea from batch to bat:h.

: Thercfore, all the tubes used te colleet a set of samples should
contein charcoal from the same batch. Several unused charcoal

tubes should zcecompany the sa=plies, Information on tha batch

nenber of the charcoal must be supnlied. .

A bulk sample of the susnectced ceompound chould be submitted to the
Isboratory in a glass container with a Teflen-linad cap, Label of

-

i e
the bulk sample should match adr sazplos for ddentification purposes,

h

Shipping Instructions

Capped charcoal tubes should be packed tightly and padded before

they are shippe wininize tubhe breahnge during shlpping. Never
trans.ort, mail, snin the bulk samplie in the same container as

the sample or blﬁnk tube.
Refercnca -

Octane, RIOSH Methed Xo. S378
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Backup Data Report
} p

Chemical used for .
validntion: Octane, Aldrich 99 4 Z Gold Label

Procedure

The seuneral procedure used is described in RIOSH Method No. 5378
which hus been adapred fron P&CA& 12?. Desorpticn efficlency tests
were done ot 0.5, 1 end 2 tives the O0S5HA standard by spiking with the
appropriate voluma ¢f octane re prﬁsﬁﬂth in a 4 liter ailr sample. The
charceal used was Lot 105 activated cocunut charceal supplizé by SXC,
Inc., Pirtskbirgh, Pa. Sp't*ng and desorprion teste werns done in the

2 ol vials ured with the Varion Medel 8000 autemaric sample injector.
Gas chrecatograshic analyses were done —vith thils autesampler using
nonane 2s internal standard. Details of the cnalysis procedures may
be found in the Butyl Acetate 547 EZackup Data Report.

Modification

LgﬂdJTd

injector to

i u r/min
The threo sample 1 : i tias of
0.238%, 0.4%16 and 1.000 to preduce the 0.5, 1 an SEA céird

0
test levels. All 6 samvles at the 3 test levels vwe c
tanecusly at 0.22 liters per minute for 18 minutes {4 lite
of tho sazmple generation and collect*un equipment b
Butyl Acctate $47 Backup Rata Report.

v

Breakthrough

The first scction of the charcoal tube was {ound to hold 30 np of

octane when a test Lﬁcspﬁcrc CC“LLiﬁ ur 4612 on/eu n of octane in

alr was sampled ar 0.17 liters per minute for 34 oinutes; breaktihrough
was abserved zt this tiwe, i.c., the concentracion of analyte in the

efilvent was 20 of that in the influent. The breakthrough data are’
based on a prior experiment.

. §378-1
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Precivlon aud Accuracy

Partlett's tecn for homopenclty of varfeuces at 0.5, 1X, and 2X
the OGN stuadord for saupling and analysis wan applied to the
data {or octane es in Beference No. 2.

The sampling and analysis duta gave a c¢hi squared value of 10.9
indicating that the hypothesis of equal varicnce riay be rejected
at p (probabi Jity) less than 0.01.  The data for ocrane snow ox-
cellent precision.  Thercfore, peoling will not introduce signifi-
cant €rror. For this reason (,\"L is celculcted on the pooled data.

The statistical procedures used arc described in Refercnce 1.

'c'il = .0039 cv

0.0321 TV = 0.0595
2 T

The average recovery of the generatoc samples over all levels was

98.2 + 7.87

The uncerxtainty in this value was cemputed as follows:
y

V)2 + (0.0% X 100
%4 Recovery/100

"Z Uncertainty =

where 0.07 1s the uncert

ainty In the generated concentration level,
This valuc was determzined fix

Yy t
or tne acetate estoecs in Set D

References

1. Docureatation of NIOSH Validation Tests, NIOSH Contract No.
CDC~99-74-45.

2. Backup Dzta Report, Propvlene Oxide, No. 575, preparced undex
NIOSH Contract CDC-9§-74-45,
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Data Sheot: Octanc 85378

Analysis

Level  0.58 . iS , 28
mg mg " mg &g mg mg
added  found DE added  found DE added  found .DE
4.75  4.47 0.941 9.78  9.32 0.953 18.86 18.18 0.964%
4.75  4.39 0.924 9.78  9.07 0.927 18.86 18.11 0.960
4.75  4.40 0.926 9.78  9.23 0.944 18.86 18.21 0.966
4.75  4.41 0.928 ~ 9.78  9.18 0.939 18.86 18.45 0.978
4.75  4.42  0.931 9.78  9.25 0.946 18.86  18.23 0.967
4,75  4.38 0.922 9.78  9.22 0.943  18.86 17.90 0. .7
n o= 6 6 6 )
mean 0.929 0.942 0.964
std dev ~ 0.00680 "0.00867 0.00949
cvy 0.00732 0.00921 0.00984

EVi 0.00885

o, — 0.00956




« oy

s bata Shect:s Octane $379
Sauplling and Anaayuins
Tont Lovel  moemssem—eee oo Found ~—m=me: cen——— Taken
rn, Corzen Liters amn/on m wafen m Recovery
0.5S 4.09 4.40 4,01 1097 1049
4,02 4.33 4.01 1080 1049
3.82 4.12 4,01 1027 1049
3.96 4.27 4.01 1065 1049
3.77  4.07 4,01 1015 1049
3.18% 3,445 4,01 B58* 1049
n=3
mean - 1057 100.8
std dev 34.8
cv 0.03729
2
1s 7.78 8.28 4,01 20€5 2170
7.73 8.22 3.97 2070 2170
7.69 8.18 3.94 2075 2170
7.89 3.3% 4.08 2055 2170
7.77 8.27 4.03 2056 2170
7.63 8.12 3.99 2035 2170
n =6 )
mean 2058 94.8
std dov 14.7 :
cv 0.00715 -
2
2s 16.40 17.14 4.13 4150 4400
16.66  17.39 4,03 4320 4400
16.32 17.05 4.03 4230 4400
17.16  17.88 4.01 4460 4400
18.82 19.536 4.17 4690 - 4400
16.57 17.30 4.03 4290 4400
n=6
mean 4360 938.9
std dev 193.0
CV2 0.0443
CV2 0.0321

*
These values excluded frow statistical analysis
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