GLUTARALDEHYDE ((
2

Method number:
Matrix:

Target concentration:
ACGIH TLV-Ceiling:
OSHA PEL:
@dditonal data, 1997)
Target concentratons:

Procedure:

Recommended air volume
and sampling rates:
200-ppb ACGIH Ceiling:
@dditonal data, 1997)
10-ppb STS:

2-ppb LIS:

Reliable quantitation limits:
200-ppb ACGIH TLV-Ceiling:
@dditonal data, 1997)
10-pcb STS:

2-ppb LIS:

64
Air

200 ppb (820 pg/m?)
200 ppb (820 ug/m?®)
None

10 pob @élpg/m?) (©r shorttem sampks, ©IS))
2 b 82 pg/m’) (Br bng-tem sampks, IS))

An air sample is collected by drawing a known volume of air through an
open-face air monitoring cassette containing 2 glass fiber filters, each of
which is coated with 2,4-dinitrophenylhydrazine and phosphoric acid. The
sample filters are extracted separately with acetonitrile and analyzed by
HPLC using a UV detector.

15L at 1 L/min

30 Lat2 I/mh
480 Lat2 I/mn

4.4 ppb (18 pg/m?®)

044 pob (18 pg/m?)
0027 peb 011 ug/m?)

Standard errors of estimate at the target concentration:

200-ppb ACGIH TLV-Ceiling:
(Addional data, 1997)

10-ppb STS:

2-ppb IIS:

Spech] requiem ents:

(Additbnaldata, 1997)

Status of method:

Date: June 1987
Addibnal data: January 1998

6.2%

6.6%
6.7%

Shp sampks suspected of contahing bw Ewek of ghitmarabehyde (such as 10-ppb
STS sampks) h an hsubkted contaher ushg Ble Te (or

equiaknt) by owemiht delery sewice (FedEx, or equivaknt). Use an
ozone- scavengihg fiter for I'TS, or reduce sampk atrvolme, I ozone 1 the sampkd
alr 8 greater than 10 pob Sectbns 213 and 264). Store all ghitarmbehyde
sampks 1 a refrgerator untl anakss.

Evaluated method. This method has been subjected to the established

evaluation procedures of the Organic Methods Evaluation Branch. addinal
evaliaton data were colected 1 1997 because of hicreased hterest h moniorng
bwer bwek.

Chemist: Warren Hendricks

Organic Methods Evaluation Branch
OSHA Salt Lake Technical Center
Salt Lake City, Utah 84115-1802
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1. General Discussion

1.1

Background

1.1.1

History

This work was performed because there was no fully evaluated OSHA method for the
sampling and analysis of glutaraldehyde. This method requires the collection of
glutaraldehyde on glass-fiber filters which have been coated with 2,4-dinitrophenyl
hydrazine (DNPH) and phosphoric acid. The sampling method is similar to a procedure
found in the literature which was developed for formaldehyde (Ref. 5.1). DNPH is a widely
used derivatizing reagent for the determination of aldehydes and ketones (Ref. 5.2). The
reaction between glutaraldehyde and DNPH is presented below:

HOC(CH,),COH + 2 (O,N), C;H;NHNH, + acid —
glutaraldehyde DNPH

(O,N),CsH;NHN=CH(CH,);HC=NHNC,H,(NO,), + 2 H,O
glutaraldehyde-bis-DNPH derivative water

The analysis is performed by HPLC using UV detection.

Prior to the development of the coated-filter procedure, it was found that glutaraldehyde
could be collected directly on XAD-4 adsorbent. Recoveries near 100% were obtained
when samples were analyzed immediately after generation but samples were not stable
following storage at ambient temperature. Similar storage instability problems were
encountered when glutaraldehyde was collected on XAD-2 adsorbent which had been
coated with DNPH and phosphoric acid. Since initial sample recoveries were near 100%
and the glutaraldehyde-bis-DNPH derivative is very stable, the most likely explanation for
the observed sample instability is that the reagent on the head of the tube was consumed
and the glutaraldehyde was collected but not derivatized.

An effort was also made to extend the sampling method used by OSHA for the collection
of acrolein and formaldehyde (Ref. 5.3) to include glutaraldehyde. The basis of the method
is the reaction of 2-(hydroxymethyl)piperidine (2-HMP) with the aldehyde. The 2-HMP
derivative of glutaraldehyde was not detected by gas chromatography using a nitrogen
selective detector when a wide variety of GC packing materials and analytical conditions
were used. The derivative was also not detected by gas chromatography/mass
spectrometry.
Additonal data, 1997

Additonal evaliatbn data were colected 1 1997 1 support of research performed by OSHA's
Diectorate of Polcy. The research was prom pted because glitarabehyde was dentified as one of a
number of chem ak for whith OSHA htends to publsh a proposal to update PELs Ref. 71). The
arget Bwek, 10-pob for shor-tem sampks STIS) and 2-pob for bng-tem sampks (IS), were
sekcted o meet montorng mquirments for OSHA sie visis at sekcted facites n whith
gltarmtehyde was beleved t© be present. These Bvek shoul not ke taken as bask for proecthg
future OSHA miEm akihg concemig ghitaratehyde.

ACGH has published a "Notie of htended Changes (for 1996)" to change the TWA-Ceilng fiom 200
Peb © 50 pob Ref. 72). Therfore, this additonal data coul be of hterest t© those wishihg t©
monior gitarmbehyde at very bw Ewek.

The overall appearance of thi method was mvised so that i would be more consktent wih OME
methods written according to 1993 Method Evaliaton Guielnes Ref. 73). The orghal data are
Ttact, and new data are Jentified by the phrase: " @ddibnaldata, 1997)" and use of Modem” font.
The different font & used to delneate the 1997 data fiom the orghaldata. New data were colected
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1 accordance wih 1993 OME Guilelhnes. The orghalbackup data and lterature references sectons
are tact, and new backup data and liemture eferences sections for the additonaldata are nclided.
Some OME defnitons and test criera for the In t definhg parmm eters were evised 11 1993 and &
may not be possbk to diectly compare orghal and new data because of the visbns. The 1987
detectbn and rlebEe quantitatbon In is have been superseded by the new In is.

Preln hary testihg showed that, wih modifcaton, Method 64 for giitarmtlehyde was capabk of
monitorng the sekcted bwer target Bvek. Some hstabilty was dosernved for STS stored at ambEnt
tEmpeature. The recovery was 105% of theoretical at the beghinihg of a 19-day storage test, and
1t was 84% at the end of the test. Only m hor hstabilty was dosenved for refrgerated STS. The
sampk storage hstabilty seam s rhted to the mass of dervatie present on the sampkr. LTS were
more stabk than STS. Allgltaratehyde sampks shoul, however, be stored under refrigeration, and
sam pks suspected of contahing bw Ewek of glitarmtehyoe (such as 10-ppb STS) shout be shipped
1 an hsubted contaher ushg Blie e (or equiaknt) by ovemiht delery service FedEX™, or
equiaknt). Changes to Method 64 nhclide use of a new IC anaktical colmn specilly desined by
the manufacturer to separate DNPH deriaties of abkehydes and ketones, and hcoreashg the ar
samplhg wte fom 1 t© 2 I/mi. The 10-ppb SIS & moniored wih 15-mih sampks, but the
samplhg tne can be rduced © 5 m 1 if necessary. The 2-ppb ITS & nomall assessed wih
4-hour sampks. The samplng tine for ITS may hawe to be reduced, or an ozone- scavengihg fiter
(OSF) hoorporated hio the air sampkr, if ozone h the sampkd atr B sugpected © be more than 10
orb.

Ozone has been mported t© be a spniftant samplng hterference h some methods whtth use
DNPH-treated samplng meda Ref. 74). Ewas confimed t© e a samplhg hterference for 2-ppb
LTS, but was not severe for 10-pob STS. The extent of the hterference depends both on the am ount
of ozone 1 the sampkd atr and the Ength of tine that the sampk & colected. The effects of the
terference were =duced by the use of an OSF conssthg of a ghss frer fiter coated wih
N- (1,3-din ethybuty)-N"“-phenyt p -phenyknedim he. (Secton 6.9 2 d)

The destn of the sampkr was not atered to muthely hoormporate an OSF because it ¥ antcipated
that s requirrd hclisbn willlbe more the exosption than the mik. Most ghitarabehyde exposures
are kel short tem, and STS do not requie an OSF. Most LTS willbe colected h hospial, and
ozcne Bwek at such facilies shout be bw. The hdustral hygenist has the optbn of reduchg the
sampk air volme size for ITS, or ushig an OSF, if ozone kbwek are sufftently high.

This sam plhg and analticalm ethod provides adequate sensiiviy to work at very bw Evwel. Workhg
at these Bwek & dam anding forboth the hdustralhygenst and the analyst because of the potental
for postie, as wel as negatie, sampihg hterferences. The hdustral hygenist must determ he i
sam plhg hterferences are present, and then take conectie actbn. Thi action may consist sinply
of reporting the presence of nterferences to the analytical Bbomatory. The analst can better quatify
sam plhg resuls wih this knowkdge, and perhaps suggest altematie sam plhg procedures.

Toxic effects (This section is for information only and should not be taken as the basis of
OSHA policy.)

Glutaraldehyde is a strong respiratory irritant and a less severe skin and eye irritant. It can
also cause allergic contact dermatitis from occasional exposure (skin sensitization). The
oral LD, for rats has been reported to be as low as 250 mg/kg. The 4-h LC,, for rats is
5000 ppm. (Ref. 5.4)

Activated glutaraldehyde, which is an aqueous solution buffered to an alkaline pH of 7.5
8.0, is an effective cold sterilizer with potent antimicrobial properties. Activated
glutaraldehyde retains the skin sensitizing properties of non-alkaline glutaraldehyde and
its irritation effects are somewhat enhanced. (Ref. 5.4)
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The odor threshold for glutaraldehyde is about 0.04 ppm and the irritation response level
is about 0.3 ppm. The ACGIH TLV-Ceiling for glutaraldehyde is 0.2 ppm because of its
irritation properties, whether from activated or unactivated solutions. (Ref. 5.4)

Workplace exposure

Glutaraldehyde is used in water solutions of varying concentrations as a chemical
intermediate in the drug and polymer industries, a fixative for tissues, a cross linking agent
for polyhydroxy materials and proteins, a tanning agent in the leather industry, and a cold
sterilizer in hospital-medical applications (Ref. 5.4). No data was found regarding the size
of the worker population potentially exposed to glutaraldehyde.

Physical properties (Ref. 5.4)

CAS no.: 111-30-8
molecular weight: 100.12
appearance: colorless liquid often encountered in 2% and 50% aqueous

solutions which have no flash points and are not flammable
vapor pressure

2% solution: 0.16 Pa (0.0012 mm Hg) at 20 °C
50% solution: 2.03 Pa (0.0152 mm Hg) at 20 °C
structural formula: HOC(CH,),COH
synonym: 1,5-pentanedial

The analyte air concentrations listed throughout this method are based on the recommended sampling and
analytical procedures. Air concentrations listed in ppb are referenced to 25 °C and 101.3 kPa (760 mm Hg).
The analyte concentrations are listed as glutaraldehyde even though the derivative is the actual species

analyzed.

1.2 Limit defining parameters

1.2.1

1.2.2

1.2.3

Detection limit of the analytical procedure

The detection limit of the analytical procedure is 1.31 ng per injection. This is the amount
of analyte which will give a peak sufficiently large to permit its visual detection in the
presence of interfering peaks in a sample chromatogram. (Section 4.1)

@dditonaldata, 1997). The detecton Iin i of the analtialprocedure 5 191 pg. Thi & the amount
of analyte that willgie a regponse that ¥ spnifcantly different from  the background response of a
reagent bhnk. Thi amount supersedes the prevbus detecton In it of the analytical procedure.
Sectons 61 and 62)

Detection limit of the overall procedure

The detection limit of the overall procedure is 0.268 ug per sample (4.4 ppb or 18 ug/m?®).
This is the amount of glutaraldehyde spiked on the sampling device which allows recovery
of an amount of analyte equivalent to the detection limit of the analytical procedure.
(Section 4.2)

@dditonaldata, 1997). The detecton In 1 of the overallprocedure 5 165 ng per sampk (STS: 013
Pob or 055 pg/m*; IIS: 00083 pob or 0034 1g/m?). Ths 5 the amount of analte spked on a
sampkr that will gie a response that B spnificantly different from  the background response of a
sampkr bhnk. Thi amount supersedes the previus detecton Iin & of the overall procedure.
(Sectins 6.1 and 6.3)

Reliable quantitation limit
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1.24

1.2.5

1.2.6

1.2.7

1.2.8

The reliable quantitation limit is 0.268 ug per sample (4.4 ppb or 18 yg/m?). This is the
smallest amount of analyte which can be quantitated within the requirements of a recovery
of at least 75% and a precision (+1.96 SD) of +25% or better. (Section 4.2)

@Additonaldata, 1997). The wlebk quanttaton Init s 550 ng per sampk STS: 044 ppb or1 8
pg/m>; IIS: 0027 peb or 011 pg/m’). This B the amount of analte spked on a sampkr that will
gie a spnal that 5 constlered the bwer In i for precikse quantiatie measurements. Thi amount
supersedes the prevbus rlebk quantiaton Init. (Secton 64)

Instrument response to the analyte

The instrument response over the concentration range of 0.5 to 2 times the target
concentration is linear. (Section 4.4)

Recovery

The recovery of glutaraldehyde from samples used in a 17-day storage test was essentially
100% when the samples were stored at about 23 °C. (Section 4.7) The recovery of the
analyte from the collection medium during storage must be 75% or greater.

Additonal data, 1997). The reooweres of ghitarabehyde from sampks used 1 19-day ambEnt
storage tests mmahned above 84% for 10-pob SIS, and above 98% for 2-ppb ITS. The ambEnt
storage test for STS reveakd a greater than 10% decrease 1 recovery. An unsuccessiil attem pt was
made © dewebp a convenent alematie sampkr whith alevated the storage bss. Sampks
suspected of contanhhg bw Ewek of ghiitaratehyde (such as 10-ppb STS) shoul be shipped 1 an
Tsubted contaher ushg Blie e (or equiaknt) by ovemiht deliery servie (FedEx, or equiaknt) .
ITS exhbied adequate storage stabilty. (Secton 6.7)

Precision (analytical procedure)

The pooled coefficient of variation obtained from replicate determinations of analytical
standards at 0.5, 1, and 2 times the target concentration is 0.024. (Section 4.3)

@dditonal data, 1997). The precisbn of the anaktical procedure, measured as the pookd =htie
standard deviaton, over a concentratbn range equiaknt to 05 t© 2 tines the target concentration
B 069% for10-pob STS. The preckbn of the analytical procedure, measured as the pookd rehtie
standard deviaton, over a concentratbn range equiaknt to 05 o 2 tines the tamget concentration
B 083% for 2-pob IIS. (Secton 6.5)

Precision (overall procedure)

The precision at the 95% confidence level for the 17-day ambient temperature storage test
is +12%. (Section 4.7) This includes an additional £5% for sampling error. The overall
procedure must provide results at the target concentration that are £25% or better at the
95% confidence level.

@dditonaldata, 1997). The precessins of the overall procedure at the 95% confdence bwel for the
19-day m=firigerated storage tests were £12.9% for 10-ppb STS and 13 4% for 2-pob ITS. These
each nhclide an addibnal 5% for samplhg enor.  (Secton 6.7)

Reproducibility (sampling)
Six samples, collected from a controlled test atmosphere, and a draft copy of this
procedure were given to a chemist unassociated with this evaluation. The samples were

analyzed immediately after generation. No individual sample deviated from its theoretical
value by more than the +12% precision reported in Section 1.2.7 (Section 4.8.)
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1.3

1.4

@Additonal data, 1997). Twele sampks (6-STS and 6-1IS) were colected fiom test atm oscheres
and were suom ted for analysis by SIIC. The sampks were analyzed according to hstuctbons h a
draft copy of this procedure ©lowhg 10 and 3 days (espectie) of storage at about 4°C. No
Thdiitual sampk resulk differed from s theoretical valie by more than the respectie precessins
reported 1 Sectbn 12.7. (Secton 6 .8)

Advantage

This sampling and analytical procedure provides a simple, convenient, and precise means to
monitor occupational exposure to glutaraldehyde vapors and aerosols.

Disadvantage
The coated filters are currently not commercially available.

@dditonal data, 1997). The cocated fiters are now commerchly avaibbk. The OSFs are not cunently
comm erchlly avaiBbk.

2. Sampling Procedure

2.1

22

23

END PLUG

Apparatus
2.1.1  Samples are collected by use of a ﬁ
personal sampling pump that can be 59 e
calibrated to within +5% of the
recommended flow rate with the %™ RING
sampling device attached. DNPH FILTER o
212 A sample is collected using an ONPH rm

open-face air monitoring cassette
containing 2 glass-fiber filters. The m
fiters are separated and retained f
. . . END PLUG
using cassette rings (See Figure
2.1.2). Each filter is coated with
DNPH and phosphoric acid. Instruc
tions for the preparation of the coated filters and assembly of the sampler are given in
Section 4.11 of this method.

@

Figure 2.1.2. Glutaraldehyde air sampler.

END PLUG

213  (@ddibnal dat, 1997). Ozone bwek @(
greater than 10 poo may requie use ofan %
ozone- scavenging fiter OSF) to prevent a /iy, Q

RING
negatie samplhg hterference at the @
@RNG

M
2=-ppb ITS (Bee Fpure 21 3). hstmuctons DNPH FILTER
for prepamaton of the OSF, and is
hoomporaton hito the air sampkr ar DNPH FH.TER e
presented h Secton 411. Detecton of
bw Ewek of ozone quies the use of an OSF FITER QD
ozone meter, or an ozone detector tube.

END PLUG

Reagents

) i Foure 213. Gltambehyde atr sampkr wih OSF
No sampling reagents are required. hoomomted hio the sampkr.
Sampling technique

2.3.1  Remove the inlet section (top) and the end plug on the exit section of the air monitoring
cassette so that sampling is performed open face.
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24

2.5

2.3.2

233

234

235

236

237

2.3.8

Attach the sampling device to the sampling pump with flexible, plastic tubing such that the
front filter of the sampler is exposed directly to the atmosphere.

Attach the open-face air monitoring cassette vertically (face down) in the worker’s breathing
zone in such a manner that it does not impede work performance or safety.

Remove the sampling device after sampling for the appropriate time. Replace the inlet
section (top) and the end plug on the exit section of the air monitoring cassette. Wrap the
sample end-to-end with an official OSHA seal (Form 21).

Keep the collected samples in the dark whenever possible as a precaution against
photo-decomposition.

@dditonaldata, 1997). Shp sampks suspected of conaihhg bw kEwek of giimrabehyde (such as
10-pob STS) 1 an hsubkted contaher ushg Blie e (or equiaknt) by ovemiht deliery serwie
(FedEx, or equiaknt) .

Submit at least one blank with each set of samples. The blank should be handled the
same as the other samples except that no air is drawn through it.

List any potential interferences on the sample data sheet.

Sampler capacity

241

242

243

244

Sampler capacity studies were performed by sampling controlled test atmospheres with the
recommended sampling device. The average glutaraldehyde concentration of these
controlled test atmospheres was 0.4 ppm and the average relative humidity was 66% at
30 °C. Five-percent breakthrough occurred after sampling for 171 min at 1 L/min. At the
end of the sampling time, 171 L of air had been sampled and 256 ug of glutaraldehyde had
been collected. (Section 4.5)

An additional sampler capacity experiment was performed at reduced relative humidity to
determine if low humidity had an effect on capacity. No breakthrough was observed when
a controlled test atmosphere containing 0.2 ppm glutaraldehyde at 33% relative humidity
and 30 °C was sampled for 18 min at 1 L/min. The average amount of glutaraldehyde
recovered from the samples was 92% of theoretical.

(Addional data, 1997). Sampkr capaciy studes were performed at 10-pob glitambehyde, 81%
rehtie hum diy at 22 °C, and a samplhg mte of 2 I/mh. Fie-percent breakthrough was never
attaned, even affermore than 700 L of air had been sampkd. (Sectbn 6.9)

(Addionaldata, 1997). Other experments were conducted to test the samplhg method. Sampks
were colected atboth high and bw hum dity, atboth 1 and 2 I/m 1, and forboth 5 m 1 and 15 m 1.
The resuls of these tests were expressed as percent mtos whith were cakubted by dviding bw
hum dity results by hish hum dity resuts, by diidhg 1 I/m i wesuls by 2 I/m i resuls, and by
diiding 5 mi rmsuls by 15 mih resuls. The regpectie mtbs were 1021, 976, and 1055%.
(Secton 69)

Extraction efficiency

2.51

252

The average extraction efficiency for glutaraldehyde from DNPH coated glass-fiber filters
at the target concentration was essentially 100%. (Section 4.6)

Extracted samples remain stable for at least 16 h. (Section 4.6)

7 of 36 T-64-FV-01-9801-M



253

254

255

@Additonal data, 1997). The awrmge extracton effciency over the range of 05 t© 2 times the
10-ppb STS target concentration was 98 9% . The average extracton effcency over the range of 05
t© 2 tines the 2-pb LTS target concentraton was 99.7%. (Secton 610)

Additonaldata, 1997). Awrmge extracton efftences for 005, 01 and 02 tines the 10-ppb SIS
were 1005, 92 2, and 95 8% respectirely. Average extracton efficences for 005,01 and 02 tines
the 2-ppb LIS were 959, 1003, and 991% respectiel). (Secton 610)

Additonaldata, 1997). Extracted sampks rmmah stabk for at kast 16 hours. Secton 610)

2.6 Recommended air volume and sampling rate

2.6.1

2.6.2

263

264

265

The recommended air volume is 15 L and the recommended sampling rate is 1 L/min.

When longer term sampling is necessary, the recommended air volume is 120 L and the
recommended sampling rate is 1 L/min. The reliable quantitation limit for a 120-L sample
is 0.54 ppb (2.2 yg/m?).

(ddibnaldata, 1997). Chect 10-ppb STS at 2 I/mi for 15 mi.

@ddional data, 1997). Colect 2-ppb LIS at 2 I/mi for 4 hours if ozone & Ess than 10 ppb.
Ozone present 1 the sampkd atr at ek greater than 10 pob s a negatie samplng hterference
that can cause bw resuls. The severty of the hterference depends on the am ount of ozone present
and on the Ength of tine that the glitmaralehyde deriatie & exposed to ozone. Use ether an
ozone- scavengtg fiter (Secton 4.11.3) when ozone bwek are greater than 10 ppb, or a "safe air
wvolme" cabukted by dividhg 4 6 by the ozone Bwel h pom . For exampk: if the ozone Bvwel s 0.04
pon (@0 pob) the "safe air volme" woul be 115 L colected at 2 I/mh @.6/004=115). (Secton
6924, Tabk 69241, and Fogure 69241)

@dditonaldata, 1997). The air concentration equiaknt to the relabe quanttation ln it depends on
the air volme sampkd.

2.7 Interferences (sampling)

2.71

2.7.2

273

Any substance presentin the sampled air and capable of reacting with DNPH or the DNPH
derivative of glutaraldehyde is a potential interference. Many aldehydes and ketones are
capable of reacting with DNPH.

Suspected interferences should be reported to the laboratory with submitted samples.

Additonaldata, 1997). Ozone b a negatie sam plhg hterference that can cause samplng resuts
© e bw. The severty of the nterference depends on the am ount of ozone present and on the
Ength of tine that the ghitaratehyde deratie & exposed t© ozone. Resuls fiom STS were about
10% bw after samplng a 240-ppb ozone test atmosphere for 15 m i, and resuls fiom LIS were
about 45% bw affer samplhg a DO-peb ozone test atm oschere for 4 hours. (Sectbn 692 4).

The effects of ozone can be reduced by use of an ozone- scavenghg fiter (OSF) conssthg of a ghss
foer fiter coated wih N- (1,3-din ethybuty)-N - phenyl p-phenykenedim e (Secton 692 4).

2.8 Safety precautions (sampling)

2.8.1

2.8.2

Attach the sampling equipment to the worker in such a manner that it will not interfere with
work performance or safety.

Follow all safety practices that apply to the work area being sampled.
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3. Analytical Procedure

3.1

3.2

3.3

Apparatus

3.1.1

A high performance liquid chromatograph (HPLC) equipped with a UV detector and a
manual or automatic sample injector. A Waters Associates Model 6000A HPLC pump, a
Waters Associates Model 440 UV detector and a Waters Associates Model U6K manual
sample injector were used in this evaluation.

@dditonal data, 1997). A Hewktt Packard 1050 Seres HPIC consisthg of a pumphg system,
programm abk varebk wavekngth detector, and an autosam pkerwas used to analze sampks for the
addional evaliaton data.

3.1.2 An HPLC column capable of resolving the glutaraldehyde DNPH derivative from
interferences. A 25-cm x 4.6-mm i.d. DuPont Zorbax CN (PN 850952-705) HPLC column
was used in this evaluation.

@ddional data, 1997). A Restek Pinack TO-11 G-um), 25-an x 4.6-mm id., Catabg no.
9172575) HPIC colmn was used to analyze sampks for the addional evaliaton data.

3.1.3  Vials, 4-mL glass with Teflon-lined septum caps.

3.1.4  Volumetric flasks, pipets and syringes for preparing standards, making dilutions and
performing injections.

3.1.5 A tube rotator or other suitable means to extract the samples. A Fisher Roto-Rack tube
rotator was used for this evaluation.

3.1.6  An electronic integrator or some other suitable means to measure detector response. A
Hewlett-Packard Model 3357 Data System was used in this evaluation.

@dditonal data, 1997). A Waters Milennim Chrom atography Manager system was used to analyze
sampks for the addional evaliaton data.

Reagents

3.2.1  Acetonitrile, HPLC grade. American Burdick and Jackson acetonitrile UV was used in this
evaluation.

3.2.2 Water, HPLC grade. Water from a Millipore Milli-Q water filtration system was used in this
evaluation.

3.2.3  Phosphoric acid, reagent grade. "Baker Analyzed" Reagent grade 85% phosphoric acid
was used in this evaluation.

3.2.4  Glutaraldehyde. Aldrich Chemical Company, 25% by weight solution in water,
glutaraldehyde was used in this evaluation. This solution contained 229.5 mg/mL
glutaraldehyde as determined by the procedure which is presented in Section 4.10.

3.2.5 2,4-Dinitrophenylhydrazine (DNPH). DNPH (70%), Lot No. 1707 LJ, obtained from Aldrich
Chemical Company was recrystallized from hot acetonitrile for use in this evaluation.

3.2.6  Analytical standard preparation solution. This solution is prepared by diluting 1 g of

recrystallized DNPH and 5 mL of phosphoric acid to 1 L with acetonitrile.

Standard preparation
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3.4

3.5

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

Itis recommended that standards be prepared about 1 h before the air samples are to be
analyzed in order to insure the complete reaction between glutaraldehyde and DNPH.
Standards should be prepared fresh daily. The actual concentration of the glutaraldehyde
solution (Section 3.2.4) should be determined by titration as described in Section 4.10. As
a precaution against photo-decomposition, standards and samples should be kept in the
dark whenever possible.

Prepare glutaraldehyde standard solutions by diluting known volumes of the nominal 25%
glutaraldehyde solution with acetonitrile. A solution containing 0.23 mg/mL glutaraldehyde
was prepared by diluting 1.0 mL of the reagent to 1000 mL with acetonitrile.

Place 2.0-mL aliquots of analytical standard preparation solution (Section 3.2.6) into each
of several 4-mL glass vials. Seal each vial with a Teflon-lined septum cap.

Prepare standards by injecting appropriate volumes of glutaraldehyde standard solution
(Section 3.3.2) into the sealed 4-mL vials. A standard containing 11.5 ug per sample
glutaraldehyde was prepared by injecting 50 pL of 0.23 mg/mL glutaraldehyde into a vial
containing 2.0 mL of analytical standard preparation solution.

(ddibnaldata, 1997). A standard contahing 115 pg per sampk @pproxin athg the 10-ppb SIS)
was prepared by hictng 50 pL of 023 mg/mL ghtambehyde nto a val contahing 20 mL of
analtial standard preparaton soliton. A standard contahing 391 pg per sampk  @Eoproxin athg
the 2-ppb ITS) was prepared by hipctihg 17.0 pl of 023 mg/m L glitamtehyde nto a valcontahing
20 mL of analtial standard prepamton soliton.

Prepare a sufficient number of standards to generate a calibration curve. Analytical
standard concentrations should bracket sample concentrations.

Sample preparation

3.4.1

3.4.2

3.4.3

Analysis

3.51

Open the air monitoring cassette and remove the front coated filter. Fold this filter in half,
twice (resulting in a quarter circle) and place it in a 4-mL glass vial. Remove the backup
fitter, fold it in a similar manner as the front filter and place it in a separate 4-mL glass vial.
Do not wad or crumple the filters.

(ddinal data, 1997). Dicard the OSF (if present) h a contaher desgnated for contam hated
waste.

Add 2.0 mL of acetonitrile to each vial.

Seal the vials with Teflon-lined septum caps and place them on the tube rotator. Set the
rotation speed to 60 rpm and allow them to extract for 1 h.

HPLC conditions

column: DuPont Zorbax CN, 25-cm x 4.6-mm i.d. (PN 850952-705)
mobile phase: 55% acetonitrile in water containing 0.1% phosphoric acid (v/v/v)
flow rate: 1 mL/min

injection volume: 10 L

UV detector: 365 nm

retention time: 5.9 min

(Addibnal data, 1997). The Plowhg alematie conditons were devebped. The Restek colmn
provides som ewhatbetter resoliton of the ghitarabehyde deriatie fiom the sam pkrm atrik than does
ether the Zorbax, or a Bakerbond CN colmn.
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3.5.2

3.5.3

3.54

colmn:

mcbike phase:
fow mte:

Tcton wolme:

UV detector:
wtenton tne:

1

Fe Spoase nt)

Restek Pimnack TO-11 (G-pm), 25-am
9172575)

x 46-mm id., Cat@bg no.

62% acetonirie h water contahhg 01% phosphort acd v/ v/v)

1 mL/mn
20 L
355 nm
90 mi

oo

DRPH

Glctaraioeryde

Thmne {min)

Fogue 351. Gltambehyde chrom atogram
ushg the alematie condions.
Use a suitable method such as electronic integration to measure detector response.

Use an external standard procedure to prepare a calibration curve with several standard
solutions of different concentrations. Prepare the calibration curve daily. Program the
integrator to report results in ug per sample

Make sure that sample concentrations are bracketed with standards as stated in Section

3.3.5.

11 of 36

T-64-FV-01-9801-M



3.6

3.7

3.8

Interferences (analytical)

3.6.1

3.6.2

3.6.3

Any compound having a similar retention time as the glutaraldehyde-bis-DNPH derivative
is a potential analytical interference.

HPLC parameters (mobile phase composition, column, etc.) may be changed to circumvent
interferences.

Retention time on a single column is not proof of chemical identity. Analysis using an
alternate HPLC column, detection at another wavelength, comparison of absorbance
response ratios and structure determination by mass spectrometry are additional means
of identification. (See Figure 6.11 for a UV spectrum of the derivative)

Calculations

3.71

3.7.2

3.7.3

3.74

Results are obtained by use of calibration curves. Calibration curves are prepared by
plotting detector response against concentration in ug per sample for each standard. The
best line through the data points is determined by curve fitting.

The concentration in ug per sample for a particular sample is determined by comparing its
detector response to the calibration curve. If glutaraldehyde is found on the backup filter,
it is added to the amount found on the front filter. This total amount is then corrected by
subtracting the total amount (if any) found on the blank.

The glutaraldehyde air concentration can be expressed using the following equation:

mg/m® = A/B

where A =g per sample from Section 3.7.2
B = liters of air sampled

The following equation can be used to convert glutaraldehyde results in mg/m?® to ppm at
25°C and 760 mm Hg:

ppm = (mg/m?)(24.46)/(100.12)
where mg/m?® = result from Section 3.7.3

24 .46 = molar volume at 760 mm Hg and 25°C
100.12 = molecular weight of glutaraldehyde

Safety precautions (analytical)

3.8.1

3.8.2

3.8.3

Avoid skin contact and inhalation of all chemicals.
Restrict the use of all chemicals to a fume hood.

Wear safety glasses and a lab coat in all lab areas.
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4. Backup Data

4.1

4.2

Detection limit of the analytical procedure

The injection size recommended in the N — e
analytical procedure (10 pL) was used to
determine the detection limit of the analytical
procedure. The detection limit of the analytical
procedure was 1.31 ng per injection. This was
the amount of glutaraldehyde which gave a
peak sufficiently large to permit its visual
detection in the presence of potentially
interfering peaks in a sample chromatogram. 52
This detection limit was determined by the

analysis of a standard containing 0.131 ug/mL

glutaraldehyde. Figure 4.1 is a chromatogram

of the detection limit of the analytical procedure 51 — T T

DMNPH

53

RespoIse {1

G uimaderyde

produced using the Restek TO-11 LC column ol + g 12
and the 62% acetonitrile in water containing Time (M)
0.1% phosphoric acid mobile phase described Figure 4.1. The detection
in Section 3.5.1. e .

limit of the analytical
Detection limit of the overall procedure and procedure.

reliable quantitation limit data

The injection size recommended in the analytical procedure (10 yL) was used in the determination
of the detection limit of the overall procedure and in the determination of the reliable quantitation
limit. Samples were prepared by injecting 50 pL of a solution containing 5.36 ug/mL glutaraldehyde
(50 pL x 5.36 pg/mL = 0.268 pg) onto each of 6 coated glass-fiber filters. This is the amount of
analyte that when extracted with 2.0 mL acetonitrile resulted in a solution with a concentration
similar to the solution that was used to determine the detection limit of the analytical procedure
(0.131 pg/mL). The amount of glutaraldehyde spiked on the coated filters included any amount that
was expected to be lost because of incomplete extraction. The spiked filters were placed in
separate 4-mL glass vials, stored at room temperature in the dark and then analyzed the next day.
Since the glutaraldehyde recoveries were near 100% and the precision was better than +25%, the
detection limit of the overall procedure and the reliable quantitation limit were 0.268 ug per sample
(4.4 ppb or 18 ug/m?®).

Table 4.2
Data for Detection Limit of the
Overall Procedure and the Reliable Quantitation Limit

sample number theo amt (ug) amt recovered (ug) recovery (%)
1 0.268 0.269 100.4
2 0.268 0.257 95.9
3 0.268 0.228 85.1
4 0.268 0.284 106.0
5 0.268 0.260 97.0
6 0.268 0.266 99.3
X 0.261 97.3
SD 6.9
1.96xSD 13.5
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4.3  Precision (analytical method only)

The precision of the analytical method was evaluated by performing multiple injections of analytical
standards at 0.5, 1, and 2 times the TLV target concentration.

Table 4.3
Glutaraldehyde Precision Data
x target concn 0.5% 1% 2%
(ug per sample) 6.0 12.0 24.0
676428 1249968 2510938
633559 1241804 2496676
635204 1268634 2468907
644284 1213801 2550920
682320 1250483 2512370
657713 1301514 2534457
X 654918 1254367 2512378
SD 20877 29204 28675
Ccv 0.0319 0.0233 0.0114

pooled CV 0.024

4.4 Instrument response to the analyte

The experimental data in Table 4.3 are presented

graphically in Figure 4.4. This figure is a calibration
curve over the concentration range of 0.5 to 2 times
the TLV target concentration. The instrument
response was linear over this range. et

Slcpe of Lire « 103427 Area CORRis £21 g E21 S2mEle

4.5 Breakthrough data

Breakthrough studies were performed with the 1e’
recommended collection device by sampling
controlled test atmospheres containing
glutaraldehyde in air. The average glutaraldehyde

Amea Conk
TN SR NN TN [N TR TR SO SR [ N S N

i+ T

inlet concentration was 0.4 ppm and the average
relative humidity was 66% at 30 °C. The sampling
rate was 1 L/min. Five-percent breakthrough o
occurred after sampling for 171 min. At the end of Figure 4.4. Glutaraldehyde calibration curve.
this time, 171 L of air had been sampled and 256 ug of glutaraldehyde had been collected. The
breakthrough concentration for each sample was calculated by dividing the amount of
glutaraldehyde found on the backup filter by the volume of air sampled. Percent breakthrough was
calculated by dividing the breakthrough concentration by the inlet concentration and multiplying by
100. Five-percent breakthrough was defined as the point at which the amount of glutaraldehyde that
was collected on the coated-backup filter was equivalent to 5% of the inlet concentration.

=]

10 o

Micrograms of Ghotar ald ey de per Sample

Table 4.5
Glutaraldehyde Breakthrough Data

air volume (L)  breakthrough (%) air volume (L)  breakthrough (%)

18.1 0.0 105.7 0.0
30.6 0.0 120.0 0.0
51.6 0.0 148.9 1.6
59.6 0.0 155.1 1.2
76.5 0.0 194.0 9.3
98.9 0.0

4.6 Extraction efficiency and stability of extracted samples
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The extraction efficiency of glutaraldehyde from
DNPH-coated filters was determined by
injecting 55 pL of a solution containing 0.22
mg/mL glutaraldehyde onto each of 6 coated
filters. This amountis equivalentto 0.2 ppm for
a 15 min air sample. The filters were placed in
sealed 4-mL glass vials, stored at room
temperature in the dark and then analyzed the
next day. Following the initial analysis, the
samples were immediately resealed and then
reanalyzed about 16 h later using fresh
standards. The results of these studies are
presented in Table 4.6. The average

Table 4.6

Extraction Efficiency and Stability Data

extraction reanalysis 16-h
efficiency (%) later (%)
98.3 102.0
103.0 104.0
101.0 103.0
105.0 105.0
96.0 99.3
97.1 96.0
X 100.1 101.6

reanalysis of the extracted samples was 101.6% of the original analysis.

4.7 Storage data
Storage samples were generated by sampling a controlled test atmosphere containing 0.2 ppm
glutaraldehyde for 15 min at 1 L/min. The relative humidity of the sampled air was 72% at 31 °C.
The samples were stored in the dark either at ambient temperature or at -20°C. The results of the
storage test are presented in Table 4.7 and are shown graphically in Figures 4.7.1 and 4.7.2.
Table 4.7
Storage Data
time (days) ambient recovery (%) time (days) refrigerated recovery (%)

0 103.0 102.0 105.0 0 99.0 95.0 99.6

3 107.0 98.8 103.0 2 99.2 95.2 96.9

6 106.0 98.8 98.3 6 97.3 111.0 98.3

10 105.0 97.9 108.0 9 97.7 99.5 97.3

13 100.0 102.0 102.0 13 102.0 93.1 97.2

17 102.0 105.0 109.0 16 97.3 93.0 98.8
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storage test. storage test.
4.8 Reproducibility data
Reproducibility samples were generated by sampling a controlled test atmosphere containing 0.2
ppm glutaraldehyde in air for 15 min at 1 L/min. The relative humidity of the sampled air was 76%
at29 °C. The samples and a draft copy of this evaluation were given to a chemist unassociated with
this evaluation. The samples were analyzed immediately after generation. No individual sample
deviated from its theoretical value by more than the precision (+12%) at the 95% confidence level
for the 17-day storage test. (Section 4.7)
Table 4.8
Reproducibility Results
sample no. theoretical amount (ug)  analytical result (ug) recovery (%)
1 11.2 12.1 108.0
2 12.8 13.5 105.5
3 11.6 11.8 101.7
4 11.8 11.9 100.8
5 12.4 12.4 100.0
6 11.6 11.4 98.3
4.9 Generation of controlled test atmospheres

The controlled test atmospheres which were used in this evaluation were generated by pumping a
glutaraldehyde/water solution into a heated glass manifold with a Sage Instruments Model 355
Syringe Pump. The glutaraldehyde/water solution was volatilized and then diluted with heated air.
The dilution air was metered into the heated glass manifold using a precision, calibrated rotameter.
The dilution air was humidified, if desired, by passing it through a water bubbler prior to its entering
the heated glass manifold. The water bubbler was contained in a temperature-controlled water bath.
The relative humidity of the dilution air could be varied by changing the temperature of the water
bath. If dry dilution air was required, the water bubbler was not used. The relative humidity of the
test atmosphere was monitored, after mixing, with a YSI Model 91 Dew Point Hygrometer. The test
atmosphere passed through a manifold from which samples could be collected.

The glutaraldehyde concentration of the test atmosphere was adjusted to the desired level by
varying the aldehyde concentration of the glutaraldehyde/water solution.

The theoretical glutaraldehyde concentrations of the test atmospheres were calculated using the

concentration of the glutaraldehyde/water solution, the flow rate of the syringe pump, and the
volume of the dilution air. The actual concentration of a controlled test atmosphere, theoretically
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4.10

containing 0.78 mg/m?® glutaraldehyde, was determined by sampling the atmosphere using the
following sampling and analytical techniques:

l. Direct collection on XAD-4 adsorbent. Immediate desorption and GC analysis using a
photoionization detector.

Il. Collection using two DNPH impingers connected in series. Analysis by HPLC using a UV
detector.

[I. Collection on DNPH coated XAD-2 adsorbent. Immediate desorption and analysis by
HPLC using a UV detector.

V. Collection and analysis using the recommended method.

Two samples were collected using each technique and the results of this study are presented in
Table 4.9.

Table 4.9
Determination of the Concentration of a Controlled
Test Atmosphere by Comparative Sampling and Analysis

technique analytical results (mg/m?) percent of
1 2 ave theoretical

| 0.650 0.642 0.646 82.8

Il 0.633 0.656 0.645 82.6

1] 0.641 0.632 0.637 81.6

v 0.704 0.654 0.679 87.1

The average of all of the samples was 83.5% of the calculated theoretical amount. There was no
breakthrough observed in any of the samples.

The difference between theoretical and actual concentrations of the test atmospheres may be the
result of partial decomposition of glutaraldehyde in the heated volatilization manifold of the
generation apparatus.

Actual concentrations of controlled test atmospheres, which were used in this evaluation, were
determined by multiplying the theoretical volumetric concentrations by 83.5%.

@dditonal data, 1997). Test atm ogcheres were prepared t© colect sampks for the additonal evaliaton data
ushg an all ghss vapor genemtbn systam . The atmoscheres were generated by pumphg a solitbn of
gltaratehyde/m ethanol wih an BCO Model 100DM syrnge pump hto a heated ghss maniod where i
evaporated o a heated dilitbn atr stream . The dilutbn air was generated ushg a Miler-Nekon Research,
NC Model 401 Fbow Temperature Hum diy Control System . The rhtie hun Uiy and temperature of the test
atm ospheres was moniored ushg an EG&G Model 911 DEW-ALL Dgial Hum diy Analyzer.

T was necessary to dilite ghitarmbehyde wih methanol h order to quanttatiely generate atm oscheres at the
2-pcb ITS and 10-ppb STS. Use of aqueous solitons of glhitambehyde t© generate test atm ospheres gave
unacoeptably bw resuls.

Procedure to determine glutaraldehyde by acid titration (Ref. 5.6)

4.10.1 Apparatus

Miscellaneous glassware. Fifty-mL burette, 250-mL Erlenmeyer flasks, 1-L volumetric
flasks, pipets, etc.

4.10.2 Reagents
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4.10.3

a) Sodium sulfite, anhydrous. Prepare a 0.1 M solution by dissolving 12.6 g of the salt
in 1 L of deionized water.

b) Hydrochloric acid, reagent grade. Prepare a 0.1 N solution by diluting 7.9 mL of 38%
HCI to 1 L with deionized water.

c) Thymolphthalein indicator. Prepare a 0.1% solution in ethanol.
d) Methyl orange indicator. Prepare a 0.1% solution in ethanol.
e) Sodium carbonate, ACS primary standard grade.

Procedure

Standardize the 0.1 N HCI solution using sodium carbonate and methyl orange indicator.
A complete procedure for the standardization is presented in Ref. 5.5.

Place 50 mL of 0.1 M sodium sulfite and three drops of thymolphthalein indicator into a
250-mL Erlenmeyer flask. Titrate the contents of the flask to a colorless end-point with 0.1
N HCI (usually one or two drops is sufficient). Transfer 0.50 mL of the nominal 25%
glutaraldehyde/water solution (Section 3.2.4) into the same flask and titrate the mixture with
0.1 N HCI, again, to a colorless endpoint. The glutaraldehyde concentration of the solution
may be calculated by the following equation:

Glutaraldehyde, mg/mL = (acid titer x acid normality x 50.06)/mL of sample

This method is based on the quantitative liberation of sodium hydroxide when
glutaraldehyde reacts with sodium sulfite to form the glutaraldehyde-bisulfite addition
product. The volume of sample may be varied depending on the glutaraldehyde content
but the solution to be titrated must contain excess sodium sulfite. Glutaraldehyde solutions
containing substantial amounts of acid or base must be neutralized before analysis.

4.11 Procedure to coat glass-fiber filters with DNPH/phosphoric acid and assembly of the sampling

device

4111

4.11.2

Apparatus
a) Hotplate

b) Miscellaneous glassware: 250-mL volumetric flask, 30-, 50-, and 150-mL beakers,
pipets, etc.

c) Plastic air monitoring cassettes, for 37-mm diameter filters. Unassembled 3-piece
cassettes and extra center support sections were obtained from Gelman Sciences for
use in this evaluation.

Reagents

a) Acetonitrile and toluene. American Burdick and Jackson HPLC grade acetonitrile and
Fisher Scientific Optima grade toluene were used in this evaluation.

b) 2,4-Dinitrophenylhydrazine (DNPH). DNPH (70%) Lot No. 1707 LJ, obtained from
Aldrich Chemical Company, was recrystallized from hot acetonitrile for use in this
evaluation.

c) Glass-fiberfilters, 37-mm diameter Gelman Sciences Type A glass-fiber filters, Lot No.
8318, were used in this evaluation.
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d)

Phosphoric acid, reagent grade. "Baker analyzed" Reagent grade 85% phosphoric
acid was used in this evaluation.

DNPH/phosphoric acid solution. Prepare this solution by diluting 1 g of recrystallized
DNPH and 5 mL of 85% phosphoric acid to 250 mL with acetonitrile. Allow this solution
to stand 2-3 days before use or be certain all the DNPH is in solution. This will help
prevent filters with a mottled appearance.

@dditonaldata, 1997). N- (,3-dnethybuty)-N"phenytp -phenyknedim he. Thi reagent
was dotahed from Fkxsys Amerta LP. 60 Springstle Drie, Akron, OH 44333, and shoul e
purifed by vacuum distilation before use. Prepare a soliton contahng 15 mg/m L of vacuum
distiled magent h tolene.

The olbwihg & quoted (vih pem Bsbn) friom nfom aton provided by Fexsys Ref. 7.9):

Gutelhes for Recrysalizhg Santofex 6PPD (N- (1,3-dmethybuty)- N-phenytp
phenykenedem he)

The general process for purifyhg and recnystallzhg Santofex 6PPD & by vacuum ditilaton.
Handihg of the recrystallized material shoud be done under an nert atmosphere t© prevent
oxtaton through contact wih oxygen 1 the atm osphere.

Eoquiment

e Ckan ghss dstlltbn equiment & preferred.

e Use Tefbn fitthgs or other at tight fittihgs.

e DO NOT USE ground ghss pits.

e DO NOT USE pit greases, espechlly siicone greases.

e The distlaton colmn needs only 2 or 3 theoretal phtes.

e Need the capability to change out receiving vessek quickly to sepamate the forecut from the
m i cut.

General Procedure

e Pour the sampk of Santoflex 6PPD hto the dstilaton fhsk.

e Connect and secure the dstilaton colmn and receiving fhsks.

e Flish the system wih dry nirogen to purge any oxygen h the systam .

¢ Cbse the systam, begh heating the sampk ushg a heathg mante. Do notuse a fhme, as
this can create hot spots and degrade the sampk.

* Aopk a vacuum . Santofex 6PPD has the folbwihg vaporpressures at the tem peratures gien:

Tabk 4112
Vapor Pressure of Santofex 6PPD
wmp (C) VapOor pressure
(Tom)
162 0064
180 025
200 10
227 40

e Once Santofex 6PPD beghns to boi, albw a small porton of materal to  colect 1 the
receiing fhsk as a forecut. This willcontah some Santofex 6PPD as well unreacted 4ADPA
and ketones am ong other Ipht m aterak.

¢ You should colect no more than 5-10% of the starthg materal h the  forecut.

¢ Change out the receving fhsk after the forecut. ¥ the vacuum sealmust be broken contiue
heating, but purge the system wih nirogen whik the flsk 8 behg rephoed. Be sure the new
fhsk & purged wih nirogen before resealng and eappl the vacuum .
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e Contiue to colect distiled materal 1 the new fhsk. Colectabout 50-75% of the starthg
materal volme h the rceiving fhsk.

¢ Disconthue heatihg. Albw nirogen to fill the distilaton equiom ent.

e Whik stilwam , Santoflx 6PPD can be transfered to a sampk bottke. Kesp under niorogen
atalltmes.

¢ Distled Santoflex 6PPD may appear water whie ormay have a slght phk-pumpk cast to i.
T shoul be Iphter hh cobr than the starthg materal. Once oxygen comes 1 contact wih
distdled m ateri], Santofex 6PPD quikly dscobrs to a dark purpk t© brown/purpk. Oxtlzed
6PPD has an htense cobr. Ewen small concentratins f(oob) gratly affect the visual
appearance, but does not affect the perform ance. Oxdzation by- products of 6PPD are ako
antbxdants to some degree.

4.11.3 Procedure
(CAUTION! Evaporation of solvents must be performed in an exhaust hood.)

Place a glass-fiber filter on a 30-mL beaker, or some other suitable support, so that only
the outside edge of the filter is supported. Pipet 0.5 mL of the DNPH solution (Section
4.11.2.e) onto the surface of the filter. Make sure that the filter is completely saturated with
the solution. Allow the acetonitrile to evaporate for about 20 min. Place the coated filters
in a suitable container and allow them to dry overnight. Analyze a blank filter to determine
if there are any severe analytical interferences present. If a batch of filters is not suitable,
discard the reagents and the filters.

Prepared filters were tested for shelf-life by storing them in a tightly sealed container either
at ambient temperature or at -20 °C. Stored filters were used to periodically sample
controlled test atmospheres over a month. Sample results did not appear to be dependent
on filter storage temperature but prepared filters should be stored at reduced temperature
as a precaution against reagent decomposition. Filters prepared and stored as described
remain usable for at least a month.

Assemble the sampling device by placing a coated filter in the outlet section of the air
monitoring cassette. DO NOT USE BACK-UP PADS. Next, place a ring on the first filter.
Now, put another coated filter on the ring and another ring on top of that filter. Complete
the assembly by placing the inlet section on the ring. Plug the outlet and inlet openings with
plastic end plugs. An exploded view of the air sampler is shown in Figure 2.1.2. Put the
air sampler on a table top with the outlet section down. Press on the top of the air sampler
with sufficient force to seal the cassette. Use tape or shrink bands to further seal the two
rings and the outlet sections of the cassette. Store the assembled air sampler at reduced
temperature (if possible) when there is an appreciable time before it is to be used for
sampling.

@dditonaldata, 1997). Prepamtbn of ozone- scavengig fiter OSF). Phoe a ghss- foer fiter on
a 30-mL beaker, or some other sutabk support, so that onky the outste edge of the fiter
supported. Pppet 0.5 mL of the 15 mg/m L N- (1,3-din ethybuty])-N - phenyl p —phenyknedam ne
solitbn Gecton 41126 onto the surface of the fiter. Make sure that the fiter 5 compktely
saturated wih the soliton. Albw the toliene t© evaporate. Phce the coated filers 1 a suiabke
contaher and albw them to dry ovemiht. These fiters remahn useabk for at kast a month when
stored 1 a freezer.

@dditonal data, 1997). hoorpomaton of OSF hto afr sampkr. Refer to Fogure 21 3. The OSF &
posiined before the DNPH fiters, and separated fiom them wih a cassette ring, so that sampkd
alrpasses through the OSF before passihg through the DNPH fiters. Rem ove the cassette top secton
and phce an OSF on the ring. Phcoe another ring on top of the OSF, =phce the top section, and
sealthe sampkr. Use tape or shrink bands to further seal the three rings and bottom secton. Store
the assambkd sampkr 1 a freezer.
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6. Backup Data (Additnaldata, 1997)

61

62

Determ hatbn of detection I is

Detectbn In is, 1 general, are defined as the amount (or concentraton) of analte that gies a response (1)
that i sgnifrantly different (three standard deviatons (SDy,)) from the backgmound response ().

Yo, = Yoz = 3(Dg)

The measurament of ¥, and SD,; 1 chrom atographt methods 5 typraly hoonvenent and difftult because Yo,
5 usualy exttemely bw. Estinates of these parmm eters can be made wih data dotahed fiom the analyss of
a seres of analtial standards or sampks whose responses are 1 the vichiy of the background response.
The regressin cune obtahed for a pbt of histim ent response versus concentraton of analyte will usually be
Inear. Assum g SD,; and the precsin of the data about the curve are sin ihr, the standard enor of estimate
(SEE) for the regressibon curve can be substiuted for SD; h the above equaton. The folbwhg cakuhktons
derie a fomuh for DL:

Y, = dbserved response
Y Y )2 Y, = estinated response fiom regressn cune
Z( obs est)
SEE = ,| ——————— n = toalnumber of data ponts
n -k k= 2 for Inear rgressbn cure

Atpont Y on the rgressin cune
Yo = A(DL) + Ygp A = analtical sensihvity (sbpe)

therefore DL - (YDL ;YBR)

Substiuthg 3 SEE) + Yz for Y, gies

| . 3(SEE)
A

D

Detecton Iin t of the analytical procedure (DLAP)

21 of 36 T-64-FV-01-9801-M



The DIAP & measured as the mass of analte actually ntroduced hito the chrom atographt colmn. Ten
analytical standards were prepared 1 equal descending hcrem ents wih the highest standard contahihg 2715
ng/mL of gutarabehyde. Thi & the concentration that would produce a peak approxinately 10 tines the
background noke of a ragent blnk near the eliton tine of the analyte. These standards, and the ragent
bEnk, were analyzed wih the recomm ended analticalparam eters 20— L hrpction), and the data obtahed were
used o determ e the requied parameters @ and SEE) for the caktubton of the DIAP. Valies of 983 and
62 54 were dotathed for A and SEE respectiely. DIAP was cakubted to be 191 pg.

Tabk 62 Gooo * *
Detecton Lin i of the Analytical Procedure 1
aoncn mass on area counts ;z-sg:;f 5—:; &
(hg/m 1) ocolmn (og) (V=-s) g | |
0 0 0 2
2715 543 558 2
5430 1086 1078 8
m
8145 1629 1638 2 cooo L
10860 2172 2187
13575 2715 2222
16280 3256 3365
19005 3801 3788 o : :
21.720 434 4 4294 0 200 400 500
24 435 488.7 4688 M asmx (pg) njsced an Colimn
27150 5430 4672 . .
Fogure 62. Pbtof the data hh Tabk 62 t©

63

64

detem e the DIAP for ghitaratehyde.
Detecton Iin t of the overall procedure OIOP)

The DIOP & measured as mass per sampk and expressed as equiaknt air concentraton, based on the
recommended samplhg parameters. Ten sampkers were goked wih equal descendng herements of anakte,
such that the hghest sam pkr badihg was 3258 ng per sampk. Thi & the amount spked on a sampkr that
woul produce a peak approxinately 10 tines the background response for a sampk bhnk. These spiked
sampkrs, and a sampk bhnk, were analzed wih the reocommended analytical parameters, and the data
obtaned used t© cakubte the requied parameters @ and SEE) for the cakuktion of the DIOP. Valies of 90.7
and 499 24 were obtahed forA and SEE, respectiely. The DIOP was calubted to be 16 5 ng persampk STS:
013 pob or 055 pg/m?; LIS: 00083 peb or 0.034 1g/m*).

Tabk 63 40000 L
Detecton Lin it of the Overall Procedure
mass p(::;)sampb a:@(ivo_ozfts : N e i
0 1411 32

3258 4649 ‘:‘ o [
6516 7727 §
97.74 10163 =
13032 12788 10000 [
1629 15272
19548 18258
22806 22262 o — T . T ——T
260.04 24987 e oo i s 400
29322 27984 M s {ng ) par Sampie
3258 31460

Relebk quantiaton ln i RQL)
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determ e the DIOP for glitaratiehyde.
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The RQL 5 constered the bwer In it for precke 520
quantiatie measurements. E B determ hed fiom

the rmgressbn e pammeters dotahed for the -
cakuhktons of the DIOP (Secton 4 3) providihg at
East 75% of the analte 5 roowered. The RQL &
defned as the amount of anakte that gies a
response (%) such that

Slutmredande

RESpOISE )

Yeor, = Yag = 10 (D)

therefore

10(SEE) a 10 11 12
Thme {min)
Fogure 64. Chromatogram of the RQOL.
The RQL for giitmamabehyde was calubted to e 55.0
ng persampk STS: 044 pob orl 8 ug/m?); LIS: 0.02 pob or 011 pg/m?). The recowvery at this concentiation
B essentially 100%.

RQL =

65 Precison @naktical m ethod)
The prectson of the analyticalprocedure  measured as the pookd rehtie standard devaton RSD,). Rebtie
standard devations are detem hed fiom sk replcate hpctions of ghitarmtehyoe standards at05,0.75,1,15
and 2 tines the tamet concentratons. After assurng that the RSDs satisfy the Cochran test for hom ogenety
at the 95% confidence EBwel, RSD, was cakubted to be 068% and 083% for the bwer and hiher tamget
concentratbn, espectiely.
Tabk 651
Thstnmm ent response to Glitaratehyde at the 10-pob STS Concentration
x STS concn 05x 0.75% 1x 15x 2x
ng per sampk 669.06 89208 133812 178416 245322
area counts 72164 97542 140820 198141 256688
(V- s) 72959 98516 142396 197413 260312
72957 98393 142264 198674 261092
72557 97352 142768 198553 262649
73213 97366 142666 199091 263156
72470 96927 140382 199682 257912
X 72720 00 97682 67 14188267 198592 33 260301 50
SD 38847 632 37 101859 77959 257103
RSD 053 065 0.72 039 099
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Tabk 652
Thstnm ent response to Glimrbehyde at the 2—ppb LIS Concentration

x ITS concn 0.5x 0.75% 1x 1.5x 2x
ng per sampk 200718 289926 4014 36 5798 52 7805.7
area counts 215608 320355 432076 650472 885485
Giv-s) 218628 328115 432589 662534 887672
218996 326240 433613 664159 885390
218803 327149 438510 656494 879843
220680 327886 440416 657363 895223
217201 327600 434058 650118 875522
X 21831933 32622417 43521033 656856 67 88485583
SD 172985 2950 .68 3422 33 586716 67578
RSD 0.79 090 079 089 0.76

66

The Cochran test for hom ogenety:

largest RSD 2
RSDZ,, + RSDZ, + RSD2 + RSD?Z,, + RSD2

The critcal vale of the g —statist, at the 95% confdence Bwel, for fie varances, each assochted wih sk
observatons 5 05065. The g -statstcs are 04164 and 02363 for the 10-ppb SIS and 2-prb LIS
concentratons respectiely. Because the g —statitics do not exceed the critcal valle, the RSDs can be
constlered hom ogenous and they can be pookd RSD,) to gie an estinated

g:

5(RSDZs, + RSDZ,5, + RSDZ + RSD?Z,, + RSD2)
5+5+5+5+5

RSD; -

The RSD;)s are 0.69% and 083% for the 10-pob STS and 2-ppb LIS concentratbns respectiely.
Precsbn (overll procedure)

The precisn of the overall procedure I determ hied fiom  the storage data 1 Secton 6.7. The determ haton
of the standard ernor of estinate (SEE;) for a mgressbn Ine pbtted through the graphed storage data albws
the nclisbn of stormage tine as one of the factors affectng overall precsbn. The SEE, & sinibr o the
standard deviatin, except i B a measure of the dispersion of data about a regressbn e hstead of about
amean. I 5 determ hed wih the lbwihg equaton:

Y, = cbserned % mcovery at a gien tine
2 Y . = estinated $ recowery fiom the regressn Ihe at the same gien
Z(Yobs B Yest) tine
n-k n = oalnumber of data ponts
k= 2 for Ihear regressin

SEE, -

k = 3 for quadattc regressbn

An addibnal 5% for pump enor (SP) & added to the SEE; by the addion of varinces to chtan the total
standard enor of the estin ate.

SEE = |(SEEg)? + (SP)?

The precsbn at the 95% confidence el 5 cbtaned by multipling the standard enor of estinate fvih pump
enor hiclided) by 1.96 (the z —statstc fiom the standard nom al distroution at the 95% confdence Ewel).
The 95% confidence htervak are drawn about thelr respectie regressin Ines 1 the stomage graphs, as shown
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I Foures 6.71 a through 6.72Db. The precikins of the overall procedure are 12.9% and 134% for 10-peb
STS rfigerated sampks and for 2-ppb LIS refrgerated sampks respectiely.

6.7 Storage tests

671

Storage test for 10-pob STS

Storage sampks were generated by colecthg sampks for 15 mn at 2 I/mn friom a 10-ppb
glhtambehyde test atmosphere. The test atmospherr was generated by pumphg a soliton of
gltammbehyde 1 methanol hito a heated m anifod where it evaporated nito a heated atr steam . The
rehtie hun diy was 70% at 23 °C. Thity-eght storage sam pks were prepared. Efht sam pks were
analzed mm edately affer generaton, fiffteen sam pks were stored at reduced tem perature @ °C), and
the other fifteen were stored 1 the dark at ambent tem perature @bout 22 °C). At three t© fie day
Tternak, three sampks were sekcted fiom each of the two sets and analzed.

Tabk 6.71
Storage Test or 10-pob STS
tne am bEnt storage refrfgerated storage
(cays) eoowy (3) recovery (%)
0 1000 1090 108 5 1000 1090 108 5
1082 1069 1050 1082 1069 1050
1049 1042 1049 1042
5 993 973 953 920 1006 1038
8 916 984 942 903 1001 974
12 884 9% 6 884 1003 992 982
15 906 880 863 996 1002 979
19 8538 849 869 1019 1003 1012
A Ul R S DA i A s U s L PR 2 W i g o . . L
-\- -_L 0
15 5 [ BT i —— i
20 —\:- 20+ 2 o -
g | & ]
= apd L = apd L
] 1 ] 1
& [ &
4 =t Stolage Tes et 10-gpE 3T 3 4 Safigarated Sorage Tes m 1C-got STS
30 :'1 1'3_3;'1':5 - 30 ¥ =031k 104 -
] .5‘; Conflgerce nieiva = 21 9EETE) = 2113 F : ;‘;‘: '-::j:l!‘l:l! rtelval = 3156706 56 = 312.9
o T T T T o T T T T
o 3 10 15 2o o 3 10 15 2o
Storage Tme (Ceys) Stormpe Tas: (Duysi
Fogure 6.71a. Anbent storage test for 10- Fogure 6.71b. Refrgerated storage test for
b STS. 10-pcb STS.

Tspecton of the ambEnt storage graph shows that the storage bss was 21% durhg the 19-day test
perbd. OME Method Evaliaton Gubkelhes requie that efforts be made to mprowe the samplng
method I storage bss & greater than 10% so that restrictons do not have © be phced on sampk
storage tin e before analss, oron sampk storage temperature. Such attem pts were made: sampkr
treatments (h additon t© DNPH and phosphortc actl) wih ascorbi acd or wih apha - tocopherol
Viam s C and E); and wih dethyl phthabte abne, and hh combhaton wih 4- tert -butylkatechol
(IRC). Viam 1ns C and E were sekcted because it was thought that the dosernved hstabilty could be
caused by oxtatbn, TBC was tested because i has been shown to mprove storage stabilty of other
analtes, and dethyl phthakte was used t© mtah TBC on the samplhg medim . None of these
addional treatm ents I proved storage stabilty, 11 fact the presence of Viam s C and E resuled 1
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120

Reciwe Iy &)

even mor hstabilty. I was dectled, consterng that the bss was Ess than 25%, to conthue t©
utilze the establshed samplng medim 1 the hterests of method consstency. The storage bss B
only 6% when sampks are stored at 4 °C therefore, sampks suspected of contahing bw kEwek of
gltamBehyde (such as 10-pob STS) shoud be shipped 1 an hsubted contaher ushig Ble be™ (or
equiaknt) by ovempht deliery sewie (FedEx, or equiaknt).

90—
80—

30+

6.2 Storage test for 2-ppb LIS
The recommended samplng tine for ITS & 4 hours. This samplhg tine & excessie for Boomatory
use because only fie sampks can be colected sinultanecusly wih the equipment avaibbk.
Therefore, sampks were colected fiom a more concentrated test atm osphere for a r=duced tine 1
ower to provie approxmately the same mass that woull have been colected had a 2-ppb
atm ogphere been sampkd or 4 hours at 2 I/m h. Forty sampks were colected by samplng a test
atm osphere contanihg 10 4 pob glhitambehyde or45mn at2 I/mh. The rehtie hun diy was 73%
at 22°C. Ten sampks were analyzed nmedbtely after generatin, fiffteen tubes were stored at
reduced temperature (@ °C) and the other fiffteen were stored 1 the dark at ambent tem perature
@bout 22 °C). At 2-5 day nternalk, three sampks were sekcted from each of the two sets and
analyzed.
Tabk 6.72
Storage Test for 2-pob ITS
tne am bEnt storage refrgeated storage
(Cays) eoowy (3) recovery (%)
0 1033 991 1006 1033 991 1006
1008 1000 1000 1008 1000 1000
1000 984 993 1000 984 993
9% 2 9% 2
4 1069 1018 1023 1059 1179 1019
7 105.7 1052 943 100.7 104.7 950
11 1065 1017 985 1031 1055 1040
14 979 995 883 1112 1039 982
19 1059 946 928 1091 1024 1033
1 1 1 1.;': 1 3 1 1 1
L) = F
T i @ o o I =] o 1
] o a L o i T
ins : — b L : :
. L
=0 -
=
-
&
o
&
Amper: Siorage at 2-pEo LTS 40 Ratigerased Siorage &1 Z-opo LTS r
= 0 1SEX = 101 | Y= 0ISEX=10
EE=5.T1 SEE= G651
5% Cortiderce Irte val = 3(1.9€E.71) = 313.2 [ 5% Confidence LIMS = 201 9505 53 = 2134
T T T o T T T T
5 10 15 0 =} = 10 15 0
Srormge Thme joays) Sxorape Thme oy s)

Foure 6.72a. Mmbent storage test for 2-ppb Foure 6.7 2 b. Refrperated storage test for 2

LIS,

6.13

b LIS.
Pobreviated storage test for 2-peb LTS
An abbrevated storage test was conducted at the 2-ppeb LIS by colecting a Inied number of

sampks at 2 I/mn from a 1 .9-ppb test atm ogohere for the fiill four-hour rcomm ended sam plng
tme. This test was performed to determ he if there was a difference 1 storage stability between ITS
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colected fora r=duced tine and sampks colected for the ull tine. Twenty sampks were colected
ower four consecutie days. The average rehtie hum diy of the test atm ospheres was 76% at 24 °C.
Eght sam pks were analyzed on the day they were colected, sk were stored at approxin ately 22 °C
and sk were stored at 4 °C. Sk of the stored sampks, three ambent and three refrigerated, were
analzed ether eght or ten days folbwihg colectbn and the fnal sik were analzed ether eghteen
or wenty days after colecton.

Tabk 6.73
Adorevated Storage Test for 2-ppb LTS
tne am bEnt storage tne refrgeated storage
©ays) rorly () ©ays) eowry ()
0 966 95.7 9538 0 966 95.7 9538
942 870 945 942 870 945
917 895 917 895
8 862 862 832 10 934 908 913
18 909 879 829 20 963 966 950
120 L L L L L 1 L L 120 1 1
e wa—e g | 1 .
o s} ©{E : -
——___,"_‘__‘_‘__‘*‘_‘_ ]
= 7 -
g 0 A g 0 A
g ] g ]
[ T [ T
b Amklant Sicrage iacbiayietied ) 8t 2pgb LTS b Ratrigeimad Stcrage (aoorevimted & Z-ppk LTS
b ¥ o= -C.ZECH = S4L3 b ¥ om0 491X = 227
30 SEE-533 r e e L
T S5% Centlgerce Limis = 31.96(E.25] = 3154 T S5% Contlgerce Limis = 31.96(E.50] = 311.4
o — T — o — T —
5 15 5 15
Storag= Time Daysi Storag= Time Daysi
Foure 6.73a. Ambent storage test Foure 6.73b. Refrgerated storage test
@dorevated) for 2-pob ITS. @dorevated) for 2-ppb IIS.

68 Reproduchbiliy
681 Reproduchilty for 10-peb STS

Sk sampks were prepared by samping fiom a test atm osphere contanng 104 pob glitara behyde
forl15mn at2 I/m . The mhte hun diy was 82% at 22 °C. The sampks were subm ited to SIIC
foranalss. The sampks were analzed after beng stored for 10 days at 4 °C. Sampk resuls were
conected for extraction effcency. No sampk resulthad a deviaton greater than the precision of the
overall procedure determ ied 1 Secton 6.6, whith was 12 .9%.

Tabk 681
Reproduchility Data for 10-gob STS

sampk exoected  reported ecowry  devBaton

(o) o) ®) &)
1 104 103 990 -10
2 104 105 1010 +10
3 104 102 981 -19
4 104 101 971 -29
5 104 104 1000 00
6 104 9.7 933 -6.7
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682

Reproduchility for 2-pcb LTS

The recommended samplng tine or ITS & 4 hours. Thi samplhg tine & excessie for Boomatory
use because only fie sampks can be colected sinulanecusly wih the equiment avaibbk.
Therefore, reproduchilty sampks were colected from a more concentrated test atm osphere for a
reduced tine 1 oer t© provide approxim ately the same mass that woull have been colected had
a 2-ppb atm osphere been sampkd for 4 hours at 2 I/mh. Sk sampks were colected by samplhg
a test atm ogphere contahing 9.6 ppb ghtamBehyde for 45 mh at 2 I/mn. The rehtie hun diy
was 71% at 23°C. The sampks were suom fted to SIIC for anakss. The sampks were analzed
affer beng stored for 3 days at 4°C. Sampk resuls were corected for exttacton effcency. No
sampk result had a devaton greater than the precsbn of the overall procedure determ hed h
Sectbn 6.6, whith was +134%.

Tabk 682
Reproduchilty Data at Mass Equiaknt for 2-pdb LTS
sampk expected reported 1ecovery devaton
mass (9) mass (g) &) &)
1 3916 3718 949 51
2 3728 3526 96 -54
3 3547 3280 925 -75
4 3486 3250 932 -6383
5 3905 3890 996 -04
6 3517 3350 952 -43

69 Sam pkr capacty and addibnal tests

691

Sam pkr capacty

The capacty of the sampkr for ghitarmtehyde was determ hed at 400 ppb 1 the orghal evaliaton
of Method 64. The breakthrugh concentraton was cakubted by dividng the amount of
glitarmtehyde found on the backup fiter by the air volme sampkd. Percent breakthrough was
cakubted by dividing the breakthrough concentration by the hkt concentration, and multplying by
100. These tests were performed at 66% rhtie hun diy at 30°C. Fie-percent breakthrough
occured after samphg for 171 mn at 1 I/m 1, and the capacty of the samplkr was 256 pg of
glitamtehyde.

Addibnal sam pkr capacty tests were perform ed for this work. Breakthrough BT) tem s were defined
as abowe. These tests were performed at approxinately 10-pob gltamtehyde, and 81% whte
hum dity at 22 °C. The test atm ogphere was sampkd at 2 I/m h ushg the recomm ended two— secton
sampkrs. Fie-percent breakthrough was never attahed. The sampk wih the hrgest air volme,
728 1, had about 31 g of glitaratehyde whith & wellbebw the 256-11g capacty determ hed 1 the
orghal evaliaton. The rmcommended sampkr has more than suffcent capacty © monior the
2-ppb IIS.
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Bmakthrough of Glitaratehyde Colected on Ghss Fher Fiters
Coated Wih DNPH and Phosphoric Ac

Tabk 691

test arwol BT concn ikt concn BT
no. o hg/L) hg/L) &)
1 1370 0095 42 82 022
2475 0055 013
3992 0095 022
4891 026 061
06228 0.78 182
2 3950 0.0025 42 82 001
484 5 0.00 0.00
5074 0085 020
6820 011 026
6756 0068 016
3 5300 0093 42715 022
6205 0080 019
06433 0074 017
7223 0082 019
7281 0076 018
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692 Additonal tests

Addibnal testhg of the samping method was conducted at bw wmhtie hum diy (Secton 692 a),
at 1-I/mh samplhg mte Secton 692b), and at 5-mn samplhg tines (Sectbn 692 c). The
resuts for the addional testihg are presented as the percent atb of average resuts foreach tested
conditon. For exampk, the percent atb of the average of the sampks colected at bw hum iy to
the average of sampks colected at high hum Uity was 1021. The effects of ozone, a reported
negatie hterference for formatehyde colected on DNPH-treated sifca gel, were tested (Sectbn
692d). Sampk resuls dotahed ushg cpen-face sampkrs were compard to resulks fiom
s utanecusly colected cbsed-face sampks (Sectbn 692 £).

a) Hum diy effect

The hum iy study was perform ed by colecting sampks ata set hum iy, changhg the hum diy,
and then colecting addibnal sampks as soon as the hum diy stabilved. Two studes were
perform ed: one study at high hum ity of 77% and 23°C and at bw hum dity of 27% at 23°C (un
1); the other study at hiph hum dity of 93% at 22°C and at bw hum diy of 29% and 22°C (un
2). Both tests were performed at about 10-pob ghtarabiehyde, 2 I/mh samplhg mte, and
15-m 1 samplhg tne.

Tebk 692 a
Hum ity Effect
nn no. resuts at bw resuls at hoh percent |mth
hun 8y g/L) ~ hum 8y hg/L)  (bw RH/hoh RH)
1 44 93 44777 1004
2 3859 3717 1038
X 1021

b) Samplhg mte effect

The samplng @ate study was perform ed by sin utaneousl colecting sampks at ether 2 orat 1
I/mh. Fie hdiiual tests were performed: 2 tests at about 5-ppb, and 3 at about 9-pdb
ghtarmbehyde. The average rehtve hun diy was 70% at 24 °C

Tabk 692Db
Sam plhg Rate Effect
mn no. resuksatl-I/mih resuks at2-I/mh percent @mto
/L) bhg/1) (-I/m 1/2-1/m )
1 21384 2130 1025
2 2086 2158 96.7
3 3764 3804 989
4 3640 3715 980
5 42 32 4593 921
X 976

One experment was performed h whith resuls fiom sampks colected at ether 05 or at
2-I/mn were compared. The percent mto 05/2-1/m i) was 3790 ng/1/3923 ng/L =
966%.
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Samplng tine effect

The samplng tine study was perform ed by colecting a set of sampks for 15 m i, and another
set for 5 mn. The samplhg mte was 2 I/m 1, the ghtarabehyde concentraton was about 11
pob, and the rehtie hum dity was 81% at 22 °C.

Tabk 692 ¢
Sam plhg Tine Effect
5-m 1 esults 15-m 1 resuls percent |mtb
g/ L) (ng/1) 6-min/15-m i)
48 00 4550 1055

Ozone nterference

Ozone has been reported to e a spnifitant negatie nterference 1 fom atehyde m ethods whith
utilze DNPH-coated silca gel tibes Ref 74). The hterference was caused by the reacton of
ozone wih the form atehyde-DNPH deriatie. The form atiehyde ek studed were 20, 40, and
140 prb; and the ozone ek were 0, 120, 300, 500, and 770 pob. Fom abiehyde deriatie bss
was greater at hither ozone Bwels, wih sam plhg bsses of approxin ately 60% at 300 ppb ozone.
The amount of formatehyde deriatie bst depended more on the ozone Ewel than on the
form atiehyde el

The data h Tabk 692 d4 @nd h Fgure 692 dJ) shows that ozone can ako be a spnifcant
negatie samplng hterference for ths method. The hterference was not severe for 15-m i STS
as shown by the data © Tabk 692..

LTS experin ents were conducted by samping a 10-ppb glhitaratehyde test atm osphere t© colect
the mass exoected 1 2-ppb LIS, and then ushg the same sampkrs to sampk a sepantely
genemated ozone test atmosphere for 4 hours. The mhtie hum dity of the ghimmabehyde
atm ospheres was about 80% at 23°C, and about 50% at 23°C for the ozone atmospheres.
These experin ents epresented the worst case because the fullam ount of glitara Hehyde derivatie
was avaibbk to ract wih ozone. Four sampks were colected from the glhitarabehyde test
atm ogphere for each experinent, two sampks were used as conttoks 10 ozone), and two were
used to sampk the ozone test atm osphere (ozone). Gltambehyde @) resuls fiom each set
of wo sam pks were averaged, and the percent mto of glitara behyde results firm sampks whith
had been exposed to ozone to results from conespondig sam pks whith had not been exposed
t© ozone was cakbubted. The ozone dose I a measure of total ozone exposure, and T was
cakubted by mulpling pom ozone by L of afr sampkd. Fgur 692d4 shows that 95%
ghtarmbehyde moovery occurs at about 4.6 ppom XL ozone dose. Soliton of the equaton
@ o=pom L) for 004 pom @0 ppb) ozone gies 115 L. Thik & the air volme that cout be
sampkd if 40 pob ozone were present and stillgie 95% glitamtehyde recovery.
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Tabk 692d4
Ozone hterference

& ——T——7Trr——TT T

ozone ozone dose glt g/L) gt (g/I) j=lue)

foom ) foom <L) ozone no ozone ®)
00 0 4077 4000 1019 = i
0016 757 3481 3908 891 E
002 946 3502 3959 885 B
006 28.89 3128 3942 794 3
010 4743 2691 4232 636 g i
o

oTONEMO oTone (%)

Fogure 692 d4. Ozone hterference.

The expermental results 1 Tabk 6.9 2 ddiwere obtahed by colecting sets of four sampks friom
glhtaralehyde test atm ospheres either 2 or 10 ppb, and about 80% rhtie hun diy and 23 °C)
for 15 m i and then ushg two of the sampks to sampk ozone test atm ospheres for 15 m .

Tabk 692d4
Ozone hterference for STS
glit concn ozone dose ozone/no ozone
fob) foom ~T) &)
10 723 898
10 546 931
2 7.8 917
2 112 951
2 443 956

Two sin 1ar experim ents were performed h whith the ozone test atm osphere was sam pkd before
sam plng the glitarabiehyde atm osphere t© detemm e if ozone deactiated the reagent coated
samplhg medim . The percent ratos were 99.6 and 1020. These results show that the quantity
of DNPH reagent coated on the fiter B suffient, and that the nterference & prin arily caused
by ozone reacting wih the glitarmbehyde deriatie.

Two additbnal sin hr experin ents were perform ed by first sam plhg a 10-peb ghitaratehyde test
atmosphere for ether 67 or 46 m 1, and then samphg ambEnt hdoor SIIC air (durng the
month of Decamber) for 4 hours wih the same sampkrs. The ambEnt ozone ek were 8 and
4 peb, respectiely. The percent ratbs were 982 for 8-pob ozone, and 91 .6 for the 4-ppb
ozcne tests. These resuls show that samplng ambent Oecamber) SLIC air had no extreme
effect on glhitarabehyde recovery.

The ozone hterference m anifests tselfby reacthg wih the glitaratehyde deriatie. The product
of the hterference has not been detected h chromatographt analss. The severty of the
Tterference depends both on the ozone Bwel and on the Ength of exposure tine. The most
expedient approach t© sole the probkm was to attem pt to m odify the sam plhg m ethod 1 order
© mduce or eln hate the nterference. One way to acocomplish this would be to develp an
ozone- scavenghg fiter whith could be phoed 1 front of the samphng fiters, and whith woull
rem ove ozone before it cout ract wih the DNPH deriatie. A ltemture evew mveakd several
reagents whith have been used h ar samphg t© Emowe ozone. Scome of the wagents are
m ktures of potassim bdile and ghrerl Ref. 7 5); sodim thbsulfate, potassim caronate, and
glrceml Ref. 7.6); and sodim nirite, potassim cartonate, and glrerol Ref. 7.7) OSHA's
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ozone- sam png reagent) . Glrerol s used as a non-wvokte substrate, and potassim carbonate
provides a chem tally bast enviorm ent to enhance the reacton wih ozone.

Several different com bhations of these m ktures were tested by coatihg them on ghss foer fiters
and hcorporathng them hito standard ghitarmbehyde sampkrs. The modifed sam pkrs consited
of an ozone- scavenghg fiter phoed h the same cassetie as the DNPH fiters, 1 fiont of the
glitaratehyde samplhg fiters, and sepamted friom the DNPH fiters by a cassette ring 1 the
sam e manner as the two DNPH filers are separated. Modified and standard sampkrs, used as
controk, were used to sampk ghiaratehyde test atmospheres. h each case ghitamabehyde
resuls were sponiftantly bwer h sampks ushg reagent treated pre-fiters than ' control
sam pkrs wihout pre- fiters. The reduchg chem tak coated on the pre- fiters apparently reacted
wih gltarabehyde before it coull each the DNPH- treated sam plng fiters.

Goodyear Ruldber form ubtes antozonants hito some of thelr products to prevent dam age from
atm osphertc ozone. A colkague at Goodyear was contacted and asked to suggest chem tak
whith miht elmhate or rduce the ozone nterference h ths method. Nikel dbutyl
dithtbcatbam ate and Goodyear's product, Wigstay 300 N- (,3-din ethyllbuty)-N - phenylk p
phenykenedem he) were Dentified as possbk canddates. A Goodyear empbyee sad that nitkel
dbutyl dithbcarbam ate was the m ost effectie antbzonant they had ever tested, but that * was
toxtc. Goodyear ako suppled a small sampk of recrystlized N- (L,3-dmethybutyl)
N'-phenylt p —phenyknedm e for testihg purposes. Thelrassitance s gratefiilly acknow Bdged
and apprechted. Ref. 7 8)

Nikel dbutyl dihbcatbamate NDBIC) and N- (1,3-dmethybuty)-N"“-phenytp -
phenykenedem he OMBPPDA) were both tested 1 the same manner as the horgant reduchg
chem tak. Preln hary studes were made h whith the rmagent Bwek were vared, and 75 mg
of reagent per pre- fiter was sekcted as optinal. Experin ents were perform ed 1 which sets of
sk sampks were colected fiom a 10-pob glhitarmbehyde test atm osphere @@oout 80% =htie
hum dity and 23 °C) for a suffcent tine to colect a sin fhr mass as woul be colected h a
4-hour sampk at 2-pob glhitaratehyde. Four sam pkrs were m odified by phchg a ghss foer
fiter whith had been coated wih 75 mg of antozonant h fiont of the DNPH fiters so that
sampkd at first passed through the ozone- scavengng fiter (OSF) and then through the DNPH
fiters. The OSF was sepamted from the DNPH fiters wih a cassette rhg 1 the same manner
that the DNPH fiters are separated. Two of the four sampkrs wih the OSF were used to sampk
an 100-ppb ozone test atm osphere (@bout 50% rhtie hun diy and 23 °C) (ozone) at2 I/m h,
and the other two sampkrs were used as contiols (10 ozone). The rmanhihg two sam pers were
standard sampkrs (o OSF), were used t© sampk only the ghitaratehyde test atm osphere, and
were used as the benchmark BM). Resuls ar expressed as the percent mato of ether ozone
orno ozone to BM concentraton analtical results. The peroent ratbs of ozone to no ozone were
ako cakuhted to detem e the effectieness of the OSF.

Tabk 69244
Reductbn of the Ozone hterference
eagent ozone dose ozone no ozone ozone/no ozone
foom 1) &) &) &)

NDBTC 4317 919 952 9% 5

NDBTC 3685 85.7 918 934
DMBPPDA 3562 918 952 96 4
DMBPPDA 48 08 96 973 972
DMBPPDA 4825 911 953 956

These resuls show that both reagents used to prepare OSFs were generally effectie. DMBPPDA
was sekcted for use h this method because NDBTC was Hentified as a suspect carchogen on
the MSDS that was hclided wih the ragent. The OSF shoul be used only when ozone ek
1 sampkd airare above 10 peb, and make is hclisbn necessary (labk 692 dJd. Ozone Bek
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Ess than 10 peb do not requie OSF. As an alematie to ushg OSF, the air sampk wolme
could be reduced. Fgure 692 ddshows that 95% recovery B attahed at an ozone dose of 4 .6
pom xL. A "safe arwvolme" that woul result h 95% recovery coull be catubted by dividing 4 .6
by the pom ozone Ewel at the sampihg sie. For exampk: if the ozone Ewelwere 0.020 pom
@0 ppb), the "safe ar volme" woul be 230 L. E & unnecessary t© use OSEF when colecthng
15-m 1 STS as shown by the data h Tabk 692 d i

This method uses open—-face samplng so that the filll surface of the DNPH-coated fiter &
avaiBbk for ractbn wih hcoomihg ghtarmbehyde and that sampkr capacty & maxm zed.
Gltarabehyde sam pks were colected wihh a 5 galghss catboy connected h- e wih the OME
vapor genermatbn apparmtus. Sampk resuls from open- face colectbn were com pared to resuls
from cbsed-face colectbn. The DNPH-glutaratehyde dervatie s hphly cobred, and a cobrad
spotabout 15 an diEm eter was cbsened on cbsed- face sam pks whik no such spot was seen
on open-face sampks. Thi fact hdiates that open— face sam plhg was having is desied effect.
There was no sgnifirant difference between open and cbsed- face sam plhg.

Tabk 692e
Sampk Results
samplhg mte samplg the  open face cbsed face  open face/cbsed face
/m ) ) resuks g/I) resuks ihg/L) &)
2 240 743 749 992
2 48 3343 3366 993
2 [ 3528 3614 976

610 Extracton effcency and stabilty of extracted sampks

6101

Extractbn effcency at the D-ppb STS concentration

The extracton efftences EE) of glitarmbehyde were determ ied by Tout- spking coated fiters wih
amounts of gitambehyde-DNPH approxinately equiaknt t 005 t© 2 tmes the 10-ppb STS
concentraton.  These sam pks were stored ovempht at am bent tem perature and then extracted and
analzed. The awerage extractbn efficency over the workihg range of 05 t© 2 tnes the tamget
concentraton was 98 9% .

Tebe 61011
Extracton Efftiency of Glitarmbehyde from Coated
Fiters at the 10-pob STS Tamget Concentration

x STS concn 0.05x 0dx 02x 0.5x 1x 2x
g/ sampk) 54 108 244 597 1356 2442
EE () 1008 926 940 1004 1010 995
998 901 996 990 990 1002
1041 95.7 9%.1 96.7 978 1048

925 839 955 941 990 98.7

1060 946 945 95.7 1012 93
99.7 92 951 96 8 98.7 1016
X 1005 922 958 971 994 1002

The stabilty of extracted sampks was hwvestbated by ranalzing the 1xSTS about 16 h affer the
ikl anakss. After the orghal analsis was performed, three vk were recapped wih new septa
whik the rmmanhhg three retahed thelr punctured septa. The sampks were reanalzed wih fresh
standards. The average percent change was +1.7% for sampks that were resealkd wih new septa
and +1.7% for those that retahed thelr punctured septa.
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Tabk 61012
Stabilty of Extracted Sampks at the 10-pob STS Tamet Concentration

punctured septa rephoed punctured septa eahed
hiB1EE FE after difference hiR1EE EE after difference
&) one day () &) &) one day () &)
1010 1016 +06 990 1033 +43
990 1020 +30 1012 10138 +06
978 994 +16 98.7 988 +01
averages averages
993 1010 +1.7 9.6 1013 +1.7

6102 Extracton effciency at the 2-ppb LIS concentration

The extraction effcences EE) of glitambehyde were determ hed by Tutl- spking coated fiters wih
amounts of ghitarmtehyde-DNPH approxmately equivaknt to 005 to 2 tines the 2-ppb LIS
concentratbn.  These sampks were stored ovemiht at am bient tem perature and then extracted and
analzed. The average extractbn effriency over the working range of 05 to 2 tines the tamet
concentraton was 99.7% .

Tabk 61021
Extracton Efftency of Glimmatehyde fiom Coated Fiters
at the 2-ppb LTS Target Concentraton

x IS concn 0.05x 01x 02x 0.5x 1x 2x
(ng/ sam pk) 217 434 841 2170 4340 8410
EE () 933 994 991 1000 1009 9838
934 998 963 1013 1114 1002

943 986 1089 1013 954 980
1014 105.7 966 90 95.7 1010
959 1002 993 994 951 1015
973 982 944 998 1011 989
X 959 1003 991 996 999 99.7

The stability of exttacted sam pks was hivestated by reanakzing the 1xITS about 16 h after the hital
analsi. Affer the orghal analsk was perform ed, three vk were recapped wih new septa whik
the rEm anhg three eahed theirpunctured septa. The sam pks were reanalzed wih fresh standards.
The average percent change was —0.7% for sampks that were resead wih new septa, and +2 0%

for those that retahed thelr punctured septa.

Tabk 61022
Stabiltsy of Extracted Sam pks at the 10-pdb STS Tamet Concentration
punctured septa r=phoed punctured septa retained
Tl FE FE after difference Tl FE FE after difference
&) one day () &) &) one day () &)
1009 1016 +0.7 95.7 981 +24
1114 1082 -32 951 983 +32
954 959 +05 1011 1014 +03
averages averages
1026 1019 -0J 973 993 +20
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611 Qualiatie analss L B
The UV spectum for the DNPH deriatie of
glutaratehyde was dotathed wih a Hewktt Packard 1
Model1HP-1090 Lijuil Chrom atograph equipped wih 2 ™ 7] i
a dide armay detector and ushg a Restek T0-11 IC 5’ J
colmn. E J

g
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Fogure 6J11. UV spectnm of glitara behyde
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