
  
       

       

     
  

  

  
     
     

  
    
    

 

  
 
 

            
         

             
             

             
     

     
     

           
 

   

  

GLUTARALDEHYDE 

Method number: 64 

Matrix: 

Target concentration: 
ACGIH TLV-Ceiling: 
OSHA PEL: 
(Additionaldata,1997)

Targetconcentrations:
 

Procedure: 

Recommended air volume 
and sampling rates: 
200-ppb ACGIH Ceiling: 
(Additionaldata,1997)

10-ppb STS:
 
2-ppb LTS:
 
Reliable quantitation limits: 
200-ppb ACGIH TLV-Ceiling: 
(Additionaldata,1997)

10-ppb STS:
 
2-ppb LTS:
 

Air 

200 ppb (820 µg/m3) 
200 ppb (820 µg/m3) 
None 

10 ppb (41µg/m3)(forshort-term samples,(STS))

2 ppb (8.2 µg/m3)(forlong-term samples,(LTS))
 

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. 

15 L at 1 L/min 

30 L at2 L/min
 
480 L at2 L/min
 

4.4 ppb (18 µg/m3) 

0.44 ppb (1.8 µg/m3)

0.027 ppb (0.11 µg/m3)


Standard errors of estimate at the target concentration: 
200-ppb ACGIH TLV-Ceiling: 6.2% 
(Additionaldata,1997)

10-ppb STS:
 
2-ppb LTS:
 

Specialrequirements:
 

(Additionaldata,1997)
 

Status of method: 

Date: June 1987 
Additionaldata:January1998
 

6.6%
 
6.7%
 

Ship samplessuspected ofcontaining low levelsofglutaraldehyde (such as 10-ppb
 
STS samples)in an insulated containerusing Blue Ice (or
 
equivalent) by overnight delivery service (FedEx, or equivalent). Use an
 
ozone-scavengingfilterforLTS,orreducesampleairvolume,ifozoneinthesampled
 
air is greater than 10 ppb (Sections 2.1.3 and 2.6.4). Store allglutaraldehyde
 
samples in a refrigeratoruntilanalysis.
 

Evaluated method. This method has been subjected to the established 
evaluation procedures of the Organic Methods Evaluation Branch. Additional 
evaluation data were collected in 1997 because ofincreased interestin monitoring
lowerlevels. 

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(CH2)3COH + 2 (O2N)2 C6H3NHNH2 + acid -
glutaraldehyde DNPH 

(O2N)2C6H3NHN=CH(CH2)3HC=NHNC6H3(NO2)2 + 2 H2O
 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. 

Additionaldata,1997
 

Additionalevaluation data were collected in 1997 in support of research performed by OSHA's
 
Directorate ofPolicy. The research wasprompted because glutaraldehydewasidentified asone ofa
 
numberofchemicals forwhich OSHA intends to publish a proposalto update PELs (Ref.7.1). The
 
targetlevels,10-ppb forshort-term samples (STS)and 2-ppb forlong-term samples (LTS),were
 
selected to meet monitoring requirements for OSHA site visits at selected facilities in which
 
glutaraldehyde wasbelieved to be present. These levels should notbe taken as basis forprojecting

future OSHA rulemaking concerning glutaraldehyde.
 

ACGIH haspublished a "Notice ofIntended Changes(for1996)"to change theTWA-Ceiling from 200
 
ppb to 50 ppb (Ref.7.2). Therefore,this additionaldata could be ofinterestto those wishing to
 
monitorglutaraldehyde atverylow levels.
 

The overallappearance ofthis method was revised so thatitwould be more consistentwith OME
 
methods written according to 1993 Method Evaluation Guidelines (Ref.7.3). The originaldata are
 
intact,and new data are identified bythephrase:"(Additionaldata,1997)"and useof“Modern”font.
 
Thedifferentfontisused to delineatethe1997 data from theoriginaldata. New datawerecollected
 

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



              
                
                
                 

           

            
               
                

                   
                

              
              

              
                

             
                 
                 

                 
                  

              
               

                  
                    

                
   

                
               
                   
                 
               

               
                
              

              
               

            

       

     
    

   

  
  

   

  

in accordance with 1993 OME Guidelines. Theoriginalbackup data and literature referencessections
 
areintact,andnew backupdataandliteraturereferencessectionsfortheadditionaldataareincluded.
 
Some OME definitions and testcriteria forthe limitdefining parameters were revised in 1993 and it
 
maynotbe possible to directlycompare originaland new data because ofthe revisions. The 1987
 
detection and reliable quantitation limits have been superseded bythe new limits.
 

Preliminary testing showed that,with modification,Method 64 for glutaraldehyde was capable of
 
monitoring the selected lowertargetlevels. Some instabilitywasobserved forSTS stored atambient
 
temperature. The recoverywas 105% oftheoreticalatthe beginning ofa 19-daystorage test,and
 
itwas 84% atthe end ofthe test. Only minorinstability was observed forrefrigerated STS. The
 
sample storage instabilityseemsrelated to the massofderivative presenton the sampler. LTS were
 
morestablethan STS. Allglutaraldehydesamplesshould,however,bestored underrefrigeration,and
 
samplessuspectedofcontaininglow levelsofglutaraldehyde(suchas10-ppbSTS)shouldbeshipped
 
in an insulated container using Blue lce (or equivalent) by overnightdelivery service (FedExTM,or
 
equivalent). Changesto Method 64 include use ofa new LC analyticalcolumn speciallydesigned by

the manufacturer to separate DNPH derivatives ofaldehydes and ketones,and increasing the air
 
sampling rate from 1 to 2 L/min. The 10-ppb STS is monitored with 15-min samples,butthe
 
sampling time can be reduced to 5 min ifnecessary. The 2-ppb LTS is normally assessed with
 
4-hoursamples. Thesampling timeforLTS mayhaveto bereduced,oran ozone-scavenging filter
 
(OSF)incorporated into theairsampler,ifozonein thesampled airissuspected to bemore than 10
 
ppb.
 

Ozone has been reported to be a significant sampling interference in some methods which use
 
DNPH-treated sampling media (Ref.7.4). Itwasconfirmed to be a sampling interference for2-ppb
 
LTS,butwasnotseverefor10-ppb STS. Theextentoftheinterferencedependsboth on theamount
 
ofozone in the sampled airand the length oftime thatthe sample is collected. The effects ofthe
 
interference were reduced by the use of an OSF consisting of a glass fiber filter coated with
 
N-(1,3-dimethylbutyl)-N'-phenyl-p -phenylenediamine. (Section 6.9.2.d)
 

The design ofthe samplerwas notaltered to routinelyincorporate an OSF because itis anticipated
 
thatits required inclusion willbe more the exception than the rule. Mostglutaraldehyde exposures
 
are likely shortterm,and STS do notrequire an OSF. MostLTS willbe collected in hospitals,and
 
ozone levels atsuch facilitiesshould be low. The industrialhygienisthas the option ofreducing the
 
sample airvolume size forLTS,orusing an OSF,ifozone levels are sufficientlyhigh.
 

Thissampling and analyticalmethod providesadequate sensitivityto workatverylow levels. Working
 
attheselevelsisdemanding forboththeindustrialhygienistand theanalystbecauseofthepotential
 
forpositive,as wellas negative,sampling interferences. The industrialhygienistmustdetermine if
 
sampling interferences are present,and then take corrective action. This action mayconsistsimply
 
ofreporting thepresence ofinterferencesto the analyticallaboratory. Theanalystcan betterqualify
 
sampling results with this knowledge,and perhaps suggestalternative sampling procedures.
 

1.1.2	 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 LD500 for rats has been reported to be as low as 250 mg/kg. The 4-h LC50 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) 

1.1.3 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. 

1.1.4 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(CH2)3COH 
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 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) 

(Additionaldata,1997). Thedetectionlimitoftheanalyticalprocedureis19.1 pg. Thisistheamount
 
ofanalyte thatwillgive a response thatis significantlydifferentfrom the background response ofa
 
reagent blank. This amount supersedes the previous detection limit of the analyticalprocedure.
 
(Sections 6.1 and 6.2)
 

1.2.2 Detection limit of the overall procedure 

The detection limit of the overall procedure is 0.268 µg per sample (4.4 ppb or 18 µg/m3). 
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) 

(Additionaldata,1997). Thedetectionlimitoftheoverallprocedureis16.5 ngpersample(STS:0.13
 
ppb or0.55 µg/m3;LTS:0.0083 ppb or0.034 µg/m3). This is the amountofanalyte spiked on a
 
samplerthatwillgive a response thatis significantly differentfrom the background response ofa
 
sampler blank. This amount supersedes the previous detection limit ofthe overallprocedure.
 
(Sections 6.1 and 6.3)
 

1.2.3 Reliable quantitation limit 
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The reliable quantitation limit is 0.268 µg per sample (4.4 ppb or 18 µg/m3). 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) 

(Additionaldata,1997). The reliable quantitation limitis 55.0 ng persample (STS:0.44 ppb or1.8
 
µg/m3;LTS:0.027 ppb or0.11 µg/m3). Thisisthe amountofanalyte spiked on a samplerthatwill
 
give a signalthatis considered the lowerlimitforprecise quantitative measurements. This amount
 
supersedes the previous reliable quantitation limit. (Section 6.4)
 

1.2.4 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) 

1.2.5 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. 

(Additionaldata,1997). The recoveries ofglutaraldehyde from samples used in 19-day ambient
 
storage tests remained above 84% for10-ppb STS,and above 98% for2-ppb LTS. The ambient
 
storagetestforSTS revealed agreaterthan 10% decreasein recovery. An unsuccessfulattemptwas
 
made to develop a convenient alternative sampler which alleviated the storage loss. Samples
 
suspected ofcontaining low levels ofglutaraldehyde (such as 10-ppb STS)should be shipped in an
 
insulated containerusing Blue lce (orequivalent)byovernightdeliveryservice (FedEx,orequivalent).
 
LTS exhibited adequate storage stability. (Section 6.7)
 

1.2.6 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) 

(Additionaldata,1997). The precision ofthe analyticalprocedure,measured as the pooled relative
 
standard deviation,overa concentration range equivalentto 0.5 to 2 timesthe targetconcentration
 
is0.69% for10-ppb STS. The precision oftheanalyticalprocedure,measured asthepooled relative
 
standard deviation,overa concentration range equivalentto 0.5 to 2 timesthe targetconcentration
 
is 0.83% for2-ppb LTS. (Section 6.5)
 

1.2.7 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. 

(Additionaldata,1997). Theprecessionsoftheoverallprocedureatthe95% confidencelevelforthe
 
19-day refrigerated storage tests were ±12.9% for10-ppb STS and ±13.4% for2-ppb LTS. These
 
each include an additional5% forsampling error. (Section 6.7)
 

1.2.8 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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(Additionaldata,1997). Twelve samples (6-STS and 6-LTS)were collected from testatmospheres 
and were submitted foranalysis bySLTC. The samples were analyzed according to instructions in a 
draftcopy ofthis procedure following 10 and 3 days (respective) ofstorage atabout4°C. No 
individualsample resultdiffered from its theoreticalvalue by more than the respective precessions 
reported in Section 1.2.7. (Section 6.8) 

1.3 Advantage 

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

1.4 Disadvantage 

The coated filters are currently not commercially available. 

(Additionaldata,1997). The coated filters are now commercially available. The OSFs are not currently
 
commerciallyavailable.
 

2. Sampling Procedure 

2.1 Apparatus 

2.1.1	 Samples are collected by use of a 

personal sampling pump that can be
 
calibrated to within ±5% of the
 
recommended flow rate with the
 
sampling device attached.
 

2.1.2	 A sample is collected using an
 
open-face air monitoring cassette
 
containing 2 glass-fiber filters. The
 
filters are separated and retained
 
using cassette rings (See Figure
 
2.1.2).  Each filter is coated with
 

Figure 2.1.2.  Glutaraldehyde air sampler.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. 

2.1.3 (Additional data, 1997). Ozone levels
 
greaterthan 10 ppb mayrequireuseofan
 
ozone-scavenging filter(OSF)to preventa
 
negative sampling interference at the
 
2-ppbLTS (SeeFigure2.1.3). Instructions
 
for preparation of the OSF, and its 
incorporation into the air sampler are
 
presented in Section 4.11. Detection of
 
low levels ofozone requires the use ofan
 
ozone meter,oran ozone detectortube.
 

2.2 Reagents 

Figure 2.1.3.  Glutaraldehyde air sampler with OSF 
No sampling reagents are required. incorporated into the sampler. 

2.3 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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2.3.2	 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. 

2.3.3	 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. 

2.3.4	 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). 

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

2.3.6 (Additionaldata,1997). Ship samples suspected ofcontaining low levelsofglutaraldehyde (such as
 
10-ppb STS) in an insulated containerusing Blue lce (orequivalent) by overnightdelivery service
 
(FedEx,orequivalent).
 

2.3.7	 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. 

2.3.8	 List any potential interferences on the sample data sheet. 

2.4 Sampler capacity 

2.4.1	 Sampler capacitystudies were performed bysampling 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 µg of glutaraldehyde had 
been collected. (Section 4.5) 

2.4.2	 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. 

2.4.3 (Additionaldata,1997). Samplercapacity studies were performed at10-ppb glutaraldehyde,81% 
relative humidity at22°C,and a sampling rate of2 L/min. Five-percentbreakthrough was never 
attained,even aftermore than 700 L ofairhad been sampled. (Section 6.9) 

2.4.4 (Additionaldata,1997). Otherexperiments were conducted to testthe sampling method. Samples
 
werecollected atboth high andlow humidity,atboth1 and 2 L/min,andforboth 5 min and 15 min.
 
The results ofthese tests were expressed as percentratios which were calculated by dividing low
 
humidity results by high humidity results,by dividing 1 L/min results by 2 L/min results,and by

dividing 5 min results by 15 min results. The respective ratios were 102.1,97.6,and 105.5%.
 
(Section 6.9)
 

2.5 Extraction efficiency 

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

2.5.2	 Extracted samples remain stable for at least 16 h. (Section 4.6) 
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2.5.3 (Additionaldata,1997). The average extraction efficiency over the range of0.5 to 2 times the
 
10-ppb STS targetconcentration was98.9%. Theaverageextraction efficiencyovertherangeof0.5
 
to 2 times the 2-ppb LTS targetconcentration was 99.7%. (Section 6.10)
 

2.5.4 (Additionaldata,1997). Average extraction efficienciesfor0.05,0.1 and 0.2 timesthe 10-ppb STS
 
were100.5,92.2,and95.8% respectively. Averageextractionefficienciesfor 0.05,0.1 and0.2 times
 
the 2-ppb LTS were 95.9,100.3,and 99.1% respectively. (Section 6.10)
 

2.5.5	 (Additionaldata,1997). Extracted samples remain stable foratleast16 hours. (Section 6.10)
 

2.6 Recommended air volume and sampling rate 

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

2.6.2	 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 µg/m3). 

2.6.3	 (Additionaldata,1997). Collect10-ppb STS at2 L/min for15 min.
 

2.6.4 (Additionaldata,1997). Collect2-ppb LTS at2 L/min for4 hours ifozone is less than 10 ppb.
 
Ozone presentin the sampled airatlevels greaterthan 10 ppb is a negative sampling interference
 
thatcan causelow results. Theseverityoftheinterferencedependsontheamountofozonepresent
 
and on the length oftime thatthe glutaraldehyde derivative is exposed to ozone.Use either an
 
ozone-scavenging filter(Section 4.11.3)when ozone levels are greaterthan 10 ppb,ora "safe air
 
volume"calculated bydividing 4.6 bytheozonelevelin ppm. Forexample:iftheozonelevelis0.04
 
ppm (40 ppb)the "safe airvolume"would be115 Lcollected at2 L/min (4.6/0.04=115). (Section
 
6.9.2.4,Table 6.9.2.4.1,and Figure 6.9.2.4.1)
 

2.6.5 (Additionaldata,1997). Theairconcentration equivalentto the reliable quantitation limitdependson
 
the airvolume sampled.
 

2.7 Interferences (sampling) 

2.7.1	 Any substance present in 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. 

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

2.7.3 (Additionaldata,1997). Ozone isa negative sampling interference thatcan cause sampling results
 
to be low. The severity ofthe interference depends on the amountofozone presentand on the
 
length oftime thatthe glutaraldehyde derivative isexposed to ozone. Results from STS were about
 
10% low aftersampling a 240-ppb ozone testatmosphere for15 min,and results from LTS were
 
about45% low aftersampling a l00-ppb ozone testatmosphere for4 hours. (Section 6.9.2.4).
 

Theeffectsofozonecanbereducedbyuseofanozone-scavengingfilter(OSF)consistingofaglass
 
fiberfiltercoated with N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine (Section 6.9.2.4).
 

2.8 Safety precautions (sampling) 

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

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

3.1 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. 

(Additionaldata,1997). A Hewlett Packard 1050 Series HPLC consisting of a pumping system,
 
programmablevariablewavelengthdetector,and an autosamplerwasused toanalyzesamplesforthe
 
additionalevaluation data.
 

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

(Additionaldata,1997). A Restek Pinnacle TO-11 (5-µm),25-cm × 4.6-mm i.d.,(Catalog no.
 
9172575)HPLC column was used to analyze samples forthe additionalevaluation 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. 

(Additionaldata,1997). A Waters Millennium Chromatography Managersystem was used to analyze
 
samples forthe additionalevaluation data.
 

3.2 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. 

3.3 Standard preparation 
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3.3.1	 It is 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. 

3.3.2	 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. 

3.3.3	 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. 

3.3.4	 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 µg per sample 
glutaraldehyde was prepared by injecting 50 µL of 0.23 mg/mL glutaraldehyde into a vial 
containing 2.0 mL of analytical standard preparation solution. 

(Additionaldata,1997). A standard containing 1.15 µg persample (approximating the 10-ppb STS)
 
was prepared by injecting 5.0 µL of0.23 mg/mL glutaraldehyde into a vialcontaining 2.0 mL of
 
analyticalstandard preparation solution. A standard containing 3.91 µg persample (approximating

the2-ppbLTS)waspreparedbyinjecting17.0µLof0.23 mg/mLglutaraldehydeintoavialcontaining

2.0 mL ofanalyticalstandard preparation solution.
 

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

3.4 Sample preparation 

3.4.1	 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. 

(Additionaldata,1997). Discard the OSF (ifpresent) in a containerdesignated for contaminated
 
waste.
 

3.4.2	 Add 2.0 mL of acetonitrile to each vial. 

3.4.3	 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. 

3.5 Analysis 

3.5.1	 HPLC conditions 

column: DuPont Zorbax CN, 25-cm × 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 µL 
UV detector: 365 nm 
retention time: 5.9 min 

(Additionaldata,1997). The following alternative conditions were developed. The Restek column
 
providessomewhatbetterresolutionoftheglutaraldehydederivativefrom thesamplermatrixthandoes
 
eitherthe Zorbax,ora Bakerbond CN column.
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column:	 Restek Pinnacle TO-11 (5-µm), 25-cm × 4.6-mm i.d., (Catalog no.
 
9172575)
 

mobile phase:	 62% acetonitrile in watercontaining 0.1% phosphoric acid (v/v/v)
 
flow rate:	 1 mL/min
 
injection volume:	 20 µL
 
UV detector:	 355 nm
 
retention time:	 9.0 min
 

Figure 3.5.1. Glutaraldehyde chromatogram
 
using the alternative conditions.
 

3.5.2	 Use a suitable method such as electronic integration to measure detector response. 

3.5.3	 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 µg per sample 

3.5.4	 Make sure that sample concentrations are bracketed with standards as stated in Section 
3.3.5. 
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3.6 Interferences (analytical) 

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

3.6.2	 HPLC parameters (mobile phase composition, column, etc.) maybe changed to circumvent 
interferences. 

3.6.3	 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) 

3.7 Calculations 

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

3.7.2	 The concentration in µg 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. 

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

mg/m3 = A/B 

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

3.7.4	 The following equation can be used to convert glutaraldehyde results in mg/m3 to ppm at 
25oC and 760 mm Hg: 

ppm = (mg/m3)(24.46)/(100.12)
 

where mg/m3 = result from Section 3.7.3
 
24.46 = molar volume at 760 mm Hg and 25°C 
100.12 = molecular weight of glutaraldehyde 

3.8 Safety precautions (analytical) 

3.8.1	 Avoid skin contact and inhalation of all chemicals. 

3.8.2	 Restrict the use of all chemicals to a fume hood. 

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

4.1	 Detection limit of the analytical procedure 

The injection size recommended in the
 
analytical procedure (10 µL) 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. 

This detection limit was determined by the
 
analysis of a standard containing 0.131 µg/mL
 
glutaraldehyde. Figure 4.1 is a chromatogram
 
of the detection limit of the analytical procedure
 
produced using the Restek TO-11 LC column
 
and the 62% acetonitrile in water containing
 
0.1% phosphoric acid mobile phase described
 
in Section 3.5.1.
 

4.2	 Detection limit of the overall procedure and
 
reliable quantitation limit data
 

The injection size recommended in the analytical procedure (10 µL) 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 µL of a solution containing 5.36 µg/mL glutaraldehyde 
(50 µL × 5.36 µg/mL = 0.268 µg) 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 µg/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 µg per sample 
(4.4 ppb or 18 µg/m3). 

Table 4.2 

Data for Detection Limit of the
 

Overall Procedure and the Reliable Quantitation Lim it
 

Figure 4.1.  The detection 
limit of the analytical 
procedure. 

sample number theo amt (µg) amt recovered (µg)    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 

Xx 0.261 97.3 
SD 6.9 

1.96×SD 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 

× target concn 0.5× 1× 2× 
(µg 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 

Xx 654918 1254367 2512378 
SD 20877 29204 28675
CV 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.
 

4.5 Breakthrough data 

Breakthrough studies were performed with the 
recommended collection device by sampling 
controlled test atmospheres containing 
glutaraldehyde in air. The average glutaraldehyde 
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 
occurred after sampling for 171 min. At the end of 
this time, 171 L of air had been sampled and 256 µg 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. 

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 

Figure 4.4. Glutaraldehyde calibration curve. 

4.6 Extraction efficiency and stability of extracted samples 
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The extraction efficiencyof glutaraldehyde from Table 4.6 
DNPH-coated filters was determined by Extraction Efficiency and Stability Data 

injecting 55 µL of a solution containing 0.22 extraction reanalysis 16-h 

mg/mL glutaraldehyde onto each of 6 coated efficiency (%) later (%) 

filters. This amount is equivalent to 0.2 ppm for 98.3 102.0 

a 15 min air sample. The filters were placed in 103.0 104.0 
101.0 103.0sealed 4-mL glass vials, stored at room 
105.0 105.0

temperature in the dark and then analyzed the 
96.0 99.3

next day. Following the initial analysis, the 97.1 96.0
samples were immediately resealed and then 
reanalyzed about 16 h later using fresh Xx 100.1 101.6 
standards. The results of these studies are 
presented in Table 4.6. The average 
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 -20oC. 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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Figure 4.7.1.  Ambient temperature Figure 4.7.2.  Refrigerated temperature 
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% 
at 29 °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 (µg) analytical result (µg) 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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containing 0.78 mg/m3 glutaraldehyde, was determined by sampling the atmosphere using the 
following sampling and analytical techniques: 

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

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

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

IV.	 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/m3) percent of
 
1 2 ave theoretical
 

I 0.650 0.642 0.646 82.8 
II 0.633 0.656 0.645 82.6 
III 0.641 0.632 0.637 81.6 
IV 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%. 

(Additionaldata,1997). Testatmosphereswere prepared to collectsamplesforthe additionalevaluation data
 
using an allglass vapor generation system. The atmospheres were generated by pumping a solution of
 
glutaraldehyde/methanolwith an ISCO Model100DM syringe pump into a heated glass manifold where it
 
evaporated into a heated dilution airstream. The dilution airwas generated using a Miller-Nelson Research,

INC Model401 Flow Temperature Humidity ControlSystem. The relative humidityand temperature ofthe test
 
atmospheres was monitored using an EG&G Model911 DEW-ALL DigitalHumidityAnalyzer.
 

Itwas necessaryto dilute glutaraldehyde with methanolin orderto quantitativelygenerate atmospheres atthe
 
2-ppb LTS and 10-ppb STS. Use ofaqueous solutions ofglutaraldehyde to generate testatmospheres gave
 
unacceptablylow results.
 

4.10 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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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% 
HCl 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. 

4.10.3 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 × 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 

4.11.1 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. 

4.11.2 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-fiber filters, 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. 

e)	 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. 

f) (Additionaldata,1997). N-(1,3-dimethylbutyl)-N'-phenyl-p -phenylenediamine. This reagent
 
was obtained from Flexsys America L.P.(260 Springside Drive,Akron,OH 44333,and should be
 
purified byvacuum distillation beforeuse. Preparea solution containing 15 mg/mLofvacuum­
distilled reagentin toluene.
 

The following is quoted (with permission)from information provided byFlexsys (Ref.7.9):
 

Guidelines for Recrystallizing Santoflex 6PPD (N-(1,3-dimethylbutyl)- N'-phenyl-p­
phenylenediamine)
 

The generalprocess forpurifying and recrystallizing Santoflex 6PPD is by vacuum distillation.
 
Handling ofthe recrystallized materialshould be done under an inertatmosphere to prevent
 
oxidation through contactwith oxygen in the atmosphere.
 

Equipment
 
•	 Clean glass distillation equipmentis preferred. 
•	 Use Teflon fittings orotherairtightfittings. 
•	 DO NOTUSE ground glass joints. 
•	 DO NOTUSE jointgreases,especiallysilicone greases. 
•	 The distillation column needs only2 or3 theoreticalplates. 
•	 Need the capabilityto change outreceiving vessels quicklyto separate the forecutfrom the 
mid cut. 

GeneralProcedure
 
•	 Pourthe sample ofSantoflex 6PPD into the distillation flask. 
•	 Connectand secure the distillation column and receiving flasks. 
•	 Flush the system with drynitrogen to purge anyoxygen in the system. 
•	 Close the system,begin heating the sample using a heating mantle. Do notuse a flame,as 
this can create hotspots and degrade the sample. 

•	 Applyavacuum. Santoflex6PPD hasthefollowingvaporpressuresat thetemperaturesgiven: 

Table 4.11.2 
VaporPressure ofSantoflex 6PPD 

temp (°C) vaporpressure 
(Torr)


162 0.064
 
180 0.25
 
200 1.0
 
227 4.0
 

•	 Once Santoflex 6PPD begins to boil,allow a smallportion of materialto collect in the 
receiving flaskasa forecut. Thiswillcontain some Santoflex 6PPD aswellunreacted 4ADPA 
and ketones among otherlightmaterials. 

•	 You should collectno more than 5-l0% ofthe starting materialin the forecut. 
•	 Changeoutthereceiving flaskaftertheforecut. Ifthevacuum sealmust bebroken continue 
heating,butpurgethesystem withnitrogenwhilethe flaskisbeingreplaced. Besurethenew 
flask is purged with nitrogen before resealing and reapplythe vacuum. 
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•	 Continue to collectdistilled materialin thenew flask. Collectabout 50-75% ofthe starting 
materialvolume in the receiving flask. 

•	 Discontinue heating. Allow nitrogen to fillthe distillation equipment. 
•	 While stillwarm,Santoflex6PPD can be transferred to a sample bottle. Keep undernitrogen 
atalltimes. 

•	 Distilled Santoflex6PPD mayappearwaterwhite ormayhave a slight pink-purple castto it. 
Itshould be lighterin colorthan the starting material. Once oxygen comes in contactwith 
distilled material,Santoflex6PPD quicklydiscolorsto a darkpurpleto brown/purple. Oxidized 
6PPD has an intense color.  Even small concentrations (ppb) greatly affect the visual 
appearance,butdoesnotaffecttheperformance. Oxidization by- productsof6PPD arealso 
antioxidants 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. 

(Additionaldata,1997). Preparation ofozone-scavenging filter(OSF). Place a glass-fiberfilteron
 
a 30-mL beaker,or some other suitable support,so that only the outside edge of the filter is
 
supported. Pipet0.5 mLofthe 15 mg/mL N-(1,3-dimethylbutyl)-N'-phenyl-p -phenylenediamine
 
solution (Section 4.11.2.f) onto the surface ofthe filter. Make sure thatthe fitter is completely
 
saturated with the solution. Allow the toluene to evaporate. Place the coated filters in a suitable
 
containerand allow them to dry overnight. These filters remain useable foratleasta month when
 
stored in a freezer.
 

(Additionaldata,1997). Incorporation ofOSF into airsampler. Referto Figure 2.1.3. The OSF is
 
positioned before the DNPH filters,and separated from them with a cassette ring,so thatsampled
 
airpassesthroughtheOSFbeforepassingthroughtheDNPH filters. Removethecassettetopsection
 
and place an OSF on the ring. Place anotherring on top ofthe OSF,replace the top section,and
 
sealthesampler. Usetapeorshrinkbandstofurthersealthethreeringsand bottom section. Store
 
the assembled samplerin a freezer.
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6.Backup Data (Additionaldata,1997)
 

6.1	 Determination ofdetection limits
 

Detection limits,in general,aredefined astheamount(orconcentration)ofanalytethatgivesa response(YDL)

thatis significantlydifferent(three standard deviations (SDBR))from the background response (YBR).
 

YDL - YBR = 3(SDBR)
 

ThemeasurementofYBR and SDBR in chromatographicmethodsistypicallyinconvenientanddifficultbecauseYBR
 
isusuallyextremelylow. Estimatesofthese parameters can be made with data obtained from the analysisof
 
a series ofanalyticalstandards orsamples whose responses are in the vicinity ofthe background response.
 
The regression curve obtained fora plotofinstrumentresponse versusconcentration ofanalyte willusuallybe
 
linear. Assuming SDBR and theprecision ofthedataaboutthecurvearesimilar,thestandard errorofestimate
 
(SEE)forthe regression curve can be substituted forSDBR in the above equation. The following calculations
 
derive a formula forDL:
 

Yobs = observed response
 
Yest = estimated response from regression curve
 
n = totalnumberofdata points
 
k = 2 forlinearregression curve
 

AtpointYDL on the regression curve
 

A = analyticalsensitivity(slope)
 

therefore
 

Substituting 3(SEE)+ YBR forYDL gives
 

6.2 Detection limitofthe analyticalprocedure (DLAP)
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The DLAP is measured as the mass ofanalyte actually introduced into the chromatographic column. Ten
 
analyticalstandards were prepared in equaldescending incrementswith the higheststandard containing 27.15
 
ng/mL ofglutaraldehyde. This is the concentration thatwould produce a peak approximately 10 times the
 
background noise ofa reagentblank nearthe elution time ofthe analyte. These standards,and the reagent
 
blank,wereanalyzedwiththerecommendedanalyticalparameters(20-µLinjection),andthedataobtainedwere
 
used to determine the required parameters (A and SEE)forthe calculation ofthe DLAP. Values of9.83 and
 
62.54 were obtained forA and SEE respectively. DLAP was calculated to be 19.1 pg.
 

Table 6.2
 
Detection Limitofthe AnalyticalProcedure
 

concn mass on area counts
 
(ng/mL) column (pg) (µV-s)
 

0 0 0
 
2.715 54.3 558
 
5.430 108.6 1078
 
8.145 162.9 1638
 
10.860 217.2 2187
 
13.575 271.5 2222
 
16.280 325.6 3365
 
19.005 380.1 3788
 
21.720 434.4 4294
 
24.435 488.7 4688
 
27.150 543.0 4672
 

6.3 Detection limitofthe overallprocedure (DLOP)
 

The DLOP is measured as mass per sample and expressed as equivalent air concentration,based on the
 
recommended sampling parameters. Ten samplers were spiked with equaldescending increments ofanalyte,
 
such thatthehighestsamplerloading was325.8 ng persample. Thisisthe amountspiked on a samplerthat
 
would produce a peak approximately 10 times the background response fora sample blank. These spiked
 
samplers,and a sample blank,were analyzed with the recommended analyticalparameters,and the data
 
obtainedusedtocalculatetherequiredparameters(AandSEE)forthecalculation oftheDLOP. Valuesof90.7
 
and499.24 wereobtainedforAandSEE,respectively. TheDLOP wascalculatedtobe16.5 ngpersample(STS:
 
0.13 ppb or0.55 µg/m3;LTS:0.0083 ppb or0.034 µg/m3).
 

Figure 6.2. Plotofthe data in Table 6.2 to
 
determine the DLAP forglutaraldehyde.
 

Table 6.3
 
Detection Limitofthe OverallProcedure
 

(ng) (µV-s)
 
masspersample area counts
 

0 1411
 
32.58 4649
 
65.16 7727
 
97.74 10163
 
130.32 12788
 
162.9 15272
 
195.48 18258
 
228.06 22262
 
260.64 24987
 
293.22 27984
 
325.8 31460
 Figure 6.3. Plotofthe data in Table 6.3 to
 

determine the DLOP forglutaraldehyde.
 

6.4 Reliable quantitation limit(RQL)
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The RQL is considered the lower limit for precise
 
quantitative measurements. It is determined from
 
the regression line parameters obtained for the
 
calculations ofthe DLOP (Section 4.3) providing at
 
least75% ofthe analyte is recovered. The RQL is
 
defined as the amount of analyte that gives a
 
response (YRQL)such that
 

YRQL - YBR = 10(SDBR)
 

therefore
 

Figure 6.4. Chromatogram ofthe RQL.
 
TheRQLforglutaraldehydewascalculatedtobe55.0
 
ngpersample(STS:0.44 ppbor1.8 µg/m3);LTS:0.02ppbor0.11 µg/m3). Therecoveryatthisconcentration
 
is essentially100%.
 

6.5 Precision (analyticalmethod)
 

Theprecisionoftheanalyticalprocedureismeasured asthepooledrelativestandard deviation(RSDP). Relative
 
standard deviationsaredeterminedfrom sixreplicateinjectionsofglutaraldehydestandardsat0.5,0.75,1,1.5
 
and 2 timesthe targetconcentrations. Afterassuring thatthe RSDs satisfythe Cochran testforhomogeneity
 
atthe 95% confidence level,RSDP was calculated to be 0.68% and 0.83% for the lower and higher target
 
concentration,respectively.
 

Table 6.5.1
 
Instrumentresponse to Glutaraldehyde atthe 10-ppb STS Concentration
 

× STS concn 0.5× 0.75× 1× 1.5× 2× 
ng persample 

area counts 

669.06 

72164 

892.08 

97542 

1338.12 

140820 

1784.16 

198141 

2453.22 

256688 
(µV-s) 72959 

72957 
98516 
98393 

142396 
142264 

197413 
198674 

260312 
261092 

72557 97352 142768 198553 262649 
73213 97366 142666 199091 263156 
72470 96927 140382 199682 257912 

Xx 72720.00 97682.67 141882.67 198592.33 260301.50 
SD 388.47 632.37 1018.59 779.59 2571.03 
RSD 0.53 0.65 0.72 0.39 0.99 
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Table 6.5.2
 

× LTS concn 

Instrumentresponse to Glutaraldehyde atthe 2-ppb LTS Concentration 

0.5× 0.75× 1× 1.5× 2× 
ng persample 

area counts 

2007.18 

215608 

2899.26 

320355 

4014.36 

432076 

5798.52 

650472 

7805.7 

885485 
(µV-s) 218628 

218996 
328115 
326240 

432589 
433613 

662534 
664159 

887672 
885390 

218803 327149 438510 656494 879843 
220680 327886 440416 657363 895223 
217201 327600 434058 650118 875522 

xX 218319.33 326224.17 435210.33 656856.67 884855.83 
SD 1729.85 2950.68 3422.33 5867.16 6757.8 
RSD 0.79 0.90 0.79 0.89 0.76 

The Cochran testforhomogeneity:
 

The criticalvalue ofthe g -statistic,atthe 95% confidence level,forfive variances,each associated with six
 
observations is 0.5065. The g -statistics are 0.4164 and 0.2363 for the 10-ppb STS and 2-ppb LTS
 
concentrations respectively. Because the g -statistics do not exceed the criticalvalue,the RSDs can be
 
considered homogenous and theycan be pooled (RSDp)to give an estimated
 

The (RSDP)s are 0.69% and 0.83% forthe 10-ppb STS and 2-ppb LTS concentrations respectively.
 

6.6 Precision (overallprocedure)
 

The precision ofthe overallprocedure is determined from the storage data in Section 6.7. The determination
 
ofthe standard errorofestimate (SEER)fora regression line plotted through the graphed storage data allows
 
the inclusion ofstorage time as one ofthe factors affecting overallprecision. The SEER is similar to the
 
standard deviation,exceptitis a measure ofthe dispersion ofdata abouta regression line instead ofabout
 
a mean. Itis determined with the following equation:
 

Yobs = observed % recoveryata given time
 
Yest = estimated % recoveryfrom the regression line atthe same given
 

time
 
n = totalnumberofdata points
 
k = 2 forlinearregression
 

k = 3 forquadratic regression
 

An additional5% forpump error(SP)is added to the SEER by the addition ofvariances to obtain the total
 
standard errorofthe estimate.
 

The precision atthe 95% confidence levelisobtained bymultiplying the standard errorofestimate (with pump
 
errorincluded)by 1.96 (the z -statistic from the standard normaldistribution atthe 95% confidence level).
 
The 95% confidence intervalsare drawn abouttheirrespectiveregression linesin thestorage graphs,asshown
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in Figures 6.7.1.a through 6.7.2.b. The precisions ofthe overallprocedure are 12.9% and 13.4% for10-ppb
 
STS refrigerated samples and for2-ppb LTS refrigerated samples respectively.
 

6.7 Storage tests
 

6.7.1 Storage testfor10-ppb STS
 

Storage samples were generated by collecting samples for 15 min at 2 L/min from a 10-ppb 
glutaraldehyde test atmosphere. The test atmosphere was generated by pumping a solution of 
glutaraldehydein methanolinto a heated manifold whereitevaporated into a heated airstream. The 
relativehumiditywas70% at23°C. Thirty-eightstoragesampleswereprepared. Eightsampleswere 
analyzedimmediatelyaftergeneration,fifteensampleswerestoredatreducedtemperature(4°C),and 
theotherfifteen were stored in the darkatambienttemperature (about22°C). Atthree to five day
intervals,three samples were selected from each ofthe two sets and analyzed. 

Table 6.7.1
 
Storage Testfor10-ppb STS
 

time ambientstorage refrigerated storage
 
(days) recovery(%) recovery(%)


0 100.0 109.0 108.5 100.0 109.0 108.5
 
108.2 106.9 105.0 108.2 106.9 105.0
 
104.9 104.2 104.9 104.2
 

5 99.3 97.3 95.3 92.0 100.6 103.8
 
8 91.6 98.4 94.2 90.3 100.1 97.4
 
12 88.4 94.6 88.4 100.3 99.2 98.2
 
15 90.6 88.0 86.3 99.6 100.2 97.9
 
19 85.8 84.9 86.9 101.9 100.3 101.2
 

Figure 6.7.1.a. Ambientstorage testfor10-
ppb STS. 

Figure 6.7.1.b. Refrigerated storage testfor 
10-ppb STS. 

Inspection oftheambientstoragegraphshowsthatthestoragelosswas21% during the19-daytest
 
period. OME Method Evaluation Guidelines require thatefforts be made to improve the sampling
 
method ifstorage loss is greaterthan 10% so thatrestrictions do nothave to be placed on sample
 
storagetimebeforeanalysis,oron samplestoragetemperature. Such attemptsweremade:sampler
 
treatments (in addition to DNPH and phosphoric acid)with ascorbic acid orwith alpha -tocopherol
 
(Vitamins C and E);and with diethylphthalate alone,and in combination with 4-tert-butylcatechol
 
(TBC). VitaminsC and E were selected becauseitwasthoughtthatthe observed instabilitycould be
 
caused byoxidation,TBC wastested because ithasbeen shown to improve storage stabilityofother
 
analytes,and diethylphthalate was used to retain TBC on the sampling medium. None ofthese
 
additionaltreatmentsimproved storage stability,in factthe presence ofVitaminsC and E resulted in
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even more instability. Itwas decided,considering thatthe loss was less than 25%,to continue to 
utilize the established sampling medium in the interests ofmethod consistency. The storage loss is 
only 6% when samples are stored at4°C therefore,samples suspected ofcontaining low levels of 
glutaraldehyde(such as10-ppb STS)should beshipped inan insulatedcontainerusing BluelceTM (or 
equivalent)byovernightdeliveryservice (FedEx,orequivalent). 

6.7.2 Storage testfor2-ppb LTS
 

The recommended sampling time forLTS is 4 hours. This sampling time is excessive forlaboratory 
use because only five samples can be collected simultaneously with the equipment available. 
Therefore,samples were collected from a more concentrated testatmosphere fora reduced time in 
order to provide approximately the same mass that would have been collected had a 2-ppb 
atmosphere been sampled for4 hoursat2 L/min. Fortysampleswere collected bysampling a test 
atmospherecontaining10.4 ppbglutaraldehydefor45 minat2 L/min. Therelativehumiditywas73% 
at22°C. Ten samples were analyzed immediately after generation,fifteen tubes were stored at 
reduced temperature (4°C) and the otherfifteen were stored in the dark atambienttemperature 
(about22°C). At2-5 day intervals,three samples were selected from each ofthe two sets and 
analyzed. 

Table 6.7.2
 
Storage Testfor2-ppb LTS
 

time ambientstorage refrigerated storage
 
(days) recovery(%) recovery(%)


0 103.3 99.1 100.6 103.3 99.1 100.6
 
100.8 100.0 100.0 100.8 100.0 100.0
 
100.0 98.4 99.3 100.0 98.4 99.3
 
96.2 96.2
 

4 106.9 101.8 102.3 105.9 117.9 101.9
 
7 105.7 105.2 94.3 100.7 104.7 95.0
 
11 106.5 101.7 98.5 103.1 105.5 104.0
 
14 97.9 99.5 88.3 111.2 103.9 98.2
 
19 105.9 94.6 92.8 109.1 102.4 103.8
 

Figure 6.7.2.a. Ambientstorage testfor2-ppbFigure 6.7.2.b.Refrigerated storage testfor2­

LTS. ppb LTS.
 

6.7.3 Abbreviated storage testfor2-ppb LTS
 

An abbreviated storage test was conducted at the 2-ppb LTS by collecting a limited number of
 
samples at2 L/min from a 1.9-ppb testatmosphere forthe fullfour-hourrecommended sampling

time. Thistestwasperformed to determine iftherewasa differencein storagestabilitybetween LTS
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collected fora reduced time and samplescollected forthe fulltime. Twentysamples were collected 
overfourconsecutivedays. Theaveragerelativehumidityofthetestatmosphereswas76% at24°C. 
Eightsamples were analyzed on the daytheywere collected,six were stored atapproximately22°C 
and six were stored at4°C. Six ofthe stored samples,three ambientand three refrigerated,were 
analyzed eithereightorten days following collection and the finalsix were analyzed eithereighteen 
ortwentydays aftercollection. 

Table 6.7.3
 
Abbreviated Storage Testfor2-ppb LTS
 

time 
(days)

0 

ambientstorage 
recovery(%)

96.6 95.7 95.8 

time 
(days)

0 

refrigerated storage 
recovery(%)

96.6 95.7 95.8 
94.2 87.0 94.5 94.2 87.0 94.5 
91.7 89.5 91.7 89.5 

8 86.2 86.2 83.2 10 93.4 90.8 91.3 
18 90.9 87.9 82.9 20 96.3 96.6 95.0 

Figure 6.7.3.a. Ambientstorage test Figure 6.7.3.b. Refrigerated storage test
 
(abbreviated)for2-ppb LTS. (abbreviated)for2-ppb LTS.
 

6.8 Reproducibility
 

6.8.1 Reproducibilityfor10-ppb STS
 

Six samples were prepared bysampling from a testatmosphere containing 10.4 ppb glutaraldehyde 
for15 minat2 L/min. Therelativehumiditywas82% at22°C. ThesamplesweresubmittedtoSLTC 
foranalysis. Thesampleswereanalyzed afterbeing storedfor10 daysat4°C. Sampleresultswere 
correctedforextractionefficiency. Nosampleresulthadadeviationgreaterthantheprecisionofthe 
overallprocedure determined in Section 6.6,which was ±12.9%. 

Table 6.8.1
 
ReproducibilityData for10-ppb STS
 

sample 

1 

expected 
(ppb)

10.4 

reported 
(ppb)

10.3 

recovery
(%)

99.0 

deviation 
(%) 

-1.0 
2 10.4 10.5 101.0 +1.0 
3 10.4 10.2 98.1 -1.9 
4 10.4 10.1 97.1 -2.9 
5 10.4 10.4 100.0 0.0 
6 10.4 9.7 93.3 -6.7 
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6.8.2 Reproducibilityfor2-ppb LTS
 

The recommended sampling time forLTS is 4 hours. This sampling time is excessive forlaboratory 
use because only five samples can be collected simultaneously with the equipment available. 
Therefore,reproducibility samples were collected from a more concentrated testatmosphere fora 
reduced time in orderto provide approximately the same mass thatwould have been collected had 
a 2-ppb atmosphere been sampled for4 hoursat2 L/min. Sixsampleswerecollected bysampling 
a testatmosphere containing 9.6 ppb glutaraldehyde for45 min at2 L/min. The relative humidity 
was 71% at23°C. The samples were submitted to SLTC foranalysis. The samples were analyzed 
afterbeing stored for3 days at4°C. Sample results were corrected forextraction efficiency. No 
sample resulthad a deviation greaterthan the precision ofthe overall procedure determined in 
Section 6.6,which was ±13.4%. 

Table 6.8.2
 
ReproducibilityData atMass Equivalentfor2-ppb LTS
 

sample 

1 

expected 
mass (ng)

3916 

reported 
mass (ng)

3718 

recovery
(%)

94.9 

deviation 
(%) 

–5.1 
2 3728 3526 94.6 -5.4 
3 3547 3280 92.5 -7.5 
4 3486 3250 93.2 -6.8 
5 3905 3890 99.6 -0.4 
6 3517 3350 95.2 -4.8 

6.9 Samplercapacityand additionaltests
 

6.9.1 Samplercapacity
 

The capacityofthe samplerforglutaraldehyde was determined at400 ppb in the originalevaluation
 
of Method 64. The breakthrough concentration was calculated by dividing the amount of
 
glutaraldehyde found on the backup filter by the airvolume sampled. Percentbreakthrough was
 
calculated by dividing the breakthrough concentration by the inletconcentration,and multiplying by

100. These tests were performed at 66% relative humidity at30oC. Five-percent breakthrough
 
occurred aftersampling for171 min at1 L/min,and the capacity ofthe samplerwas 256 µg of
 
glutaraldehyde.
 

Additionalsamplercapacitytestswereperformedforthiswork. Breakthrough(BT)termsweredefined 
as above. These tests were performed atapproximately 10-ppb glutaraldehyde,and 81% relative 
humidityat22°C. Thetestatmospherewassampledat2L/minusingtherecommendedtwo-section 
samplers. Five-percentbreakthrough was neverattained. The sample with the largestairvolume,
728 L,had about31 g ofglutaraldehyde which is wellbelow the 256-µg capacitydetermined in the 
originalevaluation. The recommended sampler has more than sufficientcapacity to monitor the 
2-ppb LTS. 
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Table 6.9.1
 
Breakthrough ofGlutaraldehyde Collected on Glass FiberFilters
 

Coated With DNPH and Phosphoric Acid
 

test airvol BTconcn inletconcn BT 
no. 

1 

(L)

137.0 

(ng/L)

0.095 

(ng/L)

42.82 

(%)

0.22 
247.5 0.055 0.13 
399.2 0.095 0.22 
489.1 0.26 0.61 
622.8 0.78 1.82 

2 395.0 0.0025 42.82 0.01
 
484.5 0.00 0.00
 
507.4 0.085 0.20
 
682.0 0.11 0.26
 
675.6 0.068 0.16
 

3 530.0 0.093 42.75 0.22
 
620.5 0.080 0.19
 
643.8 0.074 0.17
 
722.3 0.082 0.19
 
728.1 0.076 0.18
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6.9.2 Additionaltests
 

Additionaltesting ofthe sampling method was conducted atlow relative humidity (Section 6.9.2.a),
 
at1-L/min sampling rate (Section 6.9.2.b),and at5-min sampling times (Section 6.9.2.c). The
 
resultsfortheadditionaltestingarepresented asthepercentratio ofaverageresultsforeach tested
 
condition. Forexample,the percentratio ofthe average ofthe samplescollected atlow humidityto
 
the average ofsamples collected athigh humidity was 102.1. The effects ofozone,a reported
 
negative interference for formaldehyde collected on DNPH-treated silica gel,were tested (Section
 
6.9.2.d). Sample results obtained using open-face samplers were compared to results from
 
simultaneouslycollected closed-face samples (Section 6.9.2.e).
 

a) Humidityeffect
 

Thehumiditystudywasperformedbycollectingsamplesatasethumidity,changingthehumidity,
 
and then collecting additionalsamples as soon as the humidity stabilized. Two studies were
 
performed:onestudyathigh humidityof77% and 23oC and atlow humidityof27% at23oC (run
 
1);the otherstudyathigh humidityof93% at22oC and atlow humidityof29% and 22oC (run
 
2). Both tests were performed atabout10-ppb glutaraldehyde,2 L/min sampling rate,and
 
15-min sampling time.
 

Table 6.9.2.a
 
HumidityEffect
 

run no. 

1 

results atlow 
humidity(ng/L)

44.93 

resultsathigh 
humidity(ng/L)

44.77 

percentratio 
(low RH/high RH)

100.4 
2 38.59 37.17 103.8 

xX 102.1 

b) Sampling rate effect
 

The sampling rate studywasperformed bysimultaneouslycollecting samplesateither2 orat1 
L/min. Five individualtests were performed:2 tests atabout5-ppb,and 3 atabout9-ppb 
glutaraldehyde. The average relative humiditywas 70% at24°C 

Table 6.9.2.b
 
Sampling Rate Effect
 

run no. 

1 

results at1-L/min 
(ng/L)

21.84 

results at2-L/min 
(ng/L)

21.30 

percentratio 
(1-L/min/2-L/min)

102.5 
2 20.86 21.58 96.7 
3 37.64 38.04 98.9 
4 36.40 37.15 98.0 
5 42.32 45.93 92.1 

xX 97.6 

One experiment was performed in which results from samples collected at either 0.5 or at
 
2-L/min were compared. The percentratio (0.5/2-L/min) was 37.90 ng/L/39.23 ng/L =
 
96.6%.
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c) Sampling time effect
 

The sampling time studywas performed bycollecting a setofsamples for15 min,and another 
setfor5 min. The sampling rate was 2 L/min,the glutaraldehyde concentration was about11 
ppb,and the relative humiditywas 81% at22°C. 

Table 6.9.2.c
 
Sampling Time Effect
 

5-min results 15-min results percentratio
 
(ng/L) (ng/L) (5-min/15-min)


48.00 45.50 105.5
 

d) Ozone interference
 

Ozonehasbeenreportedtobeasignificantnegativeinterferencein formaldehydemethodswhich
 
utilize DNPH-coated silica geltubes (Ref7.4). The interference was caused bythe reaction of
 
ozonewith theformaldehyde-DNPH derivative. Theformaldehydelevelsstudied were20,40,and
 
140ppb;andtheozonelevelswere0,120,300,500,and770 ppb. Formaldehydederivativeloss
 
wasgreaterathigherozonelevels,withsampling lossesofapproximately60% at300 ppb ozone.
 
The amount of formaldehyde derivative lost depended more on the ozone levelthan on the
 
formaldehyde level.
 

The data in Table 6.9.2.d.i(and in Figure 6.9.2.d.i)shows thatozone can also be a significant
 
negativesampling interferenceforthismethod. Theinterferencewasnotseverefor15-minSTS
 
as shown bythe data in Table 6.9.2..
 

LTSexperimentswereconductedbysamplinga10-ppbglutaraldehydetestatmospheretocollect 
the mass expected in 2-ppb LTS,and then using the same samplers to sample a separately 
generated ozone test atmosphere for 4 hours. The relative humidity of the glutaraldehyde 
atmospheres was about80% at23°C,and about50% at23°C for the ozone atmospheres. 
Theseexperimentsrepresentedtheworstcasebecausethefullamountofglutaraldehydederivative 
was available to reactwith ozone. Foursamples were collected from the glutaraldehyde test 
atmosphere foreach experiment,two samples were used as controls (no ozone),and two were 
used to samplethe ozonetestatmosphere (ozone). Glutaraldehyde (glut)resultsfrom each set 
oftwosampleswereaveraged,andthepercentratioofglutaraldehyderesultsfrom sampleswhich 
had been exposed to ozone to resultsfrom corresponding sampleswhich had notbeen exposed 
to ozone was calculated. The ozone dose is a measure oftotalozone exposure,and itwas 
calculated by multiplying ppm ozone by L of air sampled. Figure 6.9.2.d.ishows that 95% 
glutaraldehyde recovery occurs at about 4.6 ppm×L ozone dose. Solution of the equation 
(4.6=ppm×L)for0.04 ppm (40 ppb)ozone gives 115 L. This is the airvolume thatcould be 
sampled if40 ppb ozone were presentand stillgive 95% glutaraldehyde recovery. 
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Table 6.9.2.d.i
 
Ozone Interference
 

ozone ozone dose glut(ng/L) glut(ng/L) ratio
 
(ppm) (ppm×L) ozone no ozone (%)
 

0.0 0 40.77 40.00 101.9 
0.016 7.57 34.81 39.08 89.1 
0.02 9.46 35.02 39.59 88.5 
0.06 28.89 31.28 39.42 79.4 
0.10 47.43 26.91 42.32 63.6 

Figure 6.9.2.d.i. Ozone interference. 

The experimentalresultsin Table6.9.2.d.iiwereobtained bycollecting setsoffoursamplesfrom 
glutaraldehydetestatmospheres(either2 or10 ppb,and about80% relativehumidityand23°C)
for15 min and then using two ofthe samples to sample ozone testatmospheres for15 min. 

Table 6.9.2.d.ii
 
Ozone Interference forSTS
 

glutconcn 
(ppb)

10 

ozone dose 
(ppm×L)

7.23 

ozone/no ozone
(%)

89.8 
10 5.46 93.1 
2 7.78 91.7 
2 1.12 95.1 
2 4.43 95.6 

Two similarexperimentswereperformed in which theozonetestatmospherewassampled before
 
sampling the glutaraldehyde atmosphere to determine ifozone deactivated the reagent-coated
 
sampling medium. Thepercentratioswere99.6 and102.0. Theseresultsshow thatthequantity
 
ofDNPH reagentcoated on the filteris sufficient,and thatthe interference is primarily caused
 
byozone reacting with the glutaraldehyde derivative.
 

Twoadditionalsimilarexperimentswereperformedbyfirstsamplinga10-ppbglutaraldehydetest
 
atmosphere foreither 67 or46 min,and then sampling ambientindoorSLTC air(during the
 
month ofDecember)for4 hourswith the same samplers. Theambientozone levelswere 8 and
 
4 ppb,respectively. The percentratios were 98.2 for8-ppb ozone,and 91.6 forthe 4-ppb
 
ozone tests. These results show thatsampling ambient(December)SLTC airhad no extreme
 
effecton glutaraldehyde recovery.
 

Theozoneinterferencemanifestsitselfbyreactingwiththeglutaraldehydederivative. Theproduct
 
of the interference has not been detected in chromatographic analysis. The severity ofthe
 
interference depends both on the ozone leveland on the length ofexposure time. The most
 
expedientapproach to solvetheproblem wastoattemptto modifythesampling method in order
 
to reduce oreliminate the interference. One way to accomplish this would be to develop an
 
ozone-scavenging filterwhich could be placed in frontofthe sampling filters,and which would
 
removeozonebeforeitcould reactwith the DNPH derivative. Aliteraturereview revealed several
 
reagents which have been used in airsampling to remove ozone. Some ofthe reagents are
 
mixturesofpotassium iodideandglycerol(Ref.7.5);sodium thiosulfate,potassium carbonate,and
 
glycerol(Ref.7.6);and sodium nitrite,potassium carbonate,and glycerol(Ref.7.7) (OSHA's
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ozone-samplingreagent). Glycerolisusedasanon-volatilesubstrate,andpotassium carbonate
 
provides a chemicallybasic environmentto enhance the reaction with ozone.
 

Severaldifferentcombinationsofthesemixturesweretestedbycoatingthem onglassfiberfilters
 
and incorporating them into standard glutaraldehydesamplers. The modified samplersconsisted
 
ofan ozone-scavenging filterplaced in the same cassette as the DNPH filters,in frontofthe
 
glutaraldehyde sampling filters,and separated from the DNPH filters by a cassette ring in the
 
same manneras the two DNPH filters are separated. Modified and standard samplers,used as
 
controls,were used to sample glutaraldehyde testatmospheres. In each case glutaraldehyde
 
results were significantly lower in samples using reagent treated pre-filters than in control
 
samplerswithoutpre-filters. Thereducingchemicalscoatedonthepre-filtersapparentlyreacted
 
with glutaraldehyde before itcould reach the DNPH-treated sampling filters.
 

GoodyearRubberformulates antiozonants into some oftheirproducts to preventdamage from
 
atmospheric ozone. A colleague atGoodyearwas contacted and asked to suggestchemicals
 
which might eliminate or reduce the ozone interference in this method. Nickel dibutyl
 
dithiocarbamateand Goodyear'sproduct,Wingstay300 (N-(l,3-dimethyl-butyl)-N'-phenyl-p ­
phenylenediamine)were identified aspossible candidates. A Goodyearemployee said thatnickel
 
dibutyldithiocarbamate wasthe mosteffective antiozonanttheyhad evertested,butthatitwas
 
toxic. Goodyear also supplied a small sample of recrystallized N-(1,3-dimethylbutyl)­
N'-phenyl-p -phenylenediaminefortestingpurposes.Theirassistanceisgratefullyacknowledged
 
and appreciated.(Ref.7.8)
 

Nickel dibutyl dithiocarbamate (NIDBTC) and N-(1,3-dimethylbutyl)-N'-phenyl-p -
phenylenediamine (DMBPPDA)were both tested in the same manneras the inorganic reducing 
chemicals. Preliminary studies were made in which the reagentlevels were varied,and 7.5 mg 
ofreagentperpre-filterwasselected asoptimal. Experimentswere performed in which setsof 
six samples were collected from a 10-ppb glutaraldehyde testatmosphere (about80% relative 
humidity and 23°C)fora sufficienttime to collecta similarmass as would be collected in a 
4-hoursample at2-ppb glutaraldehyde. Foursamplers were modified byplacing a glass fiber 
filterwhich had been coated with 7.5 mg ofantiozonantin frontofthe DNPH filters so that 
sampled airfirstpassed through the ozone-scavenging filter(OSF)and then through the DNPH 
filters. The OSF was separated from the DNPH filters with a cassette ring in the same manner 
thattheDNPH filtersareseparated. Two ofthefoursamplerswith theOSFwereused to sample 
an100-ppbozonetestatmosphere(about50% relativehumidityand23°C)(ozone)at2 L/min, 
and theothertwosamplerswereusedascontrols(no ozone). Theremaining two samplerswere 
standard samplers(no OSF),were used to sample onlythe glutaraldehyde testatmosphere,and 
were used as the benchmark (BM). Results are expressed as the percentratio ofeitherozone 
ornoozonetoBM concentrationanalyticalresults. Thepercentratiosofozonetonoozonewere 
also calculated to determine the effectiveness ofthe OSF. 

Table 6.9.2.d.iii
 
Reduction ofthe Ozone Interference
 

reagent 

NiDBTC 

ozone dose 
(ppm×L)

43.17 

ozone 
(%)

91.9 

no ozone 
(%)

95.2 

ozone/no ozone
(%)

96.5 
NiDBTC 36.85 85.7 91.8 93.4 
DMBPPDA 35.62 91.8 95.2 96.4 
DMBPPDA 48.08 94.6 97.3 97.2 
DMBPPDA 48.25 91.1 95.3 95.6 

These resultsshow thatboth reagentsused to prepare OSFswere generallyeffective. DMBPPDA
 
was selected foruse in this method because NiDBTC was identified as a suspectcarcinogen on
 
the MSDS thatwas included with the reagent. The OSF should be used only when ozone levels
 
insampledairareabove10 ppb,andmakeitsinclusionnecessary(Table6.9.2.d.i). Ozonelevels
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less than 10 ppb do notrequire OSF. As an alternative to using OSF,the airsample volume
 
could be reduced. Figure 6.9.2.d.ishowsthat95% recoveryisattained atan ozone dose of4.6
 
ppm×L. A"safeairvolume"thatwouldresultin 95% recoverycould becalculated bydividing 4.6
 
by the ppm ozone levelatthe sampling site. Forexample:ifthe ozone levelwere 0.020 ppm
 
(20 ppb),the "safe airvolume"would be 230 L. Itis unnecessaryto use OSF when collecting

15-min STS as shown bythe data in Table 6.9.2.d.ii.
 

e) This method uses open-face sampling so thatthe fullsurface ofthe DNPH-coated filter is
 
available for reaction with incoming glutaraldehyde and that sampler capacity is maximized.
 
Glutaraldehydesampleswerecollectedwithina5 galglasscarboyconnectedin-linewiththeOME
 
vaporgenerationapparatus. Sampleresultsfrom open-facecollection werecomparedtoresults
 
from closed-facecollection. TheDNPH-glutaraldehydederivativeishighlycolored,andacolored
 
spotabout1.5 cm diameterwasobserved on closed-facesampleswhileno such spotwasseen
 
onopen-facesamples. Thisfactindicatesthatopen-facesamplingwashavingitsdesiredeffect.
 
There was no significantdifference between open and closed-face sampling.
 

Table 6.9.2.e
 
Sample Results
 

sampling rate sampling time open face closed face open face/closed face
 
(L/min) (min) results (ng/L) results (ng/L) (%)


2 240 7.43 7.49 99.2
 
2 48 33.43 33.66 99.3
 
2 64 35.28 36.14 97.6
 

6.10 Extraction efficiencyand stabilityofextracted samples
 

6.10.1 Extraction efficiencyatthe l0-ppb STS concentration
 

Theextraction efficiencies(EE)ofglutaraldehydeweredetermined byliquid-spiking coated filterswith
 
amounts of glutaraldehyde-DNPH approximately equivalent to 0.05 to 2 times the 10-ppb STS
 
concentration. Thesesampleswerestored overnightatambienttemperatureand then extracted and
 
analyzed. The average extraction efficiency overthe working range of0.5 to 2 times the target
 
concentration was 98.9%.
 

Table 6.10.1.1
 
Extraction EfficiencyofGlutaraldehyde from Coated
 
Filters atthe 10-ppb STS TargetConcentration
 

× STS concn 0.05× 0.1× 0.2× 0.5× 1× 2× 
(ng/sample)

EE (%) 

54 

100.8 
99.8 

108 

92.6 
90.1 

244 

94.0 
99.6 

597 

100.4 
99.0 

1356 

101.0 
99.0 

2442 

99.5 
100.2 

104.1 95.7 96.1 96.7 97.8 104.8 
92.5 83.9 95.5 94.1 99.0 98.7 
106.0 94.6 94.5 95.7 101.2 96.3 
99.7 96.2 95.1 96.8 98.7 101.6 

xX 100.5 92.2 95.8 97.1 99.4 100.2 

The stability ofextracted samples was investigated by reanalyzing the 1×STS about16 h afterthe
 
initialanalysis. Afterthe originalanalysis was performed,three vials were recapped with new septa
 
while the remaining three retained theirpunctured septa. The samples were reanalyzed with fresh
 
standards. The average percentchange was +1.7% forsamples thatwere resealed with new septa
 
and +1.7% forthose thatretained theirpunctured septa.
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Table 6.10.1.2
 
StabilityofExtracted Samples atthe 10-ppb STS TargetConcentration
 

punctured septa replaced punctured septa retained
 

initialEE EE after difference initialEE EE after difference
 
(%) one day(%) (%) (%) one day(%) (%)


101.0 101.6 +0.6 99.0 103.3 +4.3
 
99.0 102.0 +3.0 101.2 101.8 +0.6 
97.8 99.4 +1.6 98.7 98.8 +0.1 

99.3 
averages
101.0 +1.7 99.6 

averages
101.3 +1.7 

6.10.2 Extraction efficiencyatthe 2-ppb LTS concentration
 

Theextraction efficiencies(EE)ofglutaraldehydeweredetermined byliquid-spiking coated filterswith
 
amounts of glutaraldehyde-DNPH approximately equivalent to 0.05 to 2 times the 2-ppb LTS
 
concentration. Thesesampleswerestored overnightatambienttemperatureand then extracted and
 
analyzed. The average extraction efficiency overthe working range of0.5 to 2 times the target
 
concentration was 99.7%.
 

Table 6.10.2.1
 
Extraction EfficiencyofGlutaraldehyde from Coated Filters
 

atthe 2-ppb LTS TargetConcentration
 

× LTS concn 0.05× 0.1× 0.2× 0.5× 1× 2× 
(ng/sample)

EE (%) 

217 

93.3 
93.4 

434 

99.4 
99.8 

841 

99.1 
96.3 

2170 

100.0 
101.3 

4340 

100.9 
111.4 

8410 

98.8 
100.2 

94.3 98.6 108.9 101.3 95.4 98.0 
101.4 105.7 96.6 96.0 95.7 101.0 
95.9 100.2 99.3 99.4 95.1 101.5 
97.3 98.2 94.4 99.8 101.1 98.9 

xX 95.9 100.3 99.1 99.6 99.9 99.7 

Thestabilityofextractedsampleswasinvestigatedbyreanalyzingthe1×LTSabout16haftertheinitial
 
analysis. Afterthe originalanalysis was performed,three vials were recapped with new septa while
 
theremainingthreeretainedtheirpuncturedsepta. Thesampleswerereanalyzedwithfreshstandards.
 
The average percentchange was -0.7% forsamples thatwere resealed with new septa,and +2.0%
 
forthose thatretained theirpunctured septa.
 

Table 6.10.2.2
 
StabilityofExtracted Samples atthe 10-ppb STS TargetConcentration
 

punctured septa replaced punctured septa retained
 

initialEE EE after difference initialEE EE after difference
 
(%) one day(%) (%) (%) one day(%) (%)


100.9 101.6 +0.7 95.7 98.1 +2.4
 
111.4 108.2 -3.2 95.1 98.3 +3.2
 
95.4 95.9 +0.5 101.1 101.4 +0.3
 

averages averages

102.6 101.9 -0.7 97.3 99.3 +2.0
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6.11 Qualitative analysis
 

The UV spectrum for the DNPH derivative of
 
glutaraldehyde was obtained with a HewlettPackard
 
Model1HP-1090LiquidChromatographequippedwith
 
a diode arraydetectorand using a RestekT0-11 LC
 
column.
 

Figure 6.11. UV spectrum ofglutaraldehyde
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