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A new method is described and validateci for the measurement of airborne 

formddehyde using solid phase e-maion (SPE) cartridges irnpregnated with 3,5- 

bis(uiff uorornethy1)phenyihydrazine CIFMpH). Anaiysis by gas chromatography 

with electron capture detection (GC-ECD) provides a deteaion h t  of 74 ng 

formddehyde per sarnple. A field study war conduaed to compare the use of 

this method to the US Environrnentd Protection Agency (EPA) rnethod TO-11, 

which uses 2,1-dinitrophenyihydrazine (DNPH) and the National Institue for 

Occupational Safev & Hdth (NIOSH) chromonopic aad (CTA) method 

(NiOSH method 3500). Samples were collecteci from a variety of indoor and 

outdoor environmenu known or suspecteci to conrain formddehyde. Use of 

TFMPH with GC-ECD analysis correlates wel with bodi medioh (R2=Q93, 

dope-1.09 vs. DNPH; RZ=0.96, slope=l.Ol vs. CTA). Spiked sarnples were 

shown to be stable at least 14 days when stored at -20 OC. A d y ~ s  of samples by 



gas chromatography-mass spectromeuy with selected ion m o n i t o ~ g  (GC- 

MS/SU@ has also proved feasible, widi a deteaion limit comparable to that 

obtained by GC-ECD. Ali instrument calibrarions were carried out by vapour 

spiking precise masses of aldehyde ont0 the sarnpling caruidges. For field 

sampling at environmental concentrations ( ~ 2 5  ppbv) of formaldehyde, 
l r s d x i û r .  ûf dit f ~ ~ ~ ~ d ? c h j - & - ~ U I  I hycLuuiie c m  br correc~ea ror rtirough 

the use of potassium iodide ozone scrubbers and by performing an 'oxidation 

blank' subtnction from the standard curve. Laboratory and field results show the 

use of TFMPH to be viable for quantdymg irbome formaldehyde in 

occupationai and environmental samples. Also d e m o m t e d  is the potenual for 

applymg TFhlIPH as a deriv~tizing agent for meanulg orher airborne carbonyls. 
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GLOSSARY 

TFMPH. 3,j-bis(uinuoromethyl)phenylhydrazine. 

DNPH. I,+dinitrophenyihydr;izLie. 

CTA. Chromonopic aad. 

GC-ECD. Gu chromatognphy with electron caprure detection. 

GC-NPD. Gu chromatography with nitrogen-phosphorous detection. 

HPLC-UV. High performance iiquid chromatography with ultraviolet detection. 

Formaldehyde. A ubiquitous airborne pollutant and suspecteci hurnan 
carcinogen. The simples of the aidehydes. 

SPE. Solid phase e.urnction. 

GC-MS (EI). Gu chromxognphy with maris specuomecric detection using an 
elearon impact ion source. 

GC-MS (SIM). Gas chro matogap h y widi mass s pectrometric detection using 
an elecrron impact ion source nith selected ion monitoring. 

19F-NMR. Fluorine nudear magnetic resonance. 



C h a p r e r  I 

INTRODUCTION 

Aldehydes are significant constituenu of indoor and outdoor air pollution, originating korn 

a diverse range of sources induding environmental tobacco smoke (ETS), out-gasing of 

building materiais, the Licomplete combustion of fossil fuels and industrial processes such 

JS smelting (National Research Council, 1980). In gened, there is ubiquitous exposure to 

aldehydes in the home, environment and workplace. Whde natud sources of ddehydes do 

exin through the photooxidation of naturaiiy ocolmng hydrocubons (Cariier, 1986), 

exponire associateci with hurnan toxiary is h o a  exclusively linked to mthropogenic 

1.1. Toxicity of Formaldehyde 

Formaldehyde is the simplest aidehyde, but likely the mon: extensively midieci due to its 

widespread use in industxy (National Research Council, 1980) and because of its hi& 

toxic properties ( ' e m a n ,  1984). More spetificayl, workplace midies of workers exposed 

to formaldehyde as weli as controlled exposure midies have shown the target organs to be 

the skm, eyes and respiratory tract (Sim and Pattle, 1957; Schuck et al., 1966; Roth, 1969; 

Porter, 1975). Death foilowing acute poisonhg widi inMed formaldehyde has been 

reported (Porrer, 1975), but is rare. 

Fi+ low-level(O.01-2.0 ppmv) occupational exposures to f o d d e h y d e  have been 

reported to cause asthma, mucous membrane imitation, neurophsychological effeas and 

malignant disease (Ritchie and Lehen, 1987; Thrasher etal,  1987; Horvath et& 1988). 

Although asthmatic ana& caused by f o d d e h y d e  cm in some cases be the result of 



formaldehyde sensitization, formddehyde appears to more commonly a a  as a direct irritant 

ro the upper airways of penons who already niffer from astbma from other causes 

(National Research Cound, 1980). Although asthmaac symptoms are ody evident in 

some s e n s i d  abjects, formaldehyde does produce bronchioconstriction at irritant 

concentrations in mox individuais (National Research Cound, 1990). 

Acute inhalation of fomaldehyde causing sensory irritation has been s h o m  to be 

concentration dependent (ACGM fomaldehyde docurnenration, 199 1). in addition to 

being a severe I&ymator, formaldehyde is also known to cause irritation of the nose, 

throat and lungs. Cellular changes in the upper respirarory uacr have also been observed in 

m i m a i s  exposed to fomaldehyde (ACGIH lormaldehyde documentation, 199 1). Aker 

exposing nts to 0.5 ppmv formddehyde for chree diiys, mucoalivy action in the nasal 

cavity ws inhibited (Edling tt d, 1985). It is beiieved rhat this mhibition of m u c d a r y  

acrivitv c m  hmder the drairung of secretions from the sinuses and the lacrimal glands, one 

of the nomd  functions of the nasal cavity (USEPA, 1987). 

Biochernidy, diphatic aldehydes such as formaldehyde are direct-acting bioreaaive 

elemophiles (Schultz ad, 1994). Because they require no metabolic activation to evert 

their toxiaties, Jliphatic aldehydes are more toxic at lower concentrations than unreactive 

compounds of equal hydrophobiaty (Schultz ad, 1994). Reaction is moa Lely to occur 

with nucleophilic groups in proteins and nudeic acids. Interaction with rhese nudeophiles 

is chrough addition at the carbonyl group of the aldehyde (Hermens, 1990). The hi& 

degree of aliphatic aldehyde acute coxicity at or near the sire of e-xposure (eyes, skin and 

upper respiratory tract) can therefore be explaineci by the hi& reactive nanue of rhese 

compounds in theù parent forms. 

Numerou agenaes induding the International Agency for Research on Cancer (LARC) 

classify formaldehyde as a probable human carcinogen W C ,  1982). This is due in part to 

the induction of squamous cell carcinomas and numerous benign tumors in the nasal 

passages of mice and rats exposed to formaldehyde (Feinman, 1988). This animal data is 



h i d e r  supported by human case snidies involving prolonged occupationai exposure to 

f o d d e h y d e  (Hemberg ad, 1983; Blair ttd, 1986; Vaughn et& 1986;i; Vaughn etd, 

19S6b). 

.Z. Anidyucd Mediods for Fomaldehyde 

Esrablishing amdards md estimaring risk assoaared widi exposure to formddehyde 

requires P good anaiyticd technique for accuntely quanti fyuig the e.xponire. Numerous 

techniques have been proposed, with v;uying degrees of niccess. Sorne noteworthy 

examples include the following: 

1.2.1. Colourimeuic Methods 

The most frequendy used and accepted of these merhods is NIOSH method 3 5 0  

(1994, FomwMw by VüiMe A Lmdme (VIS). AL simples are passed rhrough liquid 

impingers containhg a 1°/o sodium bidphite solution. For colour development, 

chromotropic acid and dphuric acid Xe dded  prior to measuting absorbante at 580 

m. h explanation of the u n d e r h g  theos, behind the development of the renilting 

purple colour is provideci by Fiegel (1966). 

Aldiough th is  chromotropic acid (CTA) mahod is hi& sensitive with an estimateci 

limit of deteaion (LOD) of 0.5 pg per sample (NIOSWOSHA Standards Completion 

Program Contract Report, 1976; Southem Research Insritute, 1983), numerous 

interferences have been reported. Intedering compounds indude oxidizable orgaric 

materials (NIOSWOSHA Standards Completion Program Contrat Repos 1976), 

phenol (Miksch, 1981), ethanol and higher molecular weight alcohols, o l e h ,  aromatic 

hydrocarbons (Sleva, 1965) and cydohevane (NIOSH Manual of An*d Mahods, 

1977). The mon signifiant of these is the interference from phenol, which may 

produce a 15% negative bias at phenol to foddehyde mios as low as 0.3 (hlWxh, 



198 1). These interferences make the CTA method ill-suited for trace environmental 

sampling, where ~henol and other interferhg compounds are oken present at 

significant concentrations relative to formaldehyde. Also Limiteci is the applicability of 

NIOSH method 35ûû to occupational hygiene samphg. This is due co interferhg 

compounds often used in conjunction wirh fomwldehyde in h d d d  setllngs, and 
. . . . 1' ' Y c m c  d:hc ~~r '~ - ; t '& i , c j s  ûf üskg $AS iqxiigers i û ~ i i m g  i~quci tûUtcTiün 

medium for personal sarnpllig. 

ho the r  common colourimetric method for meaniring airborne formaldehyde u&s 

pmosaniline as the chromagen. However, unlike the CTA rnethod, this method is 

prone to significant interferences from other ddehydes, including acetddehyde and 

acrolein (Mhch et& 198 1). In addicion, the CTA method was found to have a greater 

ovenll accuncy and c o k i o n  effciency than the panrosanillie method, likely due CO 

the inaeased sample nability afforded by the 1% sodium bdphire iibsorbing solution 

(Peueas ad, 1986). 

1.2.2. Polarographic Methods 

An example of a polarographic method for formddehyde is provideci by Septon and 

Ku (1982). Using ths  method, air sarnples are collectecl in midget fritteci glas bubblers 

containing a 10°h methanol aqueous solution. Methanol is induded to prevenc 

polymerization of the formaldehyde. Following samphg, the collecteci formddehyde 

is derivatized with 2,4dinitrophenyihyiIrazine (DNPH) and the resullig hydrazone 

denvative measured by differential pulse polarography in acetate buffer at a dropping 

mercury elecuode. As with the C ï A  method described above, this method suffen 

from an inconvenient sarnpiing apparatus for application to personal sampllig. 

Overall, polarographic techniques have not been widely applied to meaniring &me 

aldehydes and moa euisting methods have been poorly documenteci, making ;ui 

assessment of polarographic techniques for formaldehyde diffcuit and incomplete 

(Ocson and F e h ,  1988). 



i . tJ .  Hi& Performance Liquid Chromatography (HPLC) Methods 

The mon widelv used and accepteci of HPLC methods is derivatization of airborne 

formddehyde on silica or C-18 solid phase emct ion (SPE) carvidges impregnated 

with DNPH, foliowed by analysis of the redtant hydrazone by HPLC-UV ar 360-370 

nm (Kuwata a d, 1983). In addition to fomldehyde, this derivatization technique is 

routineiy applied to meanire nurnerous other ddehydes induchg acrolein, acetaldehyde 

and glutddehyde (Goelen ad., 1997). The chernical structure of DNPH and a 

genenl schematic of the derivatintion is provideci in figure 1.1. Aadic conditions are 

used to facilitate the acid-atdlyzed dehydntion reaction which forms the aldehyde- 

DNPH hydnzone andyte. DNPH solid phase derivatization remains a popular 

technique due to its ease of use and adequare sensitivity for occupational and 

environmental ievels of ddehydes. 

DNPH Aldehyde Hydrazotie derivative 

1 Figure 1.1: DNPH structure and aldehyde derivatkation sdieme. 

While widely accepted iuid validateci (Druzik @a!, 1990; Grosjean and Grosjean, 1995; 

Kleindienst et al, 1998), the use of this merhoci has several disadvantages. Most 

nocabty, because the separation technique is HPLC, the chromatopphic resoluaon is 

not as great as the peak resolution achievable with a gas chromatographie (GC) 

method. This limits the a c m c y  of die DNPH HPLC-UV methoà when anayrtng 

aldehydes in complex air samples. Also, unJike GC methods, HPLC methods produce 

signifiant arnounrs of solvent wacre. In terms of analyte detection, HPLC with UV 



detecrion does not offer as much sensitiviry as many of the GC dxecxon currently 

available. 

An additiond problem may aise when sampling in the presence of ozone. It has been 

wel docwnented thar the DNPH ragent cm react with ozone to foxm several 

produas (h and Tejada, 1989; Smith ct d , 1989). These reacùon produm can CO- 

elute with the hy&one(s) of interea, rnaking necessary die use of dual wavelengdi 

detecrion to CO& or refute the presence of interferences (Potter and K m ,  1996). 

This ozone interference c m  be overcome with the use of potassium iodide scmbbers to 

remove the ozone before the air sample reaches the DNPH caruidge. However, these 

ozone scrubbers require modente water concentmions (>4C00 ppmv; RH > IOOh at 

25 "C) co be effective (Kleindienst ad, 1998). A recent atrernpt hds been made, wich 

some success, at u&g 1-rnethyl- 1-(2,~-diniuophenyl)hydnzine instead of DNPH AS 

the derivatizing agent for HPLC-UV malysis, in the hope that this agent would have a 

more predictable reactivity towards ozone (Büldt and Karst, 1997). 

Goelen a al (1997) observeci that nor all aldehyde-DNPH hydrazone derivatives are 

stable on the SPE cartridges. With the sampling rime mging from 1 to 2.5 hours and a 

relative hurnidicy of 42 to 80°/0, fewer than 80% of the laboratories partiapating in this 

mdy were able to achieve an overall uncertainty les  than 30% for f o d d e h y d e  when 

the concentrations were varied from 0.3 12 to 1.46 ppmv. Nevertheless, derivakation 

with DNPH followed by HPLC-W ;uidysis remalis among the moa cornmon 

techniques used for m e a n i ~ g  airborne aldehydes. This can be attributed to the faa 

thx  the method is relatively easy to use and is well validated wirh respect to parameters 

such as simple collection effiaencies, potenual inrerferences and analysis protocols. 

Also, the use of DNPH with HPLC-UV does provide results within 30% of the m e  

value in the majoriry of cases (Goelen ad, 1997). 



Another important denvatking agenr used in HPLC analysis of airborne carbonyls is 

dansylhybazine (DNSH). This compound fonns fluorescent hydrazones with 

carbonyl, dowing for the use of hi& sensitive fluorescence detecrion (Schmied et al, 

1989; Nondek a d ,  1992). The detecrion limits of rhis method for formaldehyde and 

acetddehyde are quite low: O. 1 ppbv for a 1 litre air sample coilected ac Iûû d m i n  

(Nondek a al, 1992). Figure 1.2 gives the chernical nructure of DNSH and the 

cubonyl denvatkation scheme. 

DNSH 

1 
O=S=O 

k f N h  

R I  

Aldehyde or Ketone 
A R 2  

Hydrazone 

Figure 1.2: DNSH structure and aldehyde derivatization scheme. 

Several direct GC rnethods have been described in the literatwe. These techniques 

make use of a formddehyde adsorbent ofien compnsed of molecular sieve 13X. One 

such methoci, employed by Yokouchi a d (1979), made use of the molecular sieve 13X 

to sample formddehyde. FoUowing sarnpling, the foddehyde was cherma& 

desorbed onto die analyucal column and detected by mas specvomeuy (MS) using 

mass fiagrnenu ( d z )  29 and 30. Unfornuiarely, storage mdies showed the 

f o d d e h y d e  to be stable on the sieve for ody 24 hours at ambient temperatures, even 

when the adsorption tube was s d e d  with silicone nibber. While this technique was 

7 



found to be quite sensitive for f o d d e h y d e  (0.3 ppb deteaion limit for a 1 L sarnple 

with a signai-to-noise ratio of 3 or more), direct GC methods in general have not found 

widespread application due in part to the poor stability of die ddehyde +es and the 

GC detector lLnitations uiherent in a n h g  undenvatid aldehydes (Otson and 

F e h ,  1958). 

1 .L.S. (;C: Oenvauzauon Methods 

In recent years, derivatintion techniques for mesuring airborne ddehydes by GC have 

gained considenble attention as possible alternatives to the use of DNPH with HPLC- 

UV malysis. Indeed, some have gone as far as attempting to malyze ddehyde-DNPH 

hydnzone derivatives by GC, uni@ with f lme ionkation deteaion (FD) ( D e G d  et 

d, 1996). Since moa merhods ullliung DNPH on eidier C-18 or silica SPE carcridges 

c d  for elution with acetoniuile, use of a nitrogen phosphorous deteaor (NPD) for the 

ddehyde-DNPH hydmones would require seleaion of morher eluthg solvent, since 

acetonitrile would overload the detector. Regardless, DNPH is by no means the 

optimum denvatizing agent for the analysis of aldehydes by GC, since its rwo nicm 

moieties greatly inhibit the rnolecule's volatility, the key limiting factor. 

Most work has gone towarb developing new derivarizhg agents bener suiteci for 

analysis by GC. One widely accepred technique is MOSH method 2541, Fcnmd&& 

by GC (1994). This method cails for the derivatization of airborne formaldehyde on 

XAD-2 solid sor bent tubes impregnated with 2-(hydroxymethyl)piperidine (FIMI'). 

Once sarnpiing is complete, the oxazolidlie denvative of fonnaldehyde is anal& by 

GC-FID. Although the sarnphg device is more convenient and suffers from fewer 

interferences than MOSH method 3500, this mahod is not as sensitive as the CTA 

merhod and is therefore ody usehil in occupational environmenü; the estimatecl LOD 

of method 2511 is 1 pg per sample, compared to 0.5 pg per sample for methocl 3500 

(NiOSH Manual of hayUcal  Methods, Fourth Edition, 19%). 



Lempuhl and Birks (1996) developed the use of 2,4,6-t ridilorophenyulydrazine 

for the derivatkation of irborne formaldehyde with ~bsequent  analysis bjj 

GC with electron capture deteaion (ECD). Unlike the use of DNPH in GC malysis, 

TCPH has the added advanrage of being nifiaently volatile for easier GC analysis 

without the problem of thermal decomposition assotiared with DNPH (Hoshika and 

Takata, 1976). Unlike most DNPH methods described in the literasure, the TCPH 

method requires no acid addition to the sampling device to aid in the formation of the 

andyte hydrazones. Inaead, a sampling device incubation t h e  of 6 min at 100 "C 

foUowing sampling was found to be suficient in achieving a 100°/o reaction becween 

carbonyls and the TCPH Aad was not used to avoid the acid-catdyzed decornposition 

of the sampling device naionary phase, an outcome which could potentiaiiy reduce the 

life of the smpler  (Lempuhl and Bi&, 1996). 

h o t h e r  hydnzlie denvatizing agent used for ddehydes and well i t e d  to GC-ECD 

mdysis is pentafluorophenyLtiydnzirie (Hoshika and Muto, 1978), which has more 

recendy been applied to assaying malondiaidehyde in biologid samples widi GCMS 

mdysis (Yeo et al., 199.1). Derivakation with 2- hydiazino bemthiazole followed by 

GC-NPD analysis has been applied to volatile ddehydes formed during lipid 

peroxidaion (Stashenko et al., 1996). 

Also used as a reagent for formaldehyde derivathtion is 0-(2,3,4,5,6- 

pentduorobenzyl) -hydroxyiarnine (PFBHA). This reagent, in a rnanner similar to the 

hydr;izines described above, rems with carbonyl compounds to f o m  the 

corresponding oxime denvatives. It has been applied ro a variety of carbonyls in 

aqueous solutions (Glaze et d, 1989) and recendy in a passive sarnpler for OSHA 

regulated ddehydes (T'sai and Que Hee, 1999). Analysis of o&e derivatives using this 

ragent has been performed by GC-ECD, GC-MS (EI), GC-MS (SM) and HPLC-MS 

(C;laze et aL, 1989; Le Lacheur ad, 1993; Tsai and Que Hee, 1999). 



A nimmary of the deteaion lLnits and sampling paramaen for some of the noteworthy 

merhods described above is given in Table 1.1. 

1.3. Anabsis of Environmental Samples with Hydrazine DerivaWarion: Some Special 

jeverai added considentions m m  be made when sampling at low (<50 ppbv), 

environmentai concentrations of formaldehyde. As menuoned above, DNPH and its 

correspondhg h y d m n e  derivatives are susceptible to oxidation by ozone (Smith, 1983; 

Smith et ai., 1989; h t s  and Tejada, 1989). Klehdienn e d  (1998) found diat an ozone 

concentration of 120 ppbv produced, on average, a 54% negative bias when using DNPH 

md samplmg on silia gel SPE caxtridges at relative hurnidiries representative of ambient 

conditions. This hding  was revened on C-18 SPE's, where the same relative humidities 

produced an average of ii 23% p ' t n ro  bias at 120 ppbv ozone. No explanation of this 

observation was provided, and the identity of the multiple oxidized produas was not 

c o n h e d .  Various systems have been proposed for deaiing with this interference, such as 

the use of potassium iodide denuders or scrubben to remove the ozone as reporteci and 

vddated by Kleindienst ad (1998). AIso relevant is the use of sodium thionilfate as an 

ozone scavenger, dthough this method of ozone removai would likely o d y  be applicable to 

~~~i;!i.ng protocols that do not require nrong acidic conditions, such as the TCPH or 

DNSH rnethods descnbed above (Lempuhl and Birks, 1996). 

Alrhou~~ the magnitude and nature of the ozone interference has been investigareci for 

DNPH, no such evaluation exists for the majority of the other hydrazine denvatizanon 

methods. This is largely because of their limited use in cornparison to the more popular 

DNPH. Sice all hydrazines wodd be expected, to a lesser or greater ment, to be 

susceptible to dus oxidarion, am/ significant oxidative imerferences during sampLng m m  

be accounted for. 



1.4. Sm& Rationale and Obiectives 

The overall objeaive of this work was to develop a new indirect GC derivathion methoci 

for measuring airborne concenmtions of formaidehyde. The use of 3,s- 

bis(uinuorome3ryl)phe"yUrydravne (TINlPH) (Figure 1.3) as a derivatking agent for 

formaidehyde followed by GC with ECD offers several potentid advantages over existing 

TFMPH Formaldehyde Hydrazone Derivative 

Figure 1.3: TFMPH m c r u r e  and ddehyde derivatizauon scheme. 

methods, LicludLig inaeased sensitivity and 

selectiviry. The sampiing device (Figure 1.4) 

offers a high degree of field portability and 

convenience. Through die coune of 

developing rhis new rnerhod, an atcempt to 

quantify the extent of these advantages was 

made against a widely used and accepted 

method: the use of DNPH as a derivatking 

agent impregnated ont0 C- 18 and silica SPE 

- air fiow \ 
sillca or C-18 solld 
phase 

Figure 1.4: TFMPH samphg device. 

cartridges, foilowed by HPLC-W analysis (Kuwata ad,  1983). Use of DNPH has been 

exensively documented with respect to such parameten as derivarive aability) merhoci 

deteaion iimit, reproduabi2ity) precision and accuracy (Druzik ad, 1990; Grosjean 8r 

Grosjean, 1995; Goelen er al, 1997; Gilpin ad, 1997; Kleindiena et& 1998). It has dso 

been endoned by the USEPA for rneasurlig airborne formaldehyde levels in the 

environment (USEPA mahod TOI 1A). Also compared was the use of TFMPH and 



NIOSH method 3500 (1994), the CTA colourimeuic method. Cornparisons were made 

using a v w i q  of environmenrd and occupational senings. 

METHOD 

DNPH 
Chromotropic 

Acid 

(1) Grosjean, 
1991 

(2) Zhang ad, 
1994 

HPLC-UV 

HMP 

References: NIOSH 
mechod 3500 

NIOSH 
rnethod 2541 

Nondek et 
a!, 1992 

UV-VIS GC-FID GC-ECD HPLC- 
fluorescence 

1 ug/sarnple 
(5.7 ppbv if 
samphg @ 
100 mL/min 
for 24 h) 

0.5 ug/sample 
(0.28 ppbv if Method 

Detection 
Limit: 

0.1 ppbv 0.1 ppbv 

sampbg @ 
250 mL/& 
for 24 h) 

(2) 0.1-0.4 ppbv 

Flow Rate: 
(mL/min) 

Sampling 
Times: (h) 

20 min 

2.0 L 
(10 quanufy 
3.2 ppb 
sarnple) 

Sample 
Volumes: 
(LI 

1 

Table 1.1 : Cornparison of several m e n t  methods for measur 



Mtionally examùied was analysis of the fomaldehyde-TFMPH hychzone using GC-MS 

wirh selected ion monitoring (SM) for incrmed sensitivity . %dation of the 

fomaldehyde-TFMPH hydrazone was invest igated t O account for any oxidaùve losses 

durlig sarnpling. Fin& prelimliaiy evidence d be provided to duniate the applicability 

of this TFMPH method to the meanirement of other airborne ddehydes, including 

~cetddehyde md glutaraldehyde. The o v e d  objectives of this work are n i m m d  in 

Table 1.2. 

Table i .2: Sumrnay of Specific Research Objectives 

Develop a new method for the meanirement of airborne fonnaldehyde using solid 
phase denvatization wirh W H ,  u d i i n g  malysis by GC-ECD and/or GC-MS 
(S hl). 
Vdidate and optimize the rnahod for p ' m e t e n  such as sample analysis tirne, 
sensitivity, formaldehyde-TFMPH mdyte aability and solvent extraction 
eificiency. 
Compare the use of dUs TFMPH method to exiscing methods (DNPH and CTA) 
over a nnge of concenmtions through side-by-side field sampling. 
Examine oxidation of the formaldehyde-TFMPH derivative to account for any 
analyre losses during sarnple collection. 
Show potential for applicability to other aldehydes, specifically acetaldehyde and 
glutaraldehyde. 



C h a p t e r  2 

SAMPLING PROTOCOL 

2.1 Design ooi Sarnp'iing Device 

Because of their polrability, ease of prep-aration and use, solid phase extraction (SPE) 

caruidges were selected as solid aate suppom for TFMPH as opposed CO the use of liquid 

impingen, which are more cumbersorne and ill-suiteci to persona sarnphg. Initially, (2-18 

SPE camidges (ENVI-18, 5GO mg sorbent, a-60  Fm parEde size, Supelco, O M e  ON) 

were used in the method development. These were later used in conjunaion with silia 

SPE cartndges (LC-Si, 500 mg sorbent, 40-60 ym partide size, Supelco, O M e  ON). 

C-18 and/or silica SPE Cmridges were dosed with 300 PL of a 99% acetoniuile, 1% 

HSO, solution containing 10 mg of TFMPH per rnL. This yielded a TFMPH mass of 

approlamateiy 3 mg impregnated on each caruidge. The mass of hydrazine per caruidge 

was derived from a sLnilar rnethod oudlied for the dosing of C-18 and silia SPE caruidges 

widi DNPH (Grosjean and Grosjean, 1995). Caruidges were dned in a dessicator, under 

vacuum, for 24 houn pior  to use. The dessicator contalied sevenl W h a n  #1 filter 

papers saturateci with DNPH to act as  passive colleccon of formaldehyde frorn air w i t h  

the dessicator. These fdten were impregnated with DNPH by immersion in approximately 

50 mL ethyi acetate contaking 0.5 mL H,PO, and saturated with DNPH. Following 

immersion, the fiiters were ailowed to dry prior to placement Li the dessicator. A DNPH 

caruidge was aiso attached to the vacuum valve of the dessicator as an added precaution 

agdinn ambient aldehyde contamination of the caruidges. To avoid possible m o k e  

condensation and interference, phosphorous pentoxide was included in the dessicator as a 

drying agent. 



2.2 O~timiZauon of Elutine Solvent 

In vddating the use of C-18 and silia SPE c;uuidges for the coileaion of airborne 

formaldehyde, it was necessary to detemine die best solvent and eldon volume for 

Nitrogen in 

Glass impinger 

Precise mass formaldahyde in 

r 0.1 mL methanol 

Heated to 40 
degrees Celcius 

Figure 2.1: Glass impinger appaanis used to i n d u c e  
gas-phase formaldehyde onto the sampling caruidges. 

extraction of the foddehyde-TFMPH denvative. The folowing five solvents were 

evaluated: aceroniuile, n-hexane, cydohexane, toluene and eth$ acetate. These solvenu 

were selected to reflect a range of polarkies, with acaonitrile being the mon polar, and 

cydohexane the least polar. 



To obtain the formaldehyde-TFMPH hydrazone derivative, camidges were dosed widi 100 

pL of a. 1.0 pg formaldehyde per pL methanol solution. This 100 pg mass of 

formaldehyde was htroduced in the vapour phase to more dosely mLnic acnial sarnphg 

conditions uUng the glass irnpinger apparatus depicted in figure 2.1. Following injeaion of 

the 100 p.L of solution, the underlymg water bath was heated to approximately 40 OC for 45 

min while maintainhg a srmdy, gnde flcw 2f nkrcger? :bzq!! ch= h-k-er. r 6  Na% 

complete (>%''/O) elution of the fomaldehyde-TFMPH hydiarone derivative was achieved 

by eluting with 2 mL of aceronit.de, cenrrifuging for 2 min, eluting again with a t h d  mL of 

acetonitrile md centrifuging for an addirional 2 min. This was the initial elution protocol 

used for samples and& by GC-ECD. For GC-NPD uialysis, it was necessaxy to 

develop a second extraction mechod using a non-niuogen con t i rhg  solvent. Because 

Eluting Solvent 

Figure 2.2: Percent formaldehyde-TFMPH hydrazone eluted from C-18 
SPE cartridges by 3 mL of various solvem. 



e h 1  acetate was found to elute the formaldehyde-TFMPH hydrazone better than n- 

hexane, cydohexane or toluene (figure 2 4 ,  it was selected for further development. Ethyl 

acetate was found to give a substantid ( > 9 2 O / )  recovery of hydiazone from C-18 and silica 

SPE caruidges wirh a 3 rnL elution volume (figure 2.3). As widi acetonitrile, 2 mL of ethyl 

acetate was added iniually and centrifugeci through the k d g e  before the addition of the 

tbird millilitre and a second centrifugation. 

2.3 Determination of Maximum Flow Rate 

Also erarnined was die use of d i f f e ~ g  flow rates in the collection of sarnples. This wûs 

necessary to ensure that no formaldehyde-TFMPH was lost from the back of the sarnpler 



during sample collection. Four flow rates were evaiuated: 250,500,750 and 1000 m Y m h  

Low-pressuredrop (Lp) Silica carvidges (360 mg sorbent, 150-250 pm partide size, 

Supelco, Oacville ON) impregnared with TFMPH were dosed using the glass irnpinger 

app.mtus in figure 2.1. Each carrridge was dosed with 0.74 pg of formaldehyde, to 

simulate masses expected in occupational m d o r  environmenrd sarnpling. Attached in 

series b e h d  each c l v P i - i  i p  siuca caruicige was a ciean Lp d c a  cartndge to a a  as a trap 

of both TFMPH and the formaldehyde derivative, should either be loa from the front 

(primary) carvidge during the coune of the smple collection. Smples were allowed to run 

for two hours at each of the four smplng flow rates. Each flow rate was evaluated in 

dupliate md andysis was conducted by GC-ECD using the openting conditions iined in 

Appendiv A. 

The redts  of this experiment indicated chat flow mes up ro at lem 1OOO mL/min c m  be 

employed withour the loss of formddehyde-TFMPH from the smpllig device over a w o  

hour sampling tirne. None of the four flow rates evaluared resuited in an observed peak for 

the formddehyde-mIPH derivative in the breakthrough caruidge. This indicares that, at 

flow mes at lest Y high as 1 L/mh and at 25 OC, the volatility of the hydrjzone analyte is 

sufficiently low to prevent any losses from the back of the cartridges during sample 

collection. 

Also examineci was the efficacy of the TFMPH C;UVidges in reraining forddehyde. Using 

the vapour spiking apparatus, a DNPH carvidge was anached in series behind a TFMPH 

caruidge, and the system spiked widi 0.74 pg of fomaldehyde. The flow rate of nitrogen 

through the sysrem was approxirnately 2 Y&, and ailowed to purge for wo houn. 

Anqsis of the breakthrough DNPH carcridge reveaied no additionai formaldehyde-DNPH 

relative to the blank This indiates that at flow mes up ro approlrlnately 2 Y& and for 

sarnpling Urnes of at lm two houn, the TFMPH Lp silica caruidges are hi& effedve in 

retaining and derivaking formaldehyde. 



2.4 Determination of Anaiyncal Limits of Detecrion 

The detection lirnit of the analytml procedure is defmed by OSHA as the amount of 

anayte thar can produce a peak whose height is approximately five times the height of the 

baseline noise (OSHA, 1998). Unfomately, this de f~ i ron  of analyucal detection limit 

c m o t  be easdy appiied to TFMPH, since baseline noise is not achieved due to 

formaldehyde-TFMPH present in blank samples. This hi& response for the anatyte in the 

blanks was caused by forddehyde-TFhIPH present in the TFMPH as it was purchased 

from the supplier, which onty punfy the TFMPH uysrals to 97%. This was c o n h e d  by 

mdyzing (GC-ECD, openting conditions in appendk A) a solution of TFh,IPH crystals 

without dosing onto the sampling mridges and observing a peak for the hydrazone 

snaly~e. An added source of the high mdyte background signal may have been sorption of 

formaldehyde from ambient air during norage of the TFMPH. 

An dtemate approach was taken to determine a pnctical iimit of deteaion. Seven 

repliates of what was then believed to be a, or dose to, the andyucal &.mit of detection 

O 10 40 6 O 8 O 

ng HCHO 

1 Figure 2.4: Deteaion limic determination for GC-ECD 
[ a n d y s ~ s  ( r d ) .  Emor bars represent 2 standard deviations. 

were run using die vapour 

spiking apparatus and 

an- by GC-ECD using 

C- 18 SPE canridges. This 

rnass of formaldehyde was 

74 ng. Seven blank samples 

were also e h e d  and 

an+d by GC-ECD. 

These blanks were C-18 

SPE caruidges that had 

been dosed with TFMPH 

and dned in the same 

manner as the seven 

cartridges which had been 



sp~ked with 74 ng of formaldehyde. ;UI 1 J c d d g e s  were eluted with a total of 3 rnL of 

ediyl acerate (2 mL + 1 mL). The results of this check of analytical derection limit are 

displayed in figure 1.4. From this data, it is possible CO conclude that the derection h t  of 

the andyacd procedure is at or neu 74 ng f o d d e h y d e  per sample when analvsis is by 

GC-ECD. 

In an atternpt to improve (ioower) the detection limt of the advtical  procedure, the 

TFhPH cqstds were recrystdked three &es Erom hot ethmol and wnter. Foliowing 

ciq-ing of thesr purificd cqst?ls under vacuum for 24 hours, they were used to prepve a 

TFhlPH doskg soluuon foUowihg the procedure outluied at the stan of h s  chnpter. 

FoilowLig the dosing, dqing, elution and analysis of C- 18 SPE caruidges dosrd with dus 

soluaon, the chomatogram displayed in kîpre 2.5 (b) was o b m e d .  Compared to 2.5 (a), 

whch represents a blank sample before recrystaiuation of the TBIPH, it is clear that 

repeated rccn-staliznnon would lower the andyucd detecaon h t  considenbly €rom 74 

ng/ sample. 

4 

I f  

1 -4 HCHO-TFMPH 

Figure 3.5: (a) GC-ECD chomatogram of pre-recrys~dzation b h k  carnidge extract 
(HCHO-TFMPH area response = 42460) and (b) GC-ECD chrom3tograrn of blank 
camidge e x a c t  followng repeated recrystalization of TFhifPH cryscals to remove 
residual foddehyde-TEMPH (HCHO-TFhfPH are3 response = 22472). 
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1983). From the numerous failed bulk hydrazone syntheses atrempted in Chapter 3, it was 

known that the fomaldehyde-TFMPH hydrazone decomposed to fom a red-coloured 

product. This would seem to point to the formation of a diatonium salt through a 

diazoniurn ion intermediate, which would be expected to be red in colour and which cm 

easdy be formeci foUowLig oxidation of the hydrazone nitrogen (see figure 4.3). Funher 

rvicirnce oi c h s  mechanism chou& the Tr"h/FI  ciiazoniurn ion is provideci 'by the 

observed formation of the phenol in 4.3(i), which would moa easdy be formed through - 
OH nudeophilic ana& at carbon '1 of the aromatic ring. 

This decrease in TFbIPH hydrazone nabiliry relative to DNPH can be elrplained by the 

differing elearon wirhdrawùig properties of ~o uifluoromethyl groups in the mea position 

vernis cwo nitro moieties in die and P a  positions. A cornparison of Harnrnetr Sigma 

constants in the pn;l posrion (0,J yields values of 0.54 md 0.78 for rdluoromethyl and 

h o  moieties, respectîvely (Hawch ad, 1995). This means dia1 nitro groups are more 

groups when 

substituted in the 

same position. 

Because the T=O 
fridge-ao r d  

extract was not run 

in repliate, it was 

necessary to repeat 

t h  t rament  Li 

the second aability 

Figure 4.3: Possible oxidative degradauon scheme for 
forddehyde-TFMPH. 



A second nability mtdy was conducted to c o h  the results of nability midy # I  for the 

T-O fndge-aored extraas, as well ils to consider the stabiliv of the formaldehyde-TFMPH 

derivative when nored in a freezer ac -20 "C. To faalitate the use of higher sarnpling flow 

rates during field sarnpiiq, C-18 carrridges were abandoneci in favour of silia SPE 

c d d g e s .  For this reason, silia SPE caruidges were used Li this second nability midy. 

These silica SPE caruidges were dosed, e m a e d  and analyzed in duplicate for the 

formaideh~de-TFMPH derivative in the svne m m e r  as described for aability mdy # 1, 

with notable differences being the carvidge bonded phase and the treaunents considered: 

(i) fndge (3 OC) songe of T-O extraas, (ii freezer (-20 O C )  norage on silia SPE caruidges 

a d  (iiii freezer (-20 "C) songe of T-O extraas. 

A £inal modification incorporated into aabiliy study #Z involved the selected elution 

solvent. As ethyl acetate was more iikeiy to be used for sample elurion than acetonirnle, 

ethyl acetate was selected for aability midy 12. 

Results and Discussion 

The renilü of aability study #2 are displayed in figure 4.4. For the fridge-srored T-O 

esracts, the same trend of Liaeashg hydrazone concentmion (% Hydrazone Rernaining 

>loOO/~) is observed, again presumably due to sample evaporation. However, these fndge 

aored T-O extracts showed very littie increase in the arnounc of derivative over the finr 
three days. Freezer-srorecl T a 0  extracts showed rhe best nability of the h e e  treamients 

considered, wirh very litde increase or decrease observed over the 14 days for which diey 
were examineci. 



Cutridges stored in the freezer appeared ro show a siight decrease in the arnount of 

derivative over the 14 day period. From rhis aabiliry study, it is somewhx undear if the 

hydrazone decrease O bserved in the freezer-stored caruidges is r d ,  since the variability 

around each point (represented as 1 SD) is large enough to srplain any perceived decrase 

Li hydnzone. For this reason, a third aability mdy was required. 

I U 15 

Time (days) 

Figure 4.4: Redts  of formddehyde-TFMPH hydrazone stababilicy 
mdy R? (error bars + ! SD). 

Stability study #3 relied on analysis by GC-MS (SM) and the use of an internid standard 

for calibration imitead of the solvent peak. This was done to increase the reliabiliry and 

confidence in the data generated. The intemal standard selecd was 2-nitro-o; q a- 

uinuorotoluene. This compound was selected for N easy sepamion b-om 

cornrnody observed in sample extracts and for its uifluorornethyl- moi% 



dowing it to respond in the ECD in a marner sLnilar to TFMPH denvatives. Also 

examlied in srability study # 3 was the aabiliry of the acetaldehyde-TFMPH derivarive. 

A solution of 59 pg fomaldehyde ;uid 78.8 pg acetaldehyde per 1CO PL was prepared in 

methanol. C h d g e s  were dosed as described for nabiiity mdy # 1, then divided arnong 

the fnl!&kg rhIw rrm~mxrs: (i) f d g e  (3 "C) s fn~-  -ab -CT=C :xcxm, ci) kccunr ( - 2 î  OC' bj 

aonge on silica SPE carrridges and (iii fridge (3 OC) stonge on silica SPE c d d g e s .  

Following the elution of each nnridge, 150 PL of a 0.34 mg/mL solution of intemal 

standard was spiked into each c h d g e  extract. This wodd deliver a mass of 2-nitro- 

4 a, a-trifluorotoluene roughly comparable to the mass of each aidehyde ùiitidly present. 

Andysis was conducred by GC-MS (SM) u&g the operatkg conditions âisplayed in 

appendk B. 

Results and Discussion 

The r e d t s  of stability study P3 are displayed in figures 4.5 md 4.6 for formddehyde and 

Time (days) 

Figure 4.5: Results of formaidehyde-TFMPH stabilty study #3 (error 
bars I 1 SD). 



acetaldehyde, respectively. The la& of inaease with t h e  of the fomaldehyde and 

acetaidehyde T-O fridge-storecl e m a s  for this final aability study c m  be explaineci by the 

aorage container; unlike aability midies X 1 and #2, s d e d  auto-sampler vials (Supelco, 

M e  ON) were ued k e a d  of cwlt-capped vials. This would serve to mt  down on 

the amount of solvent evaporauon, and prevenr any illusionary observed increase in the 

No appreciable loss of the formaldehyde or acetaldehyde derivatives was observed for the 

frst 7 days when nored on si l ia SPE mtridges in the freezer. For fomaldehyde, this 

clarifies the renilts of stabiliy study 82, where ir was somewhat unclex whether or not a 

decrease had occurred in the first week. 

r\n unexpeaed r e d  was the apparent nabilicy of the acetaldehyde-TF'MPH derivative 

when stored on the caruidges at 3 "C. This is contmyto the r e d t s  of formaldehyde- 

O -.--- - -  -- . . - - - - - I I  - - 

O - 7 4 6 8 1 O 12 

time (days) 

Figure 1.6: Acetaldehyde-TFMPH hydrazone stability mi+ (error bars i: 1 



TFMPH from nability midies # 1 and #3. 

From ail three aability d e s ,  it seemed reasonable ro conclude diat both fomwldehyde 

and acetddehyde TFMPH derivatives are stable on the sarnpling device for at lest 7 days 

following sampling, provided they are kept a -20 "C or colder. Both derivauves were also 

stable for at l e s  7 days when eluted irnrnediately and storeci at 3 O C  in &y1 acetate. 

Should storage in solution be employed, care musr be taken to avoid excessive enpontion 

from the sample vid. This can mon easîly be accomplished dirough the use of seaied auto- 

sampler vids. 



C h a p t e r  5 

FIELD COMPARISON OF TFMPH, DNPH AND CHROMOTROPIC ACID 
METHODS 

The purpose of this field samphg was to compare the use of TFMPH with nvo e'rising 

md accepted methods for meaniring Jirborne fomaldehyde: DNPH with anaiysis by 

HPLC-UV as specified by Koivusalmi ad.  (1999) md CTA with anafysis by visible 

absorbante ~ccording to NIOSH method 3500 (1991). Simulraneous field sarnples were 

collected with all three methods from a v x i q  of indoor and outdoor environmenu k n o m  

or nispeaed to contain foddehyde.  In d outdoor samphg comparisons, temperatme 

w u  recorded ho+ durlig the sampling period to allow for a correction of the sample 

volume. In mon cases TFbIPH, DNPH and C ï A  were sarnpled on different pumps due 

to the large dikrence in sunpllig device pressure &op md flow rare benveen the rhree 

methods. Use of a dual manifold for TFMPH and DNPH proved ineffective, due Li part 

to the increase Li pump failure rate which resuited. The following are the specifics of the 

three methob with respect to sampiing, extraction, anaiysis and calibnrion. 

Lp Silica SPE carvidges were dosed with TFMPH md cirieci as described in Chaprer 2. 

Prior to sampling, a blank cartridge was mached to an AirchekTM air sampling pump (mode1 

22CPCXR7; SKC, Eighty Four PA) or a Buck IHTM pump and calibnteci using a mini- 

Buck Calibator (A.P. Buck Inc., Orlando FL). Flow mes employed varied from 100 ro 

1100 mL/mLi, dependhg on the concenmuon of formaldehyde expeaed. Following 

sampiing, flow rates were r e - m m e d  to detemine whether any sigdcant change in 

sampling flow rate had occurred over the course of sample coileaion. Sarnples were 

35 



rejeaed if 80w rates changed by more dian 5%. The averages of pie and pa-t samphg 

pump flow rares were used for calculating sample volumes. Carvidges were aored at -20 

"C in the dark for no longer than 5 days prior to a n h s .  J u s  before the analysîs, the 

cmridges were slowly eluted with 3 mL of ethyl acetate as descnbed in Chaprer 2. Samples 

were andyzed by GC-ECD and Cui some cases) by GC-MS(SM) utiiizing the openting 

udizing the vapour spiklig technique describeci in Chapter 3. 

DNPH 

DNPH samples were colleaed on commercidy milable 1.p-DNPH cmridges (Supelco). 

As with TFMPH, sarnpling pumps were calibrard before and after smple collection. 

S m p h g  flow rates v a d  from 70 to 1200 mV&. Following sunphg,  cmridges were 

stored in the dark at 3 4  OC accordhg to the prescribed sample hancihg instructions 

~rovided by the manufacturer (Supelco, 1997). Just prior to analysis, al1 samples were 

slowk eluted with 2 mL acetonide. Sarnples were analyzed by WLC-UV at 360 nm ushg 

either an isocntic 70% acetonitnle to 30 O/O water mobile phase at 1.0 mL/& or the 

following gradient elution prognm, also at a flow m e  of 1.0 mL/mLi: 

tirne (min) O 2 10 15 16 

This gradient elution progrun was a slightly modifiecf version of that used by KoiwsaLni et 

d (1999) for sep'mting ddehyde-DNPH h y h n e s  from dosely eluthg hydroxyaldehyde 

derivarives. HPLC sarnples were an* on either a Perkin Elmer purnp equipped with a 

mode1 23% diode array detector or a Varian 9010 pump equipped with a Varian 9050 

Variable Wavelegrh UV-VIS detector. Initiaily, the colurnn used was a 

rwened phase column (25 cm x 4.6 mm, 5 pm particie six, Supelco). 

SupekosilM C- 18 

This c o l m  was 



later nibstiruted in favour of an AUUmaTy C-18 end-capped column (25 cm x 4.6 mm, 5 

pm panide size, Alltech), which was found to provide p a t e r  resolution. 

Chromorropic acid samples were collecteci exacdy o outllied in NIOSH method 3500 

(1994). Brie+, samples were coilected in glass knpingers containlig 20 mL of a 1% 

sodium bidphite solution to a a b h  the coUected formaldehyde. Following sampiing, 

f quots from each smpie impinger were reacted with chrornotropic acid and sulphuric 

aad and the renilrant purple colour measured using a Perkin E h e r  mode1 55B 

specvophotorneter at 580 m. 



The CTA method is subjecr to several weiI documented interferenca from phenols 

(Mtkxh et d, 198 l), ethanol and higher moleculiir weight alcohols (Sleva, 1965). For thii; 

reason, CTA was nor applied to environmental sarnpling siruiations, since these intedering 

compounds would be presenr at relauvely high mios with fomddehyde, thereby 

mvahdaung the data. 

For ail outdoor environmenrd samples, rempenture was recorded hourly diroughout the 

course of sampllig and used to correct the sarnple volume accordhg to the ided gas l m .  

For samples collected indoon, the rempenture was asumed to vary M e  from 25 "C, md 

therefore no volume comection was performed. 

Folowing some of the difficulty encounrered wirh TFMPH at low (environmental) 

concentrations of formaldehyde (see Resuks and Diswsion below), additionai sampling 

was conducted to examine the degradation of formddehyde-TFMPH during sarnpllig. 

The specific design of each of these experiments is presented dong widi the major hndings 

in the Results and Discussion section of this chapter. 



Resuits and Discussion 

The results €rom the fkst six days of sampllig, i n d u h g  samples from embalmuig and 

-- - 

CTA VS. TFMPII (CC-ECD) 3Icthod 
Cornparison 

- 1  : 

-- 

D N P t l  V S .  T F l I P H  (CC-ECD) 
11 e t h o d  Corn p a r i s o n  

1 Figure 5.1: Rcsults of h r s t  six dws of snmplmg for CT-4 and DNPH rs. TFhIPH. 
i 

rn\-ironmcnrd tobacco srnoke esposure, îre displqyed in Fyirc 5.1 for CTA înd DNPH 

versus TFZILPH (n=7 md n=20, respectivelt.). Both mediods correlate weil Mth TFhIPH 

over the enme concentration nnge erîmined, with a slight 14'0 positk-e bks in the case of 

CT.4. îhs positive bias is greater for DNPH r,t roug& 69'0. \?Chie the slope Li both cases 

is close to 1.0 and both intercepts are close ro the ongin, dus simation does not persist 

when the DNPH vs. TFhrPH data is es.mined in greater detd at formaldehyde 

concenaations lowr  thm 25 ppbv &igue 5.7). Since this is wvidun the nnge of 

formddehvde concenarions ke ly  to be encountered in mbient  environmenul samples, 

the npplicabtlity of the TmlPH method nt low-end environmental levels htnges on the 

ability ro resohe this iack of agreement to the widely endoned use of DNPH. 

ïo enamlie the cnusc of thts hck of agreement benveen DNPH and TFhPH at 

f o d d e h y d e  concenmaons less than 25 ppbv. sev-ed avenues wvere punued. I n i d v ,  it 

\vas thought that h s  hck of agreement may have been caused by a problern wvith the 

DNPH andpis, which for the h t  six days of sampling consisted of the isocraac 70:30 



acetoninile:water mobile phase. In the scientific lirerame, the application of DNPH ro 

environmental detemination of carbonyls is split alrnoa evenly among the use of isocratic 

eluûon and gndient elution programs. It was felt that if interferhg compounds were co- 

eluring widl the formaidehyde-DNPH hydrazone while using an isoaatic mobile phase, 

then such an interference would impact the reliability of the DNPH data at lower levels. 

?e'!~C?Cïc:, Y'S ?v~G&! ~ : ~ ! i ï  ~b Aï !ii&îU î û i i i ~ i i ü i ü û ~  ûf 10, d l ~  d@FCLIlCLa 

improved berween the two methods. 

To address these concems, it was necessary to switch to the grdient elution prognm 

oudineci in the experirnental section of diis chapter. Also, the column was changed from 

the EconosilrM CC- 18 (Supelco) to the AUrech AlltimaTh' end-capped C-18 column. The 

AUtech column was found to provide tighter peak widths, even Li the contes of gready 

/ Figure 5.2: R e d t s  from Figure 5.1 for DNPH vs. TFMPH method 
cornparison at WCHO] < 25 ppbv, y-intercept forced through zero. 



increased analysis Urnes (from approxhateiy 6 min NnnLig isocratic compared ro 16 min 

with the gradient eluuon) when wing the gradient program. 

Ushg the gradient elution to analyze DNPH samples, a systematic error in favour of 

DNPH w u  observeci. This systematic error is illustrated by the r e d ü  from the ourdoor 

- - .- - - 

D N P H  and T F h I P H  FormaIdehyde Srmpling 
Compnrison ( M a r c h  17/99) 

T i m e  (EST)  

- - - 

- 

- 

- -  - - - .. -- 

D N P H  a n d  T F M P H  F o r m a l d e h y d e  
S a m  pl ing Corn  par ison ( A p r i l 6 1 9 9 )  

I 
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900- I LOO- 1300- 1500- 1700- 1900- 
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~ i @ - 5 . 3 r ~ i k h ï p  % - & ~ p ~ ~ 9 9 9 ~ ~ ~ ~ ~ ~ ~ I i n ~ p g c o m a n s ~ n  
of DMW to TFMPH for meastuernent of airborne HCHO. 



environmental sampling conducced on March IF and April 6h, 1999 (Figure 5.3). In both 

cases and for all samples collected, use of W H  with malysis by GC-ECD yields a lower 

concentration of fomaldehyde than does DNPH. 

To tex the hypothesis that the formaldehyde-TFiviPH hydrazone may oxidize on the 

sampling, device followlie. its formxion. .m additional exvnination wnî condocred wing the 

nearly pure hydmzone denvative, the synthesis of which was described in Chapter 3. 

Oxidduon of the analyte had been suspected frorn the bulk synthesis, where it was 

necessay to perform the re-crion under nitrogen to prevent the formation of oxidized 

degradation produns. The identity of oxidation produas had been p;urially confmed in 

Chapter 3. Baed on the iniudy encoutaging renilrs presented in Figure 5.1, it was thought 

that oxidation may not have been signifiant on the sampllig caruidges. At lower 

concencntions luid in the presence of oxidants (expecred in the troposphere), this 

ssurnption ~ p p m  to be erroneous. To test rhis, approximately 2 ug of the synthesized 

hydrazone was loaded onto carrridges, cirieci nith N, then either elured irnmediately or 

Ssmpling Timc (min) 

Figure 5.4: Results of forrnaldehyde-TFMPH hydrazone 
oxidauon experiment. 

havuig outdoor urban 

air cirawn through at 

lOCO &min for 15, 

30 or 120 min pnor ro 

elution. Al sarnple 

treatrnents were 

perfomed in 

dupliate. 

The results of this 

e.xperïment are 

displayed in Figure 5.4. 

A sornewhat 

unexpecred observation was the ease with which the hydrazone can be oxidized. Even 

Iqbe  air was drawn dirough the caruidges, the simple process of loading the hydrazone 

42 



onto the samplen and drymg off the EtOAc solvent with N2 (not UHP grade, therefore 

I 

-1  
s 1- 

i .W 

a- 
) 

-- -- zw- *P9 -& 1 
Figure 5.5: GC-MS (EI) total ion chrornatograrn 
of t= 15 min point from hydrazone oxidation 
experirnent presented in figure 5.1. 

was sufficient in producing a 

significant oxidized product peak at 

tirne-O min (see figure 5.5 

note diar when the synthesized 

hydnzone was injeaed onto the GC- 

MS wichout loading onro a cartridge, 

no peak was observed for the 

oxiciized hydrazone degndation 

produa. WhiIe loading the 

hydrazone ont0 the sampling 

Scan El+ 
289 5.5384 

241 

240 i 
213 

Figure 5.6: GC-MS (EI) fragmentation pattern of the oxidized formaldehyde- 
TFh/fPH degradation p& 6.46 min in 6gure 5.5. 

carvidges and removing the solvent d N2 caused oxidarion to occur, 2dditional loss of 

hydrazone was observed over the first 30 min of drawing air through the sarnplers. 

Strange, however, was the lack of hydrazone loss from 30 to 120 min. This Sevelÿig off of 



the amount of hydnzone seems to also reflect what was observed in figure 5.3, where veiy 

Little change was observed over the coune of both days using TFMPH, while DNPH 

tended to Vary more widely. 

The MS fragmentation pattern for the oxidation produa itself is displayed in Figure 5.6. 

\ W e  it is not believed that any rnoleculv ion was observed, the ion at m/z 270 would 

seem to indicate oxidation. To overcorne dis, potassium iodide scrubbers were used in an 

mempt to 

DNPH TFMPH, No Ki 

Method 

1 Figure 5.7: Merhod cornparison examining the effect of adding KI 
/ ozone scmbbers to the sampling apparatus, L, silia canridges, 

remove arry ozone 

which may have 

been responsible 

for the oxidxion 

of the hydnzone. 

These ozone 

scrubbers are 

cornrnercialiy 

available, and 

their use is well 
1 sampling day 11. ' domented  for 

the elimation of the ozone interference observed with DNPH rit concentrations of 

formaldehyde and ozone representauve of urban environmenu (5 ppbv HCHO, 120 ppbv 

ozone) (Kleindienst etal., 1998). It was diought rhat perhaps, given the easdy oxidized 

nanue of the formaldehyde-TFMPH hydrazone, the negative ozone interference observed 

for DNPH at relativeiy high ozone concentrations became sigrUScant for TFMPH at lower 

concentrations of ozone. As a check of this hypothesis, four outdoor 2 hour simultaneous 

TFMPH samples were collecteci at 1000 mV&, two with KI scrubbers and IWO without. 

A DNPH sample was also collected. The resuits of this check are displayed in Figure 5.7. 

While it may htially appear that the use of KI traps did yieid a s m d  increase in the amount 

of hydrazone detected in the GC-ECD an*, th difference was not statistidy 



significant when evaluated with a r-test (p>0.05), nor was the slight increase sufficient to 

elimliate the systemaric error observed. 

To check whether diatomic oxygen was capable of oxidLing formaldehyde-TFMPH, 2 pg 

of the hydrazone was loaded onto isvo C-18 and two L, siiica cartridges and blown to dry 

(appro>amateiy 15 min for each cartridge) - .  wirh ultra-zero-air (Matheson, W k b y  Ov. T h e  

1 Stock Solution Si SPE C- 18 SPE 
i 
I Treatme nt 

Figure 5.8: Results of ultra-zero-air experimenr 
showhg decrejse in FA-TFMPH / [oJFA-TFMPH 
ratio following d d g e  drying. 

flow rate of a i r  was approximately I L/min. T h e  four caruidges were eluted +th 3 mL 

ethyl acetate as unid, and andyzed by GC-MS (SIM). The results presented in figure 5.8 

appear to contirm oxidation of formaldehyde-TFMPH by diatomic oxygen. The ratio of 

formaldehyde TFMPH to the oxidized formaldehyde-TFMPH produa decreases following 

caruidge dqmg with zero-air. 

The results of the above three experiments raise serious doubts with respect to the 

applicability of TFMPH to sampllig airbome aldehydes, since oxidation would be e-xpected 

to occur in the presence of oxygen. This data also nippons the observations made during 

the numerous failed anemljrs at product purification noted in Chapter 3: the formation of 

o x i W  degradation products following the rernovai of solvent fiom the synthesized 

hydrazone. 



It is difficuk to explplain, based on the r e d t s  of figures 5.3 ro 5.8, why the method appears 

to correlate and agree with DNPH and CTA iir higher airborne concendons  of 

formddehyde (figure 5.1). If an oxidant as weak as diatomic oxygen were capable of 

oxidiwig formaldehyde-TFMPH, then this oxidation wodd be expected to occur at ail 

concentrations of formddehyde. A possible explanarion for d i s  is the small number of 

occupational setrligs may reved a synematic error as observed in figure 5.3. Akematively, 

if a weak oxidmt is in f a  responsible for olridation of foddehyde-TFMPH in ambient 

environmental smples, then perhaps this slow m e  of oxidation ody becomes imponant at 

low concentrations of foddehyde .  

A h d  e.xperiment was conducted to M e r  evamine the possibility of differential 

o d a t i o n  of fomnaldehyde-TFh/IPH on L, silia vernis C- 18 SPE c i d g e s ,  as well as the 

uuliry of using potassium iodide ozone scrubbers. Each sarnple coiiection treatment was 

repeated in tripliate for TFMPH, with two DNPH cartridges collecteci sirnultaneously. 

This w;ls conduaed on two separate days, with TFMPH sarnples analyzed by GC-ECD 

(operathg panmeters and conditions in appendiu C). The renilü of these rwo sampling 

days are displayed in figures 5.9 and 5.10. 

From figure 5.9 (a repeat of 

the experirnent presented in 

figure 5 . 3 ,  it is dear diat 

sarnpling with TFMPH on L, 

silica wridges produces a 

different airborne 

concentration of 

fomaldehyde than DNPH. 

It is ais0 apparent chat the 

use of potassium iodide (KI) 

DNPH TFMPH, No KI TFMPH, With 
KI 

Sample Collection ~Metbod 

Figure 5.9: Effect of adding KI ozone saubbers to the 
s a m p i q  apparanis, L, silica caraidges, sampimg day 12. 



scmbbers inaeases the mounr of fomaidehyde recovered, prenimably by limiting the 

oxidation of the malyte by ozone. 

Less dear are the re& displayed in figure 5.10. This la& of claricy is lvgely the r e d t  of 

hi& variabilicy in the use 

both with and d o u t  the 

use of KI. A possible 

expianation is thiir dl 

TFMPH samples were 

within 20% of the b l d  

d u e .  This is redy below 

the quantitative capaciry 

of the method, md 

therefore cm be regardecl 

JS unreliable. Given the 

magnitude of uncertainty 

sunoundlig the rwo 

Sumple Collection 31cthod 

Figure 5.10: Effea of KI ozone scmbbers on 
fomaldehyde sampling wîth TFMPH on C-18 SPE 

W H  ~ample coUe&on ueaunenu, it is not possible to say wrh certmty whether the 

use of KI scmbben had an impact on the concentration of fomaldehyde measured in 

figure 5.10. This rnay in facr be more a reflection of the sampiing t h e ;  while the samples 

in figure 5.9 were collecteci from 11 am. to 2 p.m., the samples in figure 5.10 were taken 

from 8 ro 11 p.m. when die concentration of ozone would likeiy be lower. 

There is an obvious need co reconcile the data presented in the later parc of this chapter 

related to degradauon of formaldehyde-TFMPH and the analyte nabiliry data presented in 

Chapter 4. Ln fact, there is no contradiction between these w o  data sets, since Chapter 4 

did show the formddekyde-TFMPH hydrazone to be h i e  unstable when srored on the 

sampllig cartridges (both at room umperanüe and at 3 OC). Also, the purpose of the dire 



stîbilin. smdies in Chnpter 4 was not to e x d e  the ~ d y t e  stabllity du ing  JuZ~@?'~, but 

nthcr s<abiliy on the SPE caraidges during smple  jtûrug. A fîmher ciifference lies in the 

hct that to splke the cîmidgcs Li Chnpter 4, nitrogen gas was passed through the 

impingers. In Ltght of die easily d e p d e d  nature of the formaldehyde-TFhIPH dcrivntivc, 

dus wouid k e l y  differ €rom actud field s m p h g ,  whrre atmospheric o?u&na would dso 

LC p & i g  iliruu& dis aiuiipie~. Figure 3.S siiows Uiac çven diatomic oxygen is capn~ie o i  

osidrzing the dcrivaave. The npid dcgradntion of formddehyde-TFhlPH in the prrsence 

of o q y y n  1s hrther supported br the resulrs of the buik synthesis discussed in Chsptcr 3; 

unless prrformcd under nitrogen and kcpt in soluuon, the synthesized hydrazonr was 

found to rnpidly d e p d e .  

BIank and Standard Curve Correction 

*i'hts problem of liydrntone osidation in the cnvironmentd s m p l r s  was e r c n t d v  resolved 

co some estent rhrough the use of an inmidation blank' which pro~lded a conecnon factor 

for the smndard cun-e. It was suspected dinr becnuse die standard cunTe nnd b M s  did not 

have ambient air passcd 

through at any time, 

thek vdues were 

mfidy i d h t e d  

relative to die sarnphg 

cartridgcs. Because the 

bhnk and standards 

contairied residud 

hydrazone, this 

background hydnzone 

wouid not be subject to 

o d a t i o n  as in the case 

I Dav 14 corrccted 
calibntion 

L i n t o r  (Day 14 
calibrat ion) 

-Lineu (Day 14 
corrcstcd calibraiion) 

Figure 5.1 1: Conected TFhIPH vapour spikuig standmd 
cu re  ~ c o ~ ~ o E L M ~  oxidative loss of hydrazone during 
"phg. 



of the field sarnples. The net result would be thac the entire standard curve was inflated 

due to no ondxive loss of background hydrazone from die blank or aanduds. 

To validate this hypothesis, m oddaon  blank was mn dong side the sarnples at a flow rare 

of 70 mVmin for the duntion of the sampling (3 houn). This blank consiaed of a 
h* mr r ~ v F I  I idtiiJge ~ u i u i e ~ ~ d  in series b r h d  a uiurn c h d g e  ;ui~ a potassium iocbde 

ozone scmbber. The DNPH cmridge was wed to prevent the formation of any new 

formaldehyde-TFn/IPH hydnzone on the blank mridge. It was hoped that the DNPH 

cmridge would not significantly inhibit the concenuation of aunosphenc oxidanrs other 

chan ozone (elimuii~ted by the KI scmbber) passing through the TFh,FH cartridge. Both 

'conventional' (no air drawn through, cmridges simply eluted with 3 mL ErOAc after 

TF'klPH dosing and drymg) and oxidation bl& were eluted and anaiyzed by GC-ECD. 

On averdge, the oxidation blanks were found ro be 26% lower than the conventional 

bljnks. Consequendy, all poinrs in the vapour spiking nandard curve were Iowered by 

26%. This change Li standard c u v e  is iUuxnted in figure 5.11. When the TFMPH 

airborne concentration 

of formaldehyde is re- 

cddated using this 

correaed sr andard 

w e ,  the agreement 

between DNPH and 

TFMPH is improved 

nibsrantially, as 

illusvated by figure 5.12. 

Conclusions 

From the data presented 

Timc ( EST) 

Figure 5.12: Day 14 sampling renilü, with and without 
oxidation blank correction for TFMPH on C-18 cartridges 
with KI scrubbers in-line. 

Li this chapter, it is possible to condude that the use of TFMPH as ir is presented in this 

thesis is suitable for environmental sampling of &borne foddehyde,  provided oxidatîon 



of the hydrazone is accounted for widi an oxidaûon blank as described above. Oxidation 

of formaldehyde-mIPH is significant at environmental concentrations of foddehyde.  

Withour ~ccounting for this oxidation h o u &  the use of potassium iodide scmbbers and 

an oxidation blank, the TFMPH method is systematicaily lower dian DNPH. Undear, 

however, is the reason why the method appexs to perfom adequarely at higher, 
f 1 v cc;iip;üûd ;ûii;:iii;~üûr~ n+;uiiûüt UIE  LIE ùi p ~ t . ~ l i u n  io&& or -an o.ui&uon oi& 

More sampling at fomaldehyde concentrations ~bove 25 ppbv should be performed to 

hilly assess the method's performance ar these higher, occupational levels without the use 

of porassium iodide scmbbers or oxidation blank To improve the reliability of my future 

Field smpling (either occupational or environmental), the following two blanks should be 

nui in dl cases: 

1. A 'conventional blank', consisting of a TFMPH carvidge dosed and dried dong widi 

the sampling caruidges, eluted without any air being passed through 

2. An 'oxidation blank' side-by-side with sample collection at a similar 

the same Ume penod 

flow rate and for 

ExamLiing the ntio of rhe oxidation blank to the conventional blank yields the oxidation 

correction factor. This cannot be assumed to be 26% in ail cases, since it wiU be dependent 

on severai factors înduding: 

1. The concentration and composition of oxidanü present in the atmosphere during the 

sampling 

2. The anount of forrnaldehyde-TFMPH in the blank 

3. The concentraûon of fomaldehyde present during sampling 

Through the use of appropriate blanks, it appean that TFMPH provides good agreement 

with acisting methods. The added precautions r e q d  are a direcc r e d t  of the reduced 

aablliry of the formaldebde-TFMPH h y b n e  observed and disnissed in Chapter 4. 



C h a p t e r  6 

TFMPH D ERIVATIZATION OF OTfIER CARBONYL COMPOUNDS 

In addition to formddehyde, a prelmuiary mempt was made to  dernonstrate the 

applicability of TFkfPH derivatintion of other carbonyl compounds. These extra 

compounds were acetaldehyde, benzaldehyde and glutaraldehyde. Acetddehyde, Like 

formddehyde, is m ddehyde important in the cheminry of the troposphere. 

Glutddehyde is commonly used in hospitals as a sterilizing agent. While less imtating 

than formaldehyde, glutaraldehyde is still capable of producing acute irritation of the 

eyes iuid skin (Calder et al., 1992), as well AS headaches and sensitization (Axon et al., 

198 1). 

Four mixed standards of acetaldehyde and benwldehyde were prepared to deliver 20, 50, 

100 and 150 pg of each aldehyde in 100 PL of medimol. The vapour spiking apparatus 

depicted in figure 2.1 was used to introduce the aldehydes onto the ssampling cartridges, C- 

18 SPEs dosed widi TFMPH as descnbed in Chapter 2. After 45 min to allow complete 

evapontion of both aldehydes, all four caruidges were eluted as descnbed in Chapter 2 

with 3 rnL ethyl acetate and anaiyzeà with GC-ECD (operathg conditions in appendiu A). 

Peak identities were confimieci by GC-MS (EI). 

To  examine the derivaâzation of glufarddehyde, rwo sarnples were collecteci from a 

controlled charnber experirnent, with the concenuation in the charnber held constant at O. 1 

mg/m' glutddehyde. Samples were collected using an AirchekTM air sampllig pump 
51 



(mode1 U4-PCXR.7; SKC, Eighty Four PA) and eluted with 3 mL eirhyi acetate. Adysis 

was conduaed by GC-MS (EI). 

Results and 

Discussion 

The standard cuves 

obtined frorn the 

~cetddehyde md 

beddehyde  

chbntion mempts 

are presented in 

figure 6.1. W hile not 

exceptional with 

resDea to LLi&ty, 
Figure 6.1: Standard Curves for benzildehyde and acetaldehyde 
denvatization with TFMPE-I, GC-ECD. 

2: SIR of 1 Channd BI 
270.0 
1 .w 

I 

Figure 6.2: Baseline separation of & and tram- denvatives (4.38 and 4.40 min, 
respectively) Ionneci between acetddehyde and W H .  h a l p s  by GC-MS 
(SM) at m/z 270. 



they show that the use of TFMPH is promising for both of these carbonyl compounds. A 

sample GC-MS (SM) total ion chromatogram for the acetaldehyde-TFMPH derivative is 

given in figure 6.2 showing basellie sepantion of the ciF and t m  isomen. 

The GC-MS (EI) r e d t s  of the glutddehyde chamber sampling are displayed in figure 6.3. 

While no molecular ion was observed for glutanldehvde (a dialdehyde), frorn the ion% 

observed it seems dear char derivatintion of glutddehyde with TFMPH does occur. 

From the fnpentat ion pattern observed, it is possible that the derivative fomed may in 

fact be a hio& unstable seven-member M g  amcrue, airhough this war not irivestigated 

any h h e r .  



I 
tentim t i ~  6.34; 100 per cent pedc = 17163 

iFigure 6.3: GC-MS (EI) total ion chroAatogram and suspectecl glutaraldehyde- 
TFMPH derivative (6.3 8 min) fragmentation panem. 



C h n p r e r  7 

OVF!ZRALL CONCLUSIONS AND FURTHER WORK 

This work represents the first rime rhat W H  has been investigated as a potential 

d e r i v a G g  agent for meanulig airbome ddehydes. As such, nurnerous problerns were 

encountered through the course of the method development. Most notably, the poor 

aability of the formddehyde-TFMPH derivative through nisceptibility to oxidation 

complicated dl aspects of this work, from the synthesis of the hydmzone standard ro the 

mdysis of field samples at arnbient environmental levels. In the laner case, the use of 

potsssiurn iodide scrubbers to effectively remove ozone from die sampllig nream and 

perforrning JII oxiddation blank correctioii effectivety minimized the problem. 

Overall, the TFh/IPH method showed good agreement with both DNPH and CTA 

methods at concentrations typical of occupational environments. CTA was not evaluated 

in mbient environmental samples and with DNPH, the agreement was less convinchg at 

concentrations of fomaidehyde less than approximately 25 ppbv. With the use of an 

oxidation blmk, this poor agreement was iikely a result of decreased precision of both 

TFMPH and DNPH methods at these lower concentrations. 

At its currenr GC-ECD LOD of 71 ng formaldehyde per sample, the goal of increased 

sensitiviry relative to existing methods was hardly rdzed,  wirh the andyucd sensitiviv 

somewhere in between CTA and DNPH, Even dis, however, must be taken with a 

disdairner: if (as appears to be the m e )  the method is not effective on L, silica cartridges, 

then the sample collection flow rate wodd be limited to approxirnately 150 &min This 

would in f a n  make the TFMPH method less sensitive overail than CTA, since the acnial 

mas of formaldehyde collecteci per unit t h e  wouid be gready limitecl by the sampling flow 

rate. Regardless of the analysis technique selected, the LOD was greatly reduced from 74 



ng/sample by performing repeated r e a y n h t i o n s  from hot ethanol as described Li 

Chapter 2. 

It has been demonstrateci thar TFMPH is hi& reactive towards a multitude of carbonyls 

besides foddehyde ;  acet aldehyde, acrolein, acetone, bmyraldehyde, toluenddehyde, 

beddehyde  and glutaraldehyde have ail demonsuateci reactivicy towards TFMPH on the 

samphg canridges. Indeed, every carbonyl examined was shown to f o m  the 

correspondkg TFMPH hydnzone derivative. This hi& degree of TFMPH reactivity 

towarb carbonyls opens the possibility of further developing the method as a screenhg 

tool for the measurement of muiriple cjrbonyls simultaneously. 

Ir is the authorys opinion that, while problems do exist with the rnethod in iü current form, 

TFMPH s a derivatking agent for airborne formaldehyde and other carbonyls has proven 

effeaive. TFMPH has shown itself ro have distinct advantages, nich as a hi& derivative 

volatility cornpared to other hydraune derivatizing agents and the option of using multiple 

ÿnalysis techniques. At present, the possibility of using 19F-NMR for the analysis has 

remained unexplored; this should be pursued, as it would represent a d y  novel ana@ 

technique for airbome carbonyls and eliminate the need for cornponent sepmion. 
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Appendix A: GC-ECD Temperature Program And Operating Conditions 

Detector: ECD @ 300 O C  

Column: SPB- 1701 (Supelco, Oakville ON), 0.32 mm x 30 m. 0.25 pn film thickness 

Gases: 
Canier: Hz @ 4 mumin 
ECD Make-up: N2 @ 30 mumin 
Split flow: Hr @ 12 mumin (3: 1 split ratio) 

Lnjector: programmable spliVsplitless 3 11 0 "C 

Oven Program: 
Initial Temperature: 105 O C  

Initial Hold: 2.00 min 
Ramp 1 : 4.0 'Chin to 1 12 OC, hold for 0.20 min 
Rarnp 2: 45.0 OC/rnin to 230 OC, hold for 0.1 min 

Total Run Time: 6.77 min 
Equilibration Time: 0.1 min 



Appendix B: GC-MS (SIM) Temperature Program And Operating Conditions 4 

Detector: Perkin Elrner TurboMassO Quadrupole Mass Spectrometer 
Column: MDN-5 (Supelco, Oakville ON). 30 m x 0.25 mm intemal diameter, 0.25 pin 
film thickness 

Detector: 
Ion Source Temperature: 180 O C  

Ion Curent: -70 eV 

Function 1 : single ion monitoring @ m/z 
(interna1 standard) 

1 fiom 1.30 to 2.00 min 

Function 2: single ion monitoring @ m/z 256 from 3.15 to 3.50 min 
(formaldehyde-TFMPH) 

Function 3: single ion monitoring @ d z  270 from 4.30 to 4.65 min 
(acetaldehyde-TFMPH) 

Gases: 
C h e r :  HI @ 14 psig 
Split flow: Hz @ 25 &min 

Injecter: programmable split~splitless @ 2 10 O C  

Oven Program: 
Initial Temperature: 105 O C  
Initial Hold: 2.00 min 
Ramp 1 : 4.0 'Clmin to 1 12 OC, hold for 0.20 min 
Ramp 2: 45.0 'Cfmin to 230 OC, hold for 0.2 min 

Total Run Time: 6.77 min 
Equilibration Tirne: 1 .O min 



Appendix C: GC-ECD Temperature Program And Operating Conditions 

Detector: ECD @ 300 OC 
Colurnn: SPB- 170 1 (Supelco, Oakville ON), 0.32 mm x 30 rn, 0.25 pm film rhickness 

Gases: 
Carrier: H2 @ 4 mWmin 
ECD Make-up: N2 @ 30 mL!min 
Split flow: Hz @ 12 m u m i n  (3: 1 split ratio) 

injecter: programmable spliüsplitless @ 2 10 "C 

Oven Program: 
Initial Temperature: 1 40 O C  

Initial Hold: 2.00 min 
Ramp 1 : 4.0 "Clmin to 145 OC. hold for 0.0 min 
Ramp 2: 45.0 OC/min to 260 OC, hold for 1.0 min 

Total Run Tirne: 6.8 1 min 
Equilibration Time: 0.1 min 
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An Undergraduate Field Experiment for Measuring Exposure to . 

Environmental Tobacco Smoke in lndoor Environments 

Adam M. Marsella, Scott A. Mabury, Jiping Huang and David A. Ellis 
Department of Chemistry, University of Toronto 
59 St. George Street 
Toronto, ON M5S 3H6 
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Abstract: 

An undergraduate field experiment is described for the measurement of nicotine 
and various carbonyl compounds ansing from environmental tobacco smoke. Students 
are introduced to practical techniques in HPLC-UV and GC-NPD. Also introduced are 
curent methods in personal air sampling using small and portable field sampling 
pumps. Carbonyls (fonaldehyde, acetaldehyde, acrolein and acetone) are sampled 
with solid phase extraction cartridges impregnated with 2,44initrophenylhydrarine, 
followed by elution and analysis by HPLC-UV (360 to 380 nm). Nicotine is sampled 
using XAD-2 cartridges, extracted and analyzed by GC-NPD. Students gain an 
appreciation for the problems associated with measunng ubiquitous pollutants such as 
fonaldehyde, as well as the issue of chrornatographic p&ak resolution when trying to 
resolve closely eluting peaks. By allowing the students to fonnulate their own 
hypothesis and sampling scheme, critical thinking and problem solving are developed in 
addition to analysis skills. As an experiment in environmental chernistry, the application 
of field sampling and analysis techniques to the undergraduate lab 



l ntroduction 

Recent public concern regarding environmental tobacco smoke (ETS) has 

heightened interest in estimating levels of exposure in indoor environments. A vital 

component in assessing exposure to ETS and likely resultant toxicities is the monitoring 

of tracer compounds. Nicotine is frequently employed as a marker of ETS exposure 

because of its specific generation frorn the combustion of tobacco products (1,2) 

A frequently employed strategy for the collection of gas-phase nicotine involves 

sorption to an XAD resin contained in a portable sampling tube (2,3). Because it 

contains nitrogen, selective and sensitive analysis of nicotine from air samples can 

easily be performed using gas chromatography (GC) with nitrogen-phosphorous 

detection (NPD) following desorption from the sampling resin with a suitable organic 

solvent. - - 
In addition to nicotine, aldehydes are also major components of ETS. A student 

experiment for the direct rneasurement of formaldehyde from cigarettes has previously 

been reported (4). Field sampling of aldehydes can be achieved through the use of 

derivatization with 2.4-dinitrophenylhydrarine (2,4-DNPH) impregnated onto C-18 solid 

phas- extraction cartridges. These cartridges are commercially available, or can easily 

be made in the laboratory. A known volume of air is drawn through the cartridge. and 

the aldehydes present react seledively with the 2.4-DNPH to yield 2,4- 

dinitrophenylhydrazone derivatives (5). Once extractad, the derivatives are analyzed 

with high performance liquid chromatography (HPLC) with UV-vis detedion (360-380 

Aldehydes are commonly monlored in the workplace and indoor environment 

because of their acute and chronic toxicity (6, 7). Formaldehyde, for exampie, is 



dassified as a hazardous air pollutant by the United States Environmental Protection 4 

Agency (USEPA) (8). The National lnstitute for Occupational Safety and Health 

(NIOSH) classifies formaldehyde as a probable human carcinogen (9). This is based on 

epidemiological and experimental data, including the induction of squamous cell 

carcinomas in the nasal passages of rats and mice (70). Both the International Agency 

for Research on Cancer (IARC) and Amencan Conference of Govemmental Industrial 

Hygienists (ACGIH) have implicated other aldehydes including acetaldehyde and 

acrolein as carcinogenic (7 7-73). Acutely, aldehydes are generally regulated because of 

their imtant effects on the eyes. skin and upper respiratory tract (14). 

The focus of this experiment is to familiarize students with techniques and 

equipment frequently employed in the measurement of gases and organic pollutants in 

the environment and workplace. By applying current and reliable methods for the field 

sampling of nicotine and aldehydes, students are able to-examine the real-world 
* 0 

problem of ETS exposure in common indoor urban environments such as ban and 

nightclubs. Unlike nicotine, aldehydes are not specific to the combustion of tobacco, 

originating from a variety of other sources including building materials and the 

combustion of fossil fuels (14). By measuring both nicotine and aldehydes. students 

can critically compare the use of these two methods for the estimation of ETS exposure. 

Finally, the experiment illustrates common variables encountered when assessing 

indoor ETS concentrations, including ventilation and the number of people smoking. 

Experimental Procedure 

Each group of students is supplied with two penonal air sarnpling pumps (Buck 

I.H. pump; A.P. Buck, Inc.). Prior to field sampling. each pump is calibrated with a 

bubble fiow meter. The pumps are calibrated to approximately 1000 and 500 mumin for 

- 



nicotine and aldehydes. respedively. Students are supplied with two XAD-2 sampling 4 

cartridges (Supelco) for sampling nicotine: one for sample collection and the other to 

serve as a control. Similady. each group is given two 2.4-DNPH cartridges (Supelco) for 

sampling aldehydes. 

Field Sampling 

Students are allowed to design a sampling strategy that they feel would test a 

hypothesis relevant to ETS exposure. The formulation of this hypothesis is left to the 

students, as is the selection of sampling location. For exarnple, students may decide to 

test whether levels of nicotine and aldehydes Vary significantly behnreen smoking and 

non-smoking sections of a particular restaurant. In such a case, air would be drawn 

through the sarnple M D - 2  and 2,4-DNPH cartridges in the smoking section. while the 

control cartridges would have air drawn through them in the non-smoking section. 
9 

A summary of the sampling apparatus with the e&uing extraction and analysis is 

depided in figure 1. Air is drawn through the sample and control cartridges for 1 hour. 

with a i 5-minute wam-up period for each pump prior to the attachment of the 

appropriate sampling device to ensure a constant fiow rate. Care is taken to ensure that 

the XAD-2 cartridges are fastened to the purnp in the proper direction, with the 

secondary (breakthrough) XAD-2 section of each cartridge closest to the pump. The 

sampling devices are clipped to the collar of one group mernber to sample breathing 

zone air. Dunng sampling. students are asked to note variables such as the 

approximate sue of the room. the number of occupants smoking and any obvious lack 

of ventilation. 

lmmediately following sampling. the cartridges are capped, wrapped in aluminurn 

foi1 and stored in the freezer until the time of analysis. The moming after sampling, the 

- - 



flow rates of both pumps are checked again to ensure that the flow rate has remained 

constant. 

Laboratory Extraction and Analysis 

(i) Nicotine 

The pflrnary (sampling) sorbent section of each XAD-2 cartridge is carefully 

removed from the glass tube and directly placed into a separate 125 mL Erlenmeyer 

flask with 5 rnL of ethyl acetate to extract the nicotine. Both flasks are swirled for 15 

minutes. The same procedure is followed for the breakthrough section of each XAD-2 

tube. 

GC-NPD calibration is carried out over several orden of magnitude to 

accommodate the wide range of nicotine concentrations expected in the extracts. 

Extemal calibration is perfomed using 100. 500, 1000, 2000 and 10000 pglpL standard 
4 a 

solutions of nicotine in ethyl acetate. Duplicate injections (1 PL) of each primary and 

secondary XAD-2 extract are injected ont0 a GC (Perkin Elmer, model??) equipped with 

a simplicity-1 capillary column (Supelco, 30 rn x 0.32 mm internal diameter, 0.25 pm film 

thickness). 

(ii) Aldehydes 

60th DNPH cartridges are eluted with a 2 mL volume of acetonitrile. A second 2 

mL of acetonitrile is passed through each cartridge and combined with the respective 

initial extract, yielding a total extraction volume of 4 mL for each cartridge. 5 p l  of each 

4 mL extract is injected into an HPLC (Perkin Elmer, model?) equipped with a Supelcosil 

LC-18 column (Supelco, location ZZ, 25 cm x 4.6 mm internal diameter, 5 micron 

particle size) and W-vis detector (Perkin Elmer, rnodel?). Two mixed standard 



solutions of forrnaldehyde, acetaldehyde, acrolein and acetone are used to calibrate the 

wide range of concentrations expected in the samples. Although acetone is not an 

aldehyde, it is present in ETS (15) and its carbonyl group is sufficiently reactive to 

undergo denvatkation with 2.4-DNPH, allowing for its quantification. ldentifying and 

quantifying the acetone derivative peak is also necessitated by its close. often 

overlapping elution with the acrolein 2.4-DNPH derivative. Replicate injections (5. 10, 

15 and 20 pl) of both the high (1 0 nglpl) and low (1 nglpL) concentration standard 

solutions are made ont0 the HPLC for extemal calibration. 

Results and Discussion 

Typical chromâtograms of cartridge extracts and standards from GC-NPD and 

HPLC are dispfayed in figures 2 and 3, respectively. FA, AA and nicotine concentrations 

are listed in table 1. Poor baseline separation of acrolein and acetone made 
O * 

quantification of these two carbonyls difficult. with the range of class concentrations for 

these two compounds likely unreliable. Time limitations prevented the weakening of the 

mobile phase strength to allow for better chrornatographic resolution between acrolein 

and acetone. 

Most groups found detectable levels of aldehydes in their 2.4-DNPH cartndge 

extracts. This was likely caused by aldehydes emitted from sources other than ETS. In 

contrast, nicotine was only detected in 2 of the twelve groups' control XAD-2 extracts. 

and in both cases could be attnbuted to the particular control location. such as the non- 

smoking section of a restaurant with a non-enclosed smoking section nearby. This 

cleariy illustrates why nicotine is usually considered a more accurate mark2r of ETS 

exposure than aldehydes. which are more ubiquitous in the environment due to multiple 

sources of generation. 



Students were not strictly limited to indoor environments. Outdoor sampling was 

conducted by some groups in downtown Toronto. Aldehydes were detected in these 

samples, likely originating from fossil fuel consumption associated with automobiles and 

other processes involving the incomplete combustion of organic materials. Nicotine was 

not detected in outdoor sampling environments. as would be expected. For groups 

sampling outdoon, a temperature-conected sampling volume was calculated using the 

ideal gas law to compensate for the large deviations from standard temperature during 

sampling. Students who sampled indoon assumed a standard temperature of 25 O C  

when calculating airborne concentrations of carbonyls and nicotine from cartridge 

extract masses. 

Some groups went as far as to estimate the amount of aldehydes and nicotine 

an individual could expect to be exposed to via inhalation over a given time period spent 

at their sampling location. This was done by taking the average number of breaths 
4 - 

inspired by a resting individual per minute, and multiplying by the volume inspired per 

breath to yield a volume of sample air inhaled per minute while resting at the sampling 

location. From this information and the calculated concentrations, an estimation of 

inhaled aldehyde and nicotine exposure masses per unit time could be made. 

In general. students found the experiment enjoyable and worthwhile in the 

context of an analytical chemistry course. The freedorn given in ternis of choosing the 

sampling location and hypothesis formulation is beneficial in stimulating students to 

carefully think about how sampling strategies and analytical techniques apply to a real- 

worid example related to the health of the general public. Furthenore, students gain an 

appreciation for the concentrations of these toxins encountered on a daily basis, and the 

toxicological relevance of these levels with reference to the literature. 
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List of Figures 

Figure 1: Sampling, extraction and analysis schematic for carbonyls and aldehydes. 

Figure 2: GC-NPD sample chromatograms of (i) a standard injection and (ii) a sample 
cartridge extract. 

Figure 3: HPLC sample chromatograms of (i) a standard injection and (ii) a sample 
cartridge extract. 
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ABSTRACT 

A new method was developed and described for the measurement of airbome 

fonnaldehyde using derivatization with 5.5-bis(trifluoromethy1)phenylhydrazine 

(TFMPH) coated onto silica solid phase extraction cartridges. Analysis by GC-ECD 

provides a detection limit of 74 ng formaldehyde per sarnple. A field study was 

conducted to compare the use of TFMPH to 2,4-dinitrophenylhydrazine (DNPH) and 

NIOSH method 3500 (chrornotropic acid. CTA). Sarnples were collected from indoor 

and outdoor environments known or suspected to contain formaldehyde. Use of TFMPH 

with GC-ECD analysis correlates well with both methods ( ~ ~ = 0 . 9 3 ,  slope=1 .O7 vs. 

DNPH; ~ '=0 .99 ,  slope=l .O6 vs. C'TA). Spiked sarnples were shown to be stable at least 

7 days when stored at -20 OC. Analysis of samples by GC-MS with selected ion 
*. 

monitoring (GC-MS/SIM) also proved feasible. Laboratory and field results show the 

use of TFMPH to be viable for quantifying airbome formaidehyde in occupational and 

environmentai samples. 

KEY WORDS: Formaldehyde. gas chromatography, derivatization, air sampling 



INTRODUCTION 4 

Aldehydes are significant constituents of indoor and outdoor air pollution, 

originating h m  a diverse range of sources including environmental tobacco smoke (ETS). 

out-gasing of building materials, the incomplete combustion of fossil fuels and industrial 

processes such as smelting (1). In generai, there is widespead exposure to aidehydes in the 

home, environment and workplace. Aidehydes are important intermediates in die 

formation of photochernical smog (2). Whiie natural sources of aldehydes do exist through 

the photooxidation of naturally o c c ~ g  hydrocarbons (3), exposure associated with 

human toxicity is almoa exclusively linked to anthropogenic activities. Fomaldehyde is 

the sirnplest aldehyde, but likely the most extensively studied due to its heavy use in 

industry (1) and highly toxic properties (4). 

Exarnining the effects on human health of acute andchronic exposure to 

formaldehyde. as well as its role in troposphenc environmental chemistry, requires a 

diable analytical technique for accurate quantification. In recent years, numerous 

attempts have been made at developing new methods for measuring airborne formaldehyde 

and other aldehydes through the reaction of aldehydes with a hydrapne, followed by 
- * 

detection of the resultant aldehyde-hydrazone derivatives (5-8). One of the first hydrazines 

to gain widespread use in measuing airbome aldehydes was 2,4dini~ophenyIhydrazine 

(DNPH) coupled with analysis by high performance iiquid chrornatography with ultraviolet 

detection (HPLC-UV) (9). Although this method is still extensively used (1 0-1 3), it s e e n  

fkom several disadvantages. Because it is an HPLC technique, the resolution achievable is 

poor in cornparison to gas chromatography (GC) methods. This lack of peak resolution can 

be problematic in complex air sarnples ofien encountered in the environment. Attempts 
- - 



have k e n  made at analyzing DNPH hydrazones by GC (14). This has not gained popdar , 

use, however, partiaily because of the relatively low volatility of DNPH and its hydrazones. 

Two additionai disadvantages of using an HPLC technique include the large volumes of 

solvent waste produced and the long analysis tirnes required in comparison to GC. 

Recently, Goelen et al. (1 5) conducted an inter-laboratory comparison utilizing several 

sampling and analysis techniques for formaldehyde, including DNPH. Their results 

indicated that, over the concentration range exarnined. 53% of the rnethod-laboratory 

combinations using DNPH with HPLC-W analysis were not able to comply with the 

minimum performance requirement of 30% overall uncenainty. This seems to point 

towards an opportunity at improving the statesf-the-art in formaldehyde sampling and 

anal y sis techniques. 

In this paper, a new method is described for meas&g airborne formaidehyde 

using silica soiid phase exmction (SPE) cartridges impregnated with 3,5- 

bis(trifluoromethyl)phenylhydraUne (TFMPH) (Figure 1 ). Because of its six equivaient 

fluorine atoms, a TFMPH sarnple collection method opens the possibility of using 1 9 ~ -  

NMR in the analysis. The use of TFMPH with either electron capture detection (ECD) or 
- - 

mass spectrometry with selected ion monitoring (MSISIM) offers several potentiai 

advantages over existing techniques, including increased sensitivity and selectivity. The 

two -CF3 moieties in aldehyde-TFMPH derivatives shouid facilitate GC voiatilization. 

possibly allowing for lower oven temperatures and shorter analysis times than similar 

existing rnethods. A preliminary attempt was made at quantiQing the extent of these 

advantages in comparison to two existing techniques for rneasuring airbome formaldehyde: 

DNPH with analysis by HPLC-UV and NIOSH method 3500, chrornotropic acid (CTA) 
d - 



with visible absorbance (VIS) analysis (16). Finally, several Jdehydes in addition to 4 

formaldehyde were analyzed as their TFMPH denvatives frorn spiked samples using GC- 
' 

MS/S IM. 

EXPERIMENTAL METHODS 

Couring of silica SPE cartridges 

Al1 solvents were HPLC-grade (Caledon, Georgetown ON). The silica SPE 

camidges used were of particle size 50-60 pm, with 500 mg sorbent per cartridge (Supelco. 

Oakville ON). Camidges were washed with 5 mL acetonitrile and dried ovemight in a 

desiccator. Following drying, 300 pL of a 10 mg/mL TFMPH solution (99% acetonitrile. 

1 % conc. H3P04) was loaded ont0 each cartridge using a glas syringe fitted with a Teflon 

plunger. Batches of cartridges were subsequently dried for24 hours under vacuum in a 

desiccator pnor to sampling. To avoid possible aldehyde contamination of the sampling 

cartridges, a protocol sirnilar to that empioyed by Grosjean and Grosjean (1 O) was 

employed. Several DNPH-coated filter papen were placed in the desiccator dong with the 

cariridges. A DNPH-coated cartridge was placed on the inlet of the desiccator; these filters 

would act as passive samplea for any carbonyls present. In moa cases, cartridges were 

used within 48 houn of being dosed with TFMPH. If longer storage times were required, 

the dry TFMPH cartridges were removed from the desiccator, capped with clean HDPE 

plastic caps. placed in a sealed pla&ic container which aiso contained several DNPH-coated 

filters and stored in the dark at 3-4 OC. 



Generaiion of standards and e valuarion of sampling flow rates 

Standards were generated by spiking 100 pL of methanol containhg known 

quantities of formaldehyde into a glass irnpinger apparatus (Figure 2). In this way. 

fomaldehyde vapour was quantitatively loaded ont0 the TFMPH cartridges. mimicking 

their manner of introduction in acnial field sampling. To ensure the reliability of this 

calibration technique, it was repeated using DNPH and the resultant standard cuve 

compared to that obtahed using an extemal hydrazone standard. The two calibration 

c w e s  were not found to differ significantly, thereby providing an initial indication of the 

suitability of this vapour spiking technique for TFMPH calibration. 

For TFMPH, sample collection flow rates of 250,500,750 and 1000 &min were 

evaluated ( n 4 )  using the vapour spiking apparatus and a clean silica cartridge attached in 
A + 

series behind the TFMPH cartirdge. This was done to enstire that no TFMPH or hydrazone 

analyte was lost out the back of the camidge during sample collection. The apparatus was 

spiked with 740 ng formaldehyde and allowed to run for 2 houn at each of the four flow 

rates. Both the primary TFMPH cartridges and the secondary breakthrough silica 

cartridges were analyzed by GC-ECD for the formaldehyde-TFMPH denvative and - . .  

TFMPH. 

To ensure that no formaldehyde was passing through the camidges without k i n g  

derivatized. a DNPH cartridge was attached in senes behind a TFMPH camidge. and 100 

ug of formaldehyde gas introduced using the g l a s  impinger apparatus. Nitrogen was 

passed through the system at 1 O00 &min for 2 hours. then the breakthrough DNPH 

cartridge analyzed for formaldehyde-DNPH hydrazone by HPLC-UV. 



After sarnpling or vapour-spiking calibration, TFMPH-coated cartridges were 

slowly eluted with 3 mL of ethyl acetate at 2 mumin. This was done by first eluting with 

2 mL, centrifuging the cartridge to dryness and then eluting with an additional 1 mL of 

ethyl acetate and centrifuging a second time. This additional third millilitre of ethyl acetate 

was found to provide a slight increase in analyte recovery. Although acetonitrile did 

provide more cornplete cartridge elution in 2 mL than ethyl acetate. we opted to use ethyl 

acetate to facilitate the possible use of GC with nitrogen phosphorous detection (NPD) in 

the future. 

GC- ECD operating conditions 

Ail GC-ECD analyses for the formaldehyde-T'FMPH denvative were performed 

using a Perkin Elmer Autosystem XL GC fitted with a SPB-1701 column (0.32 mm x 30 m, 
m . .  

0.25 pm füm thickness; Supelco). The injector and detector temperatures were 2 10 and 300 

OC, respectively. The oven was temperame programmed to begin at 105 O C  for 2.0 

minutes, m p  to 1 12 O C  at 4 *C/min, holding for 0.2 minutes, then rarnping to 230 O C  at 45 

OCfmin and holding for 0.2 minutes. The ECD carrier gas was H2 at 12 d r n i n  with a 3: 1 

split ratio. The make-up gas was N2 at 30 &min. With these operating conditions, the 

fomaldehyde-TFMPH hydrazone peak was observed at approximately 3.2 minutes (Figure 



Stability of the forrnaldehyde- TFMP H hydrccone 

To establish proper sample storage protocols, an experirnent was conducted to 

evaluate the stability of the fomaldehyde-TFMPH analyte under various storage 

conditions. The treatments exarnined were (i) on the sampling cartridge at 3-4 OC in the 

dark, (ii) on the sampling cartndge at 20-25 O C  in the dark, (iii) on the sarnpling cartridge at 

-20 OC Li the dark and (iv) in 3 mL ethyl acetate at 3 4  O C  in the dark stored in seded 5 

mL amber sarnple vials. At T=O days, camidges were spiked with 50 pg of fotmaldehyde 

using the vapour spiking apparatus shown in Figure 2. Spiked camidges were then divided 

quail  y among the 4 treatments. For treatment (iv), four cartridges were eluted 

immediately (serving as the T=0 day data point for dl fo.treaments), analyzed and re- 
* .  

andyzed at each t h e  point. Following T=0 days. two carûidges from treatrnents (i) to (iii) 

were eluted at each of the tirne-points depicted in Figure 4. Al1 samples were analyzed by 

GC-€CD. 

While the overall method detection lirnit would be expected to vary with factors 

such as the sampling tirne. flow rates and final extraction volume. the detection Iimit of the 

analytical method was determined to be approximately 74 ng per sarnple by GC-ECD. 

This was determined by comparing two standard deviations from seven replicates of the 

blank and 74 ng per cartridge spiked samples, and can be regarded as a conservative 



estimate of the anaiytical detection Iimit. This detection Iimit was largely affected by 4 

residual fomaldehyde-TFMPH in the blank samples. It was found that repeated 

recrystalization of the TFMPH fiom hot ethano1 pnor to dosing of the cartridges reduced 

this residuai signal considerably, and would therefore also lower the anaiytical detection 

limit significantiy. 

Field cornparison of TFMPH to DNPH and CTA 

To validate the TFMPH method, samples were collected from a vatiety of 

occupational and environmental settings to reflect a range of aldehyde concentrations. 

When necessq, a sample volume correction was performed to account for samples 

collected at temperatures other than the calibration tempe&e of 25 OC. Side-by-side 

samples were collected using TFMPH cartridges, DNPH cartridges and, in some cases, 

NIOSH method 3500 (CTA) (1 6). Sampling rates with TFMPH ranged from 60 to 1 50 

&min. Higher flow rates were not used to avoid failure of the sampling purnps 

(AircheckN mode1 224-PCXR7; SKC. Eighty Four PA). Sampling times varied fiom 1 to 

3 h o u ,  depending on the formaldehyde concentrations anticipated. Al1 TFMPH field 

samples were analyzed for the formaldehyde derivative by GC-ECD, with selected samples 

king re-anaiyzed by GC-MSISIM to confirm peak identity. Any oxidative loss during 

sampling of formddehyde-TFMPH via reaction with atmosphenc oxidants other than 

ozone was accounted for using an 'oxidation blank' run dong side the collected samples. 

This oxidation blank consisted of a TFMPH camidge attached behind a DNPH camidge 

and KI ozone scrubber. The resultant decrease in hydrazone response relative to a blank 
- - 



cartridge was used as a correction factor for al1 environmentai (Q5 ppbv HCHO) samples , 

collected on a given day of sampling. 

The CTA method was not used in the rnajority of the environrnental sampiing, as 

this method is subject to numerous interferences from compounds expected to be 

encountered in arnbient, environrnental sampling (1 7- 19). For this reason, use of CTA was 

largely limited to occupattonal and indoor air quaiity senings. CTA was employed exactly 

as outlined in NIOSH method 3500 (16). Briefly, samples were collected in liquid giass 

impingea containing 30 mL of a 1 % sodium bisulphite solution. Following sampling, 

aliquots fiom each sample were reacted with chromotropic acid and sulphuric acid and the 

resultant purple colour measured using a Perkin E h e r  Mode1 55B spectmphotorneter at 

580 nrn. 

; r 

With DNPH, sarnples were collected at flow rates ranging from 80 to 900 &min. 

Following sampling, DNPH cartridges were capped with HDPE piastic caps and stored at 

3-4 O C  in the dark in a seaied plastic container containing severai DNPH-coated filter 

papers. DNPH sample caxtridges were slowly eluted with 2 rnL aceronitriie at 

approximately 2 mUrnin, then centrifuged to dry. Samples were analyzed using a Varian - - 

90 10 HPLC pump equipped with a Varian 9050 Variable Wavelength UV-VIS detector set 

at 360 nrn. The mobile phase flow rate was I rnUrnin, ACN/water, gradient prograrnmed 



The column used was an Alltimam C-18 end-capped column (25 cm x 4.6 mm, 5 p 4 

particle size; Ailtech) 

Applicubility fo Other A fdehydes 

To show the potential for applying the use of TFWH to other carbony 1 compounds, a 

mixed standard of formddehyde. acetaldehyde, acrolein. n-butyraldehyde and p- 

toluenaldehyde was prepared to deliver 100 pg of each aldehyde to a TFMPH cartridge 

using the vapour spiking apparatus s h o w  in Figure 2. Analysis by GC-MSISIM at m/= 

228 was performed, and peak identities confmed with an additional full-scan GC-MS m. 

RESULTS and DISCUSSION 

A flow rate up to at l es t  1 O00 mUrnin was found to be suitable for sarnple 

collection using the TFMPH careidges. Even at 1000 &min, no formaldehyde, TFMPH 

or formaldehyde-TFMPH derivative loss was detected from the primary camidge. For - - 

routine andysis, however, samples were not collected at flow rates p a t e r  than 150 

d m i n  to avoid pump failure. If lower detection limits are required, it is suggested that 

the cartridges used here be substimd with cartridges of a larger particle size (1 50-200 pm; 

Supelco, Oakville ON) to facilitate sample collection at higher flow rates. 

The Formaldehyde-TFMPH hydrazone was found to be stable at least 7 days as a 

stored extract at 3-4 O C  and on the sampling cartridges at -20 OC. The results of the - - 



stability hidy are illustrated in Figure 3. Rapid degradation was observed, however, 4 

following storage of the sampling cartridges at room temperature or at 3 4  OC. The 

degradation was believed to be through the oxidation of the hydrazone derivative. This 

suspicion was panially confirmed with GC-MS (EI), which pointed to formation of the 

proposed oxidized product depicted in Figure 5(ii). 

This rapid oxidative ioss of the hydrazone denvatwe in the stability study 

necessitated two additional precautions during sarnpling at environmental concentrations of 

formaidehyde. Fim, commercially available potassium iodide ozone scrubbers (Supelco. 

Oakville ON) were attached in series to the front of each sarnpling cartridge. These 

scrubbers have been vdidated for the removal of the ozone interference observed with the 

use of DNPH at ozone concentrations ranging fiom 60 to 120ppbv (20). Given that 

formalclehyde-TFMPH appears to be more easily oxidizedihan the fomddehyde-DNPH 

derivaitve, this added precaution was taken with TFMPH when collecting outdoor samples 

of formaldehyde, since ozone wodd be expected to be present as a secondary poilutant 

outdoors. The efficacy of these KI scmbbea was exarnined on numerous occasions during 

outdoor sampling, and in each case provided a significant increase in fomaldehyde- 

TFMPH recoveries relative to TFMPH samples collected without KI (Figure 6). 

The TFMPH method showed excellent agreement with both DNPH and CTA over 

the concentration range examined (Figure 7). Because formaldehyde-TFMPH to oxidant 

ratios wodd be higher in occupationai settings. the oxidation blank correction factor was 

not required at higher (>25 ppbv) airbome formaldehyde concentrations to yield good 

agreement with DNPH and CTA. In comparing TFMPH to both existing methods, the 



slope was close to 1 .O (1  -067 and 1 .O65 for DNPH and CTA comparisons, respectively). 

The y-intercept of 4 ppbv for CTA vs. TFMPH cm be explained in part by the limited 

nurnber of low concentration comparisons made between these two methods. 

With a GC-ECD anaifical detection limit of 74 ng/sarnpIe, the use of TFMPH is 

more sensitive than CTA at 500 ng/sarnple (1 7,2 1 ), but Iess sensitive than the value 

reporte8 For DNPH oc9 ngisampie ( i i j. This detection iimit cm be improved to 

approximately 10 ng/sample through repeated recrystalization of the TFMPH to remove 

residual formaldehyde-TFMPH derivative, aithough a formal determination of this lower 

detection limit was not investigated. Lowering the detection limit would, overall, reduce 

the sarnpling tirne required to quanti@ low levels of formaldehyde. This was not an issue, 

however, for the concentrations and sarnpling times employed in collecting the samples 

presented here. - 
Compared to previous studies of outdoor, arnbient environmental levels of 

formaldehyde, the data collected here faIl into the range of concentrations anticipated. 

although a direct cornparison cannot be made due to spatial and temporal differences. 

Ambient HCHO concentrations h m  six Southem California locations measured by 

Grosjean (22) in 1988 and 1989 averaged 6.6 ppbv, with concentrations rising to as high as 

29.4 ppbv. Similarly for Athens, Greece, an average HCHO concentration of 2.6 ppbv has 

ken  reported, with concentrations rising as high as 12.9 ppbv during eight sampling 

periods in 1995 (23). Arnbient formaldehyde concentrations fiom two nuai sites in Central 

Ontario averaged 1.6 and 1.8 ppbv in the surnmer of 1988 (24). The average outdoor 



HCHO concentration measured here fiom a site in downtown Toronto, taken as an average , 

of al1 DNPH and TFMPH environmental sarnpies presented in Table 1, was 12.1 ppbv. 

Andysis by GC-MSN M at mi: 270 for the acetaldehyde-TFMPH derivative also 

proved prornising, yielding baseline separation of the cis- and tram- TFMPH derivative 

(Figure 8). Similady, The combined five-aidehyde solution vapour spiked ont0 a TFMPH 

camidge and anaiyzeci by GC-MSiSIM at m/z 228 provides m e r  evidence for the 

applicability of TFMPH derivatization to other carbonyls (Figure 9). The cis- and tram- 

isomers of acetaidehyde-TFMPH were not baseline resolved in this case. but collapsed into 

a single peak. Aiso. the large peak observed for the acetone-TFMPH derivative in Figure 9 

was attributed to glassware contamination, with the identity confirmed dong with the other 

five denvatives using full-scan GC-MS. Some initial evidence has also been obtained by 

our laboratory for the applicability of using TFMPH in théderivatization of benzaldehyde 

and glutaraldehyde. with andysis by either GC-ECD or GC-MSISIM. 

CONCLUSIONS 

From the comparative field data presented here, it cm be concluded that TFMPH 

can effectively be used as a derivatizing agent in the quantification of airbome 

formaldehyde over the concentration range examined. The derivatizing agent is also 

potentially applicable to the measurement of other airborne aidehydes. Although 

susceptible to oxidation during the course of sample collection and storage. precautions can 

be taken to minimize this loss of analyte. 
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TFMPH Formaldehyde Hydrazone Derivative 

Figure 1. TFMPH structure and formaldehyde derivatization scheme. 
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Figure 2. Vapour spiking apparatus used to spike TFMPH cartridges with known masses 

of formaldehyde. 



Figure 3: GC-ECD chromatogram showing TFMPH (3.5 min) and formaldehyde-TFMPH 

derivative (3.2 min). 
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O 

1.710479285 

tU.75924502 

O 

1.493934504 

10 11667312 

O 

1.894030 1 

15.91023587 

0 

2.51 1275152 

1 1.84540378 

O 

1.6501 19252 

4.10575627 

O 

1.48 1474499 

Air 1 

( P P ~ )  

0.005665 143 

(1 

0.00 1395 t 8 1 

0.00877595tl 

C) 

0.001 218553 

0.00825 1833 

(1 

0 . 0 1  544897 

0.01 2977444 

(1 

0.002048363 

0.00966 190 1 

C 

0.00 i 345941 

0.003348925 

C 

0.00 1208385 



Sampling Location: Day-long sainpling from LM roof, photolysis check 
Date: April 12, 1999 

Pump # 

Buck t 

Samplt I.D. 

11-1 prn 

Melhod 

Initial F.R. Stnrt 

(min) 

End 

(min) 

Sampling 

Time (min1 

Ilmin) 

Final F.R. 

Ilmin) 

Avg. F.R 

Snmplc Vol 

(II 

Somple Vol iampl, Tcmp 

(KI 



remp. Corr. 

Vol im3) 

Tot. Mass 

Coll'td (mcg] 

Blank Corr. 

Mass (mcg) 





rtmp. Corr. 

Vol (m3) 

Tot. Mass 

Zoll'td (mca] 

Rlank Corr. 

Mass (mcg) 

Avg (KI): 0.003898 
std. Dev (KI): 0.001 445 

Avg (no KI): 0.0024 16 
std. Dev (no Ki): 0.000808 





Ternp. Corr .  

V o l  (m3) 

0.22 15932 17 

O. 182 188448 

0. 139464 

0.228467014 

O.OORO58 1 9 1 

0.00885904 

0.01 1 1 12483 

0.01 IO09329 

O. 1 12493958 

O. 145840783 

O. 12 1252657 

O. 1 2065249 

Tot. Mass 

2oll'td (mcg) 

0.837 

1.54 

tllank Corr. 

Mass (mcg) 

1.46 

1 .O3 

0.7 1 7 

1.42 

0.039 

0.008 

0. 162 

0.233 

0.3 84 

0.405 









- 

iampl. Tcmp 

(KI 

293 

293 

293 

293 

293 

293 

293 

293 

293 

293 

293 

293 

293 

293 

293 

Tcmp. Corr. 

Vol (m3) 

O .  l54O548 12 

0. 154237884 

0.0085 12833 

0.01 1350444 

0.009245 1 19 

0.01 080 1229 

O.  193323686 

0.01 9039454 

0.0 12448874 

0.0 19405597 

O.Ol3l8ll6 

O. 1 7770 1 57 

0.236650648 

0.01 1350444 

0.01 1350444 

Tot. Mass 

Zoll'td (mcg 

RIank Corr. 

Mass (mcg) 

2.43 

1.98 

0. 109 

0.284 

0.0 17 

0.459 

2.8 1 

0.117 

0.i4 

0.036 

0.025 

2.72 

2.87 

O. 197 

0.044 

. 

Air 1 1 
( P P ~ )  

0.0 12866005 

0.0 1047096R 

0.01 044395li 

0.020408835 

0.00 1499854 

0.03466 189 

0.01 IR55885 

0.0050 1238 1 

O.OO9697 1 56 

0.001513172 

0.001 54703 1 

0.01 2485052 

0.009892064 

0.01 4 156833 

0.003 l6 1932 




