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SUMMARY 

A comprehensive scheme for the direct analysis of orgamcs in the environment 
IS described. The technique of collisron-activated dissociatron on a triple quadrupole 
mass spectrometer is employed for the characterization of both knowns and un- 
knowns by both molecular weight and functional group Neutral loss scans are used 
for the analysis of carboxyhc acids, phenols, polynuclear aromatic hydrocarbons, 
ammes and chlorocarbons Parent ion scans are used for detection of aldehydes, 
ketones and phthalates The total analysis time per sample IS typically 25-30 mm by 
this approach. 

INTRODUCTION 

Analysts of water samples for the 114 toxic orgamc chemicals on the U.S. 
Environmental Protection Agency (EPA) prtority pollutant list presently mvolves 
separation of the orgamcs from the matrix usmg a combinatton of wet chemical 
extraction steps, sample concentration and clean-up by various types of chromato- 
graphy, and final analysis by a gas chromatograph-mass spectrometer-data system’ 
This approach has proved to be highly reliable and applicable to a variety of different 
matrices. Efforts to extend the methodology and develop a master analytical scheme 
for the analysis of all orgamcs m water that can be made to pass through a gas 
chromatograph are presently in progress’. 

Disadvantages of the above approach mclude. (a) the inability to detect hrghly 
polar compounds too mvolatile or thermally labile to pass through the gas chromato- 
graph. (b) the high labor costs dictated by the need for extensive sample clean-up 
and preseparation prior to analysis. and Cc) the large amount of time required to 
perform even a smgle analysrs on a relatrvely expensive gas chromatograph-mass 
spectrometer-data system. 

To overcome these problems, we have Initiated research to develop an alternate 
comprehensive analytical scheme that uses the technique of collision-activated drs- 
sociation on a triple quadrupole mass spectrometer for the direct, raprd. quahtative- 
semiquantitative analysis of orgamcs m liquid and solid envnonmental matrices 
Elimination of all or most wet chemical and chromatographrc separation steps. 
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charactertzatron of both knowns and unknowns by molecular weight and functional 
group at the 0 lP 1 0-ppm levei, and d total analysis time per sample of under 30 mm 
are addrtronal obJectrves of thus effort 

Here we describe the mstrumentation employed in thus analytrcal scheme and 
outhne the approach used for the drrect analysrs of phthalates, chlorocarbons, poly- 
cychc aromatrc hydrocarbons, phenois. amrnes. carboxyhc acrds, ketones, and alde- 
hydes m envuonmental matrrces 

Addrtronal examples of mrxture analysis by tandem mass spectrometry can be 
found in two excellent revrew? ’ 

EXPERIMENTAL 

All experiments were performed on a Fmmgan triple stage quadrupole mass 
spectrometer-data system This Instrument consists of a conventional electron ion- 
rzatton chemtcal tomzatlon ion source. three quadrupole filters. Ql. Q3, and Q3. and a 

conversion dynode electron multrpirer detector (FIN 11~. Mrxture analysis on this 
mstrumentatron can be accomphshed wrth or wrthout prror chromatographtc separa- 
tron of the components 
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When a quadrupoie mass filter operates ulth only low radiofrequency (r.f.) 

potential on the rods. It functions as an Ion-focusing device and transmits ions of all 
n/z ratios Accordmgly. if Ql and Q2 function m the r.f only mode, and Q3 IS 
operated with both r f and d.c. potentials on the rods. the triple quadrupole mass 
spectrometer behaves like a conventional single analyzer instrument. All ions exiting 
the ion source are transmitted through Qt and Q2 and are mass analyzed m Q3 
Standard electron lomzatlon or chemical lomzatlon mass spectra of each component 
eluting from the gas chromatograph result 

Operation of the triple guad~ upole muss .spectrometer in the duughter Ion scan mode 
Daughter ion scans (Fig. 1) are particularly useful when a complex matrix IS to 

be analyzed for the presence or absence of a small number of known compounds To 
obtain colhssion-activated dlssociatlon mass spectra, matrix components are volatil- 
ized mto the ion source and Q2 IS filled with argon gas to a pressure of l-4 mTorr 
and operated m the r.f only mode. The r.f. and d.c potentials on Ql are then set to pass 
ions with a particular m -_ value (Fig. I ). When the selected ions enter Q2, they suffer 
colhslons with argon atoms, become \lbratlonally excited, and dlssoclate to produce 
ions characteristic of their structure. In the presence of a weak r.f. field, all of these 
fragment ions are transmitted to Q3 where they undergo mass analysis. A mass 
spectrum of the fragment Ions derived from each ion entermg Q2 results Other 
matrix components will usually contribute to the total slgnal at the particular F#Z 

value selected by Ql and the resulting colhslon activated dlssoclatlon mass spectrum 
will contain fragment Ions derived from several components All ions m the colhsion- 
activated dlssociatlon mass spectrum of the pure analyte should be present in the 
mixture spectrum if the known compound is present In the matrix 

Previous reports from this laborator) have described the use of this approach 
for the detection of mtrophenols and phthalates m industrial sludge at the lOO-ppb* 
level6 and for sequence analysis of polypeptldes m mixtures7 

Operation of the triple yuudr-upok I~ZUSS spectrometer m the parent ion .wan mode 

If Q3 is Set at a particular ITI,: value. Q2 IS operated as a colllslon cell, and Q 1 IS 
scanned over the desired mass range, the resulting spectra contam all of the parent 
ions that afford a particular fragment in the colhslon-activated dlssoclation process 
This 1s referred to as a parent ion scan and is particularly useful for the analysis of 
either a homologous series of compounds or a class of compounds contammg the 
same functional group In the present work. phthalates are analyzed using this scan 
mode. 

Opel utlon of the triple quadrupole 1nus5 spec’tl otwter wi the neutmi loss scan mode 

Neutral loss scans are employed for the rapld analysis of complex mixtures for 
members of a class of compounds that undergo the same type of fragmentation, loss 
of the same neutral moiety. under colllslon-activated dlssoclation conditions Q2 IS 
employed as a colhslon chamber and both Ql and Q3 are set to scan repetltlvely at a 
fixed mass separation over the desired mass range (Fig. 1) Mixture components are 

* Throughout rhls drtlcle. the American ‘b1111on ( IO91 IS meant 
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volatilized into the ion source and converted into ions characteristic of sample molec- 
ular weight under either posmve or negative chemlcai lonizatton conditions. At any 
point m the scan of Ql, all ions of a particular n~i-7 value will be transmitted to Q2. 
Only those ions that lose a particular neutral of specified mass will have the rrght m/z 
ratio for transmission through Q3. Nrtroaromatic compounds. for example, form 
abundant (M t H)’ tons under methane positive ton chemical tontzatron condlttons 
and then suffer loss of 17 a m.u. OH‘, on collision-activated dissociation m Q2. Since 

loss of 17 a m.u. IS highly charactertstlc of mtroaromatlc compounds, the neutral loss 
scan with Ql and 43 separated by 17 a m.u factlitates detection of these compounds 
and 1s transparent to most other matrix components. Fragment ions produced by loss 
of neutrals havmg masses other than 17 am u. fail to pass through Q3 and are never 
detected. Spectra recorded in the neutral loss scan mode yield both the molecular 
weight and relative abundance of aii members of a particular class of compounds m 
the matrix 

Recently this approach has been used for the analysts of heterocyclic organo- 
sulfur compounds in hydrocarbon matrices8 and-carboxylic actds in urine9. Here, 
neutral loss scans are employed for the analysis of chlorocarbons, polycyclic aromatic 
hydrocarbons, amines and phenols. 

Anal_ysrs ofphthalates, polJcyclic aromutlc iz)Tdrocarhons, chlorocarbons, phenols and 

amines 
Solid matrices (5-10 mg) and residues from lyophihzed aqueous samples are 

placed on or between glass-wool plugs m a 4.5-cm piece of 4 mm O.D. x 2.5 mm I.D. 
glass tubing. Ammes and phenols m the matrix are converted mto ureas and carba- 
mates, respectrvely, by saturating the sample with 10 ~1 of ethyl acetate-methyl rso- 
cyanate (4:l) containing 100 ppm of trtethylamine. After 5 mm at room temperature, 
excess reagents are removed by purging the sample with a stream of nitrogen for lo- 
15 set at a flow-rate of 20 ml/mm Polycyclic aromatic hydrocarbons are then con- 
verted mto nitroaromatic compounds by exposing the sample matrix to gaseous 
dimtrogen tetroxide for 3-5 set”. A stream of nitrogen 1s employed to remove excess 
reagent and the sample IS then placed on the end of a modified solids probe and 
inserted mto the removable ion source volume on the Finmgan triple stage quad- 
rupole mass spectrometer A mixture of methane and nitrous oxide sufficrent to 
maintain a pressure of 500 microns in the ion source is employed as both the carrier 
gas and to generate the chemical tonizatlon reactants, CH: and OH-. Gas flows 
through the sample tube into the ion source at all times. Slow thermal volatthzation 
of organics from the matrix is facilitated by heating the sample from 25 to 360°C over 
a period of 5-9 mm. During this period the instrument, under computer control, is 
cycled repetitively through a series of SIX 0.5-set experiments, one parent ion scan at 
m/z 149 for phthalates and five neutral loss scans for the other four classes of com- 
pounds studied. At the end of the heating period all data acquired from each type of 
scan is summed together and printed out m conventional bar graph format. The 
result IS a plot of molecular weight vs. relative abundance for all mixture components 
contammg the particular functionai group being detected. Total time for sample 
derivatization, data acqutsition, and data processing in the above procedure is typi- 
cally 25 min. 
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RESULTS AND DISCUSSJON 

Success of the functtonal group analysrs approach depends on the assumptron 
that rons characteristic of the molecular weight of all members of a partrcular class of 
orgamc compounds will suffer colhsion-actrvated dissociation with hrgh efficiency 
and either lose a highly characterrstrc neutral or form a highly characterrstic charged 
fragment Unfortunately this is not the case for several types of orgamc compound 
under the low-energy conditions employed m the colhsron cell of the triple quad- 
rupole instrument (lo-20 eV). Those compounds that fail to meet the above criteria 
must be derivatized m order to promote the desired behavior in the collision-activated 
dissociation process. Ideally the derivatizatron reaction should (a) employ volatile 
reagents that can be removed easily from the matrix, (b) proceed m high yield under 
mild conditions. and (c) introduce a functional group that is sufficiently basic or acidic 
to locahze proton addition or abstractron at the site of the newly Introduced sub- 
stituent 

Phthalate\ 

Collision-activated dissociation of (M + H)’ tons from all phthalates except 
dlmethylphthalate affords the protonated anhydride, m/z 149; m htgh yreld. Since this 
fragment IS highly characteristic of phthalate esters, members of this class of com- 
pounds can be monitored m mixtures usmg parent ran scans on the trrple quadrupole 
Instrument. Results from the analysis of an uncharacterrzed sample of mdustrtal 
sludge are shown m Frg. 2. Srgnals at rn:: 223.279-313, and 391 correspond to (M + 
H)+ Ions of dtethyl-, drbutyl-, butylbenzyl-. and erther di-2-ethylhexyl- or di-n-oc- 
tylphthalate, respectively. Fragment ions m the mam beam chemical ionizatron (CH,) 
spectrum of these four phthalates at mi; 167. 177, and 205 are also observed u-r the 
parent Ion scan because they too undergo further dissoctation In the colliston cham- 
ber to produce MI’Z 149 The srgnal at J?Z z 149 represents that fraction of the proton- 

ated anhydride specm generated m the ion source that passes through the collision 

chamber Intact. An unknown. perhaps the phthalate ester of propylenegIyco1, ap- 

Fig. 2. Results of a nz z 149 parent ion scan for detection of phthalates ~fi an uncharactenzed sample of 
lndustnal sludge 
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pears In the spectrum a~ /WI i %;j Comparison of spectra recorded on spiked and 

unsplked samples Indicated that the phthaiates in thus particular sludge matrix are 

present at the I-5-ppm level 

Phenol7 

Colhsion-activated dissoclarion of either M- or (M + H)+ Ions from phenols 
1s highly lnefficlent under the low-energy conditions employed in the triple quad- 
rupole Instrument Hccordingiy, members of rhls class of compounds are derlvatlzed 
prior to analysis. Treatment of the iyophihzed sludge with methyl lsocyanate converts 
phenols Into carbamates. This derlvarike IS highly basic and readily forms (M t HI’ 
Ions that In turn suffer facile dlssociatlon with loss of methyl isocyanate (57 a.m.u ) in 

the colhslon cell Analysis of phenols m mixtures IS accomphshed, therefore, using 57 
a.m u. neutral loss scans on the carbamate denkatives Results obtained on sludge 
spiked at the 1 -ppm level with seven phenols from the EPA prlorlty pollutant hst are 

shown m Fig. 3 The signals observed correspond to (M + H)+ ions of the parent 

phenols since these are the ions Transmitted through the second mass analyzer. Ions at 
IYI : 95. 123. 129. 143, 163. 197, and 265 are assigned to phenol, dlmethylpheno]. 

chlorophenol, chloromethylphenol. dlchlorophenol. trlchlorophenol and pentachlo- 

rophenol. respectively Phenols of unknown structure are also detected at ?J~!z 134. 
140, 157. 171, and 205 

I00 It30 m/z 260 

Fig 3 Results of a 57 a m u neutral 10s scan for detectjon of phenols in an uncharacterzed sample of 
mdustrlal sludge Lplked wth w,en phenols from the U S EPA prIorIt> pollutant list 

Like the situation with phenols, M’ and (M + H)’ ions from polynuclear 
aromatic hydrocarbons also dlssoclate with low eficlency durmg collision experi- 
ments conducted &ith ion energies m the range lo-20 eV. Derlvatlzatlon of this class 
of compounds for analysis on the triple Guadrapole IS accomphshed by exposing the 
sample matrix to gaseous h20, for 3-5 sec. Under these condltlons mono- and,‘or 
dmltro denvati\es are formed m good yield from allrpolynuclear aromatic hydro- 
carbons on the EPA priority pollutant list Carbamate derivatives of phenols on the 
same list are not mtrated in the above procedure. 

Nltroaromatlc compounds make excellent den\atlves for analysis by the 
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tan&m mass spectrometry approach smce the mtro group IS highly basic and easily 
protonated when methane IS used as the chemical ionization reagent gas. The result- 
mg (M + H)+ ions dissociate readily m the collisron cell wrth loss of one or more of 
the neutrals, OH, NO, NO, and HNO, (Fig. 4). Loss of OH (17 a.m.u.), NO (30 
a.m u.). NO, (46 a.m.u.) and HNO, (47 a.m.u.) IS highly charactertsttc of the nitro 
functtonal group and one or more of these pathways 1s observed for all of the poly- 
nuclear aromatic hydrocarbons on the prlortty pollutant list. Analysis of thts class of 
compounds can be carried out, therefore, using neutral loss scans for one of the above 
losses. If it IS necessary to dtstmgursh between nitro polynuclear aromatrc hydro- 
carbons already in the envnonmental matrix from those produced in the denvatlza- 
non step, a second sample of the untreated matrix must be examined directly. 
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Fig 4. (Top) Mam beam posmve-Ion chemical lomzatron methane mass spectrum of mtropyrene 
(Bottom) CoIlwon-activated dlssoclatlon (CAD) mass spectrum of the (M + H)’ Ion from nrtropyrene 

Results of 17 a.m.u. neutral loss scans on a sample of lyophilized mdustrtal 
sludge spiked with a standard mixture of rune polynuclear aromatrc hydrocarbons are 
presented m Fig. 5. Most of the ions in the spectrum occur at ITT/Z values 16 a m.u. (M 
+ H - OH)+ below the molecular weight of the mtro denvative and therefore 29 
a.m.u. above the molecular wetght of the parent aromattc hydrocarbon. Stgnals at 
even m/z values contain an even number of nitrogen atoms and are formed by loss of 
OH from enher (M + H)+ ions or CM -I- H - NO)+ fragment ions in the main beam 
chemical tonizatton spectrum of the correspondmg dinitro derivatives. Dinitratton is 
observed for most polynuclear aromatic hydrocarbons and IS particularly facile for 

ff uorene, pyrene, fhtoranthene and benzopyrene. 
All components of the standard mixture are readtly tdentlfied in Fig. 5. Signals 

at mjz 157, 181, 183, 195, 207, 231. 257 and 281 correspond to (M + H - OH)+ 
fragments from monomtro dertvatives of naphthalene, acenaphthalene. ace- 
naphthene, fluorene, anthracene-phenanthrene, pyrene-fluoranthene, chrysene and 
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Fig 6 Pathways observed for fragmentation of (M -c H)- and (M - H) 1011s from N-methylurea 
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Fig 7 Results of a 57 a m u neutral lost scans III both the posltlve (top) and negatlre (bottom) mode on a 
standard mixture of N-methylurea derwatwes of ammes 
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amined to date dissociate completely with loss of CH,NCO (57 a.m.u.) in the ion 
source rather than m the collision cell and therefore, do not interfere with the above 
analysis for amines using negative ions. Signals due to both phenols and amines 
appear on the positive-ion 57 a.m u. neutral loss scan, but only the amine affords 
signals on the negative-ion trace at a position 2 a.m.u. lower than the corresponding 
signal on the positive-ion trace. 

Chlorocarbons 
The EPA priority pollutant list contams ca. 40 chlorocarbon compounds 

and/or preparations. We find that these can be analyzed under positive-ion chemical 

TABLE I 

CHLORINE-CONTAINING COMPOUNDS ANALYZED BY NEUTRAL LOSS SCANS OF 35 

a m u. AND 36 a m.u , RESPECTIVELY 

Compound 

Hexachlorobenzene 
Hexachlorobutadiene 

Hexachloroethane 

Heptachlor 
Chloronaphthalene 
3,3’-Dlchlorobenzldme 

1,2,4-Tnchlorobenzene 
Arochlor 1242, 1254 
2-Chlorophenol 
4-Chloro-3-methylphenol 
2,4-Dlchlorophenol 
2,4,6-Tnchlorophenol 
Pentachlorophenol 
DDT 
DDE 
DDD 
Chlorobenzene 
1,2-Dlchlorobenzene 

1,3-Dlchlorobenzene 

l.CDlchlorobenzene 
tram- I ,2-Dlchloroethylene 
1, I-D~hloroethylene 

Tnchloroethylene 
Tetrachloroethylene 
l,l-Dlchloroethane 
1,2-Dlchloroethane 
I, 1,2-Tnchloroethane 
I, l,l-Tnchloroethane 
1,1,2,2-Tetrachloroethane 
1,2-Dlchloropropane 
Chlordane 
Aldrin 
Endrin 

Dletdrm 

Heptachlorepoxlde 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

NO 
NO 
h0 
NO 
No 
No 

No 
h0 
NO 
No 
No 
NO 
No 
NO 
Yes 
Yes 
Yes 
Yes 
Yes 

YO 

No 
NO 

Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
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Cl 36amu NEUTRAL LOSS 

35 amU NEUTRAL LOSS 
243 

160 200 240 
m/z 

DDT 262 

206 

260 

Fig. 8 Results of 36 am u. and 35 a m u neutral loss scans on standard mixtures of chlorocarbons 

contammg heptachlor, aldnn. and DDT m one case and DDT. hexachlorobenzene, and hexachloroethane 
m the other 

lomzatlon condltlons usmg neutral loss scans that monitor for the loss of either Cl (35 
a.m.u.) or HCI (36 a.m.u.) (Table I). Results obtamed using 35 and 36 a.m.u. neutral 
loss scans to analyze a standard mixture of halogenated compounds are presented in 
Fig. 8 In the 36 a.m.u. neutral loss spectrum. Ions due to aldrm appear at m/z 291, 
255, and 219. Loss of HCI during collwon-actwated dlssoclation of the (M + H - 
HCI)+, (M + H - 2HCl)+, and (M + H - 3HCl)+ ions m themain beam spectrum 
account for the observed pattern of signals. 

The main beam chemical iomzation spectrum of heptachlor IS considerably less 

CAD -HCl or Cl CAD ) -UC. ‘-r C! C4G ~HCl 

I t 

m/r = 261 71/z z 205 rr ‘z = ‘99 
282 206 

Fig 9 Pathways for productson of Ions m the 35 a m u and 36 a m u neutral loss scans on Ions m the main 
beam spectrum of DDT 
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complicated and accordmgly only one group of peaks appears m the 36 a.m.u. neutral 
loss scan. (M + H - HCl)+ dissociates to (M + H - 2HCl)+. The three ions 
observed m the DDT spectrum result from loss of HCl from the (M + H - HCl)+, 
(M + H - C,H,Cl)+ and (M + H - CHCl,)’ ions in the mam beam spectrum. 

DDT IS one of the compounds m Table I that can be monitored by either 35 or 
36 a.m.u neutral loss scans (Fig 9). The two signals at rpl/z 2X2 and 206 m Fig. 8 
result from loss of Cl from the (M + H - HCl)+ and (M + H - C,H,Cl)+ ions and 
therefore appear at a position I a.m.u. higher than the DDT signals in the top half of 
Fig. 8. Ions characterlstic of hexachlorobenzene and hexachloroethane in Fig. 8 are 
found at mi’z 248 and 264 and are generared by loss of Cl from the (M + H)+ and (M 
+ H - HCl)+ ions, respectively, m the main beam spectrum of the sample mixture. 

Curbo.q+c acids 
Negative-ion collision-activated dlssociatlon mass spectra have been recorded 

for more than 90 carboxyhc acids. Abundant fragments correspondmg to loss of CO, 
(44 a.m.u.) from the (M - H)- ion are observed for most of these acids. Hydroxy 
acids and dlcarboxyl acids lose both CO, and H,O to form (M - H - 62)- ions. The 
utility of 44 and 62 a m.u neutral loss scans for monitoring carboxylic acids m urme 
has already been demonstrated 9 Experiments to evaluate the procedure on envlron- 
mental matrices are in progress. 

Aldehydes and ketones 
One approach to the analysis of aldehydes and ketones by triple quadrupole 

mass spectrometry 1s outlined below. Treatment of aldehydes and ketones with ben- 
zyloxylamine affords derlvatlves whose (M + H)’ Ions readily dlssoclate to the 
benzyl cation (m/z 91) under collision-activated dissoclatlon conditions. Formation 
of m/z 91 IS highly characteristic of the benzyloxylamine denvatives but is also 
observed m the mass spectra of many other molecules contammg the benzyl moiety. 
An increase m the specificity of the above reactlon pathway can be achieved by using 
either [*H,]benzyloxylamme or pentafluorobenzyloxylamme m the derlvatlzation 
step. This would shift the mass of the benzyl catlon from m/z 91 to m/z 96 and m,/Z 
181, respectively, and remove any ambiguity about the origin of the characterlstlc 
fragment Use of nz’~ 96 or m;‘z 18 1 parent ion scans on benzyloxylamme derivatives 
should faclhtate the analysis of aldehydes and ketones m a variety of envu-onmental 
matrices. 

RCHO + C,H,CH,ONH, + RCH=NOCH,C,H, 

CH; CAD 
RCH = NOCH,C,H, __ RCH = N+OCH,C‘,H, + RCH=NOH + 

I 
il C,H,CH; 

mfz 91 
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