
GAS CMRQMATGGRAPHY-MASS SPECTROMEIRY METHOD FOR IDEN- 
TIFYING AND DETERMINING PQLYCIILORINATED BIPHENYLS 

WMMARY 

The objective of this work was to develop a procedure for the detection and 
quantitative determination of any of the 209 possible polychlorinated biphenyls 
(PCBs) in a variety ofcommercial and environmentaI sampks. The procedure described 
involves extraction of the sample with hexane, concentration of the extract by distiha- 
don, and d&e rmination of any PCBs present by computer control&d gas chromato- 
graphy-mass spectrometry. This method has been SuCccssfiully used for qualitative 
and quantitative determination of PCBs and PCB mixtures in solid, gaseous, and aque- 
ous samples. It has aiso been used for screening samples to determine that no de- 
tectable PCBs are present. The method is relativeiy free of interferences and capable 
of detecting 0.01-0_2 p&nl amounts of any PCB in sample extracts_ The precision of 
the method is similar to that of gas chromatography methods for PCBs. 

INTRODUCTION 

Health and environmental concerns reiated to polychlorinated biphenyls 
(PCBs) have resulted in an increasing number of government regulations controlling 
their manufacture, use, and disposal. There has developed a corresponding need for 
laboratories to determine PcBs in environmental samples (air, water, soil), raw 
materials, manufactured products, and waste. Historically, only commercial mixtures 
of PCBs, such as the Arochlots, were of concern. PCBs and Arochtor PCB mixtures 
were considered the same. Analytical methods capable of identifying and determining 
the known commerciai PCB mixtures were considered sufficient. However, it was 
found that some of the isomers in these mixtures are more biodegradable than others 
and others are more easily destroyed by incinerationl. In addition, the recent trend in 
governmen: regulations is to include any PCB or PCB mixture, as well as the Arocblor 
PCB mixtures. Now in many cases, the objective of a PCB amlysis is to determine Al 
of the 209 possible PCBs in a sample or to ensure their absence at significant concen- 
trations. Accordingly, an analytical method was needed that is capable of determining 
significant concentrations of ail possibte PCBs and mixtures of PCBs. 

E!ectron capture gas chromatography has been the recommended method for 
identifying and detemining Amchlor PCB E1zi~t~e.s’~. This technique can be used to 
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-identify and determine PCBs and PCB mixtures of known composition; for example; 
Arochlor PCB mixtures, as well as individual PCB compounds, provided that inter- 
fering Compounds are absent. Lengthy sample cleanup procedures are used to mini- 
mize positive interferences. In addition to the problem ofinterferences, the electron 
capture gas chromatography method is of little use in analyzing samples of unknown 
PCB composition; for example, when a single unknown PCB is present. 

Perchlorination of PCBs to decachlorobiphenyl has been suggested as a method 
of determinin g all possible PCB isomers in a sample1*5. The sample, or the cleaned-up 
sample, is perchlorinated and total PCBs determined as decachlorobiphenyl by gas 
chromatography. This technique is subject to serious positive interferences. Biphenyl, 
and other compounds, perchlorinate to yield decachlorobiphenyl or other compounds 
that can elute at the same retention time as decacblorobiphenyl. Biphenyl is commonly 
found in samples for PCB analysis. Biphenyl is used throughout industry as a heat- 
transfer liquid and in other applicaticns, and biphenyl is a normal product of hydro- 
carbon combustion. The small amounts of biphenyl that are found in many types of 
PCB sample render the perchlorination method unreliable. 

The method described in this paper is capable of qualitatively and quantitatively 
determining any of the 209 possible PCBs or PCB mixtures. This method is particular- 
ly valuable for screening a sample to ensure the absence of detectable concentrations 
of all possible PCBs. The method involves the simultaneo-us acquisition of gas chro- 

matography-mass spectrometry (GC-MS) data for the molecular ions of each PCB 
group. A PCB group is defined as all the PCBs that have the same molecular weight. 
Mass chromatograms are successively displayed by the data system for the molecular 
ions of each PCB group in the appropriate retention time window for the group. The 
intensity ratios of the molecular ions in the appropriate retention time windows are 
used to determine the presence of PCBs in each PCB group. Areas of PCB peaks in the 
mass cbromatograms are used to determine concentrations. Use of an internal standard 
improves precision. The method is capable of detecting individual PCBs at concentra- 
tions of from 10 to 200 yg/l, depending on the molecular weight of the PCB. 

Smple preparation 

Normally the &rst step in an analysis will be the isolation of PCBs from the 
sample by solvent extraction using hexane. Solids are extracted in a Soxhlet extractor 
for 24 h. Gaseous samples are passed through a 6 x 2 cm I.D. column of Florisil 
absorbents_ The PCBs trapped by the absorbent are then extracted in a Soxhlet 
extractor. Aqueous samples are extracted in a separatory funnel with three 75-ml 
portions of hexane. Aqueous samples that tend to emulsify are extracted in a bottle 
instead of a separatory funnel. The water sample, hexane, and a magnetic stirring bar 
are added to the bottle. The contents are gently stirred so as to maintain separation of 
the hexane-water layers. From 30 to 60 min is long enough to achieve equilibration of 
a l-l water sample with 75 ml of hexane. _ 

Hexane extracts are concentrated by distillation. A pear-shaped flask is used for 
the pot and a micro-jacketed Vigreux column is used for the reflux column. The flask 
is heated by a water bath consisting of a l-l beaker and a l-l beaker heating mantle. 
The heating rate is controlled by adjusting the immersion of the pear-shaped flask 
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in &e water bath. Mounting the water bath on a jack stand enables the immersion 
level to be conveniently controJ.led_ Hexzzne e&Et&S of Up to 200 rd Can be concen- 
trated to a volume or’ 1 ml with this apparatus. The concentrated extracts are spiked 
with 2,4,~tribromobiphenyl internal standard. An internal standard concentration of 
1 m-&l is recommended. 

Cleamcp 
Samples can be column chromatographed to remove polar interfering com- 

pounds. We prefer the procedure of Mihs7 becanse it does not use diethyl ether as a 

solvent, 

Standards are prepared in heptane from pure PCB compounds or PCB mix- 
tures. Standards arc spiked with internal standard at the same concentration as 
SampkS. 

Data acquisition 
A Finn&an 44X0 GC-MS or similar computer-controlled GC-MS is used to 

acquire the GC-MS dam. The objectives of data acquisition are to acquire the GC- 

MS data that can be used to determine if any PCBs are in the sampIe and then to 
determine the concentration of any PCBs detected. The mass spectrometer is set up 
and tuned according to the manufacturer’s instructions. Special attention must be 
devoted to resolution to ensure that the resolution is adequate up to mass 500. To 
optimize the sensitivity for high and low molecular weight PCBs, each sample is 
analyzed twice: once for monochloro- to hexachlorobiphenyl groups and once for 
the hexachloro- to decachlorobiphenyl groups. The GC-MS conditions for these 
vlalyses are given in Tables I and II. 

TABLE I 

GC-MS COXDlTIONS FOR Cl,-Q PCB GROL’PS 

cokmxl: 6ft_ x 2 mm I. D. w 3% OV-101 on SC-la0 mesh Chromosorb W-HE’ 
Prog-2mxx: 2 min at 130°C program 13%25O’C at S’C/min, 10 min at 25O’C 
Injestor tcmpcraturc: EO’C 
Separator temperature: 270°C 
carriergas: He at 20 ml/min 
Sampksizt: 4Pl 
Ekctmncncrgy: 70 eV 
Emission current: 0.40 RIA 

MULTJPLE ION DEfECTION PROGRAMME 

PCBgroup A4ass range scamed 1o.m for idmtificstion ions for quantitation 

z; 22%226 l&5--190 222,224.226 185,190 222 188 (NO)’ (224) 
a 254-260 256,258.260 2.58 

z* 
zss-I?94 29Q,29zz94 32 (IL%) 
322-32s 324,326,328 326 (328) 

a 356-x% 358,360,362 360 (364) 
TBB (ht. std-) 387-394 388,390,392 390 

- Ion for quantitation to minimize M + - HQ intfxkei.lce (see tc?#. 
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TABLE Is 

Gc-MS CONDITIONS FOR C&Cl,,, FCB GROUPS 

COIUlXlll: 6 ft. x 2 mm I.D. glass, 3% OV-101 on SO-100 mesh kiiromosorb W-HP 
Programme: 2 mill at 210°C; program 210-260°C at S°C/m& 10 miLl at 260°C.~ 
Injector temperature: 250°C 
Separator temperature: 270°C 
CarriergaS: He at 20 ml/min 
SampIe size: l-spl 
Electron energy: 70 eV 
Emission cun-ent: 0.40 mA 

MULTIPLE ION DETECTION PROGRAMME 

PCB group ~Uawrangescamed Ions for idenh~ration Ions for quantitation 

a6 356-364 358,360,362 360 (364)’ 
cl, 386-400 (Cl, + TBB) 394,396,398 394 (398) 
ai 426-434 428,430,432 430(432) 
a7 460-468 46~464*466,468 464(4@) 
CL 494-504 496,498,500,502 498 
TBB (int. std.) 388,390,392 392 

* Ion for quantitation to minimize Mf - HCI interference (see text). 

Qualitative analysis 
Retention time windows for each PCB group are established using the reten- 

tion index data of Albro’. A lO-ppm standard of n-alkanes (C,, to C& is used to 
locate the retention times of these compounds using the gas chromatographic con- 
ditions used in the PCB analysis. The PCB retention time windows of the PCB groups 
on an OV-101 column packing are given relative to these hydrocarbons in Table III. 
The calculated retention time windows are checked by analyzing commercial PCB 
mixtures, for example Arochlor 1016, 1232,124s and 1260 PCB mixtures. 

TABLE HI 

PCB RET-ON WINDOWS 

PCB group Re!en!ion index windbws 

l>OelSSS , 
1619-1774 
1732-1959 
1842-2144 
1959-2305 
2076-2466 
2238-2433 
2383-2578 
2545-2555 
2690 

Mass chromatograms of two to four of the strongest mokzcular ions in a PCB 
group are displayed by the data system in the retention time window for each PCB 
group. A typical display is given in Fig. 1 for the tetrachlorobiphenyl group. Each 
peak in the chromatogram is evaluated to determine if it is a PCB peak. Peaks must 
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San Number 

Fii. I. Ion chomatograms for tetracMorobipixnyl.s from an Arachlor PCB mkture. 

meet three criteria to IX labelled PCB peaks for qua&t&ion: (I) the peaks of the 
characteristic ions must mtimi+e at the same retention time; (2) the sak must be in 
the proper retention time window; and (3) the relative peak intensities of the mole- 
cular ions must be within f I5 oA of the theoretical ratio’. This tolerance is arbitrary 
and can be made larger for very low concentrations of PCBs where statistical varia- 
tions in peak intensity become large_ 

Qzamtitativ~ analysis 
Quantitation of PCBs detected in the qualitative analysis can be performed in 

several ways. A detailed description of one method is given beIow using the tetra- 
chlorobiphenyl group as an example. GC-MS data are acquired on the sample, as 
well as two tetrachlorobip~enyl standards that bracket the estimated concentration of 
the tetrachlorobiphenyls in the sample. Data acquisition parameters given in Table I 
are used. Ion chromato,srams for mass 292 are displayed by the data system for the 
sample data. The arr of the tetrachiorobiphenyl peaks are summed, _T%,, for the 
sample. The area of the mass 39U peak in the respective internal standard is measured, 
A l.I..T. The areas of the mass 292 peaks for the high and iow tetrachlorobiphenyl 
standards are measured, &I and A,, as well as their respective internal standard areas, 
A i.s..t ad Amz- A response factor, R, is calculated from the stzmdard areas and their 
concentrations, C, and C2, using eqn. I _ 
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The total concentration of tetrachlorobiphenyls 
using eqn. 2. 

.& = p 
i.s..x 

RESULTS AND DISCUSSION 

G. W. TlNDALL, P. E. WINXNGER 

in the sample. .X&, is calculated 

(2) 

Hexane is preferred for PCB analyses over the commonly-used extraction solvents. 
Hexane will not extract polar compounds, which results in a %leaner” sample for 
analysis. The extraction efficiency of hexane for PCBs is adequate. As a test of extrac- 
tion efficiency, 2 pg of a hexachlorobiphenyl in hexane was mixed with 100 g of fly 
ash that contained ca. 20 % carbon. The ash was dried to deposit the PCB on the ash. 
It was thought that extraction of the small amount of PCB from the large, active 
surface of the fly ash would challenge the ability of hexane as a PCB extractant. The 
PCB was extracted with hexane in a Soxhlet extractor and analyzed as described by 
the procedure in the Experimental section. Recoveries of more than 90% were found 
for three experiments. The level of interfering compounds also extracted was low 
relative to the PCB without any sample cleanup. When methyIene chloride was used 
in this experiment, a precipitate of other extracted compounds formed on concentra- 
tion of the methylene chloride and the level of interference obscured the PCB. 

We prefer the apparatus described for concentrating extraction solvent to the 
traditional Kuderna-Danish apparatus. The volume of solvent in the Vigreux column 
is less than 0.5 ml during distillation. Heat loss through the jacketed column is small, 
so distillation proceeds smoothly with only a small heat input to the solvent and little 
analyst attention. Some 200 ml of hexane can be concentrated to 1 ml without changing 
distillation column or pot. The distillation proceeds at high efficiency, for example, 
greater than 90 ok recovery of 1 pg of xylene was found during the distillation of200 ml 
of hexane to a 1 ml final volume. 

There are two types of interference that must be eliminated to achieve a success- 
ful analysis. Percent amounts of any compound in the sample that elutes during the 
analysis may ai%ct the mass spectrometer source and rods. In most cases, the sensitivi- 
ty of the mass spectrometer for PCBs will drop. In some cases recalibration is neces- 
sary and, in extreme cases, the source and rods will have to be cleaned before the 
analysis is continued. Florisil column chromatography’ and extraction of the hexane 
with concentrated sulphuric acid are usually effective for removing this type of inter- 
ference. The other type of interference occurs when a compound with an ion common 
to a PCB molecular ion elutes in a PCB retention time window. Hydrocarbons have 
weak ions common to most of the PCB molecular ions. High concentrations of hydro- 
carbons, fdr example petroleum products or products of combustion, may obscure 
low concentrations of PCBs .The above cleanup methods do not reduce the level of 
these hydrocarbon interferences. 

It is probably possible to eliminate the hydrocarbon interference by using a 
mass spectrometer with greater resolution than that of the Finn&an 4ClOO. Elimination 
of the interference of hydrocarbons was attempted by using the Finn&n 4000 in the 
negative ion chemical ionization mode with methane reagent gaS. The signal for the 
negative parent ions for most PCBs was found to be much weaker than for the positive 
molecular ions. While the interference of hydrotibons on the PCB parent ions is 
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diminished using the negative ion mode, the overall detection limit for PCBs was not 
adequate for our work- Apparently, negative PCB ions readily lose Cl- so that most of 
the negative ion signal consists of Cl-. By monitoring the negative mass 35 or 37, 
extremely small amounts of PCBs could be detected (less than 1 ,ug/l) in the presence 
of hydrocarbons_ Unfortunately, many other chlorinated compounds also gave strong 
mass 35 and 37 negative ions. Because the mass 35 or 37 ion gives no clue to the parent 
molecule, the negative ion approach is not useful for qualitative work and the evalua- 
tion of it was stopped. 

The accuracy-limiting part of the procedure is the selection of standards. in the 
Experimental section, we suzggest using a standard for each PCB group. The undcr- 
lying assumption is that all PCBs of the same mokcufar weight have the same re- 
sponse factor. In fact, GC-MS response factors within a PCB group may vary as 
much as a factor oftwol”. Frequently it is not known which isomer is being quantitated, 
and, even if it is known, standards are available in reasonable amounts and cost for 
only a few PCBs. Another approach is to use a commercial PCS mixture of known 
composition as a standard. The response factors of the several isomers in each PCB 
group may average to yield a more accurate response factor for each PCB group. 
Unfortunately, commercial PCB mixtures of known compositions are not generally 
available to most laboratorie2. For our standard, we select one PCB from each PCB 
group, based on cost and availability, and accept the possible bias in the quantitative 
reSUlts. 

The choice of internal standard is critical. To be of value, its chemistry in the 
source must match that of the PCBs. We have evaluated internal standards that have 
resulted in poorer precision than if no internal standard were used. The best internal 
standard for a PCB analysis is a PCB. However, for a general purpose procedure, a 
PCB cannot be used_ We found tribromobiphenyl to be a reasonable substitute. It 
responds to source changes much like 2 PCB and its molecular weight is great enough 
that interferences with its ions are rarely encountered_ 

The mass spectrometer is tuned according to manufacturer’s rccommendations- 
Proper resolution is critical. Ifthe mass peaks are not adequately resolved, then another 
type of interference is encountered. If a compound co-elutes with a PCB that has 
rclativeiy stronger ions one mass more OF kss than a PCB, the data system will have 
difficulty apportioning peak area between the adjacent masses. If the peaks are under- 
resolved, some or all of the weaker PCB mass peaks may be mer_@ with the stronger 
adjacent mass peak. Symptoms of this problem will be evident in displays of the ion 
chromatograms for the PCB ions. Instead of the usual Gaussian cumes for the eluting 
PCB ions, these curves will have discontinuities at certain scan nmmbcrs. The pieces 
of arca missing from the PCB ion chromatogram will appear in the ion chromato,oram 
one mass more OF less than the PCB ion_ This problem is not uncommon in actual 
samples when the PCB concentration is very low. Adjusting the mass spectrometer for 
_ereater resolution will solve the problem. Overresolving mass peaks will result in a 
considerable reduction of sensitivity_ 

FOF quantitation, the strongest molecular ion is used. If there are interferences 
for that ion, scme other ion may be used (see below). If interferences on all ions are 
known to be absent, another technique can be used with a considerable improvement 
in detection limit Data are acquired with less-than-unit mass resolution which 
improves sensitivity- For quantitation, the sum of the ions over the mass range of the 



mdecdar ions are displayed by the data system mstead of each %&idtA eon; The 
resulting peak is -then me&red for qua&t&ion. . 

.__- _~ c -. 
- _ 

F&r the~qualitative and qkrnitative proced~ to be-universa~y &pplicable t6 
any PCB detenninati&, the~GCAMS d&a for each PCB -group-must-be unique. The 
GC-MS data for any PCB group must not be krfhxenced by PCBs in offier PCB 
groups. The mass spectrum of a ~ty@ical PCB shows that the molecular ion kitialiy 
fragments by 10s~ of two ch!orines and to a IesSer extent by loss of Hc1 and CPr_ The 
loss of two chlorine atoms from a molecular ion will produce an ion cluster tit 
has several masses common to the molecular ions of the PCB group with two fewer 
chlorines. As an example, the spectra for hexachlorobiphenyl and tetmchlorobiphenyl 
are shown in Fig. 2. ’ _ 

1w.q - 

Ea.0 I& 103.8 - 

I 5iie.a - 

Tetrachlorobiphenyl 

Hexachiorobiphenyl 

Fi. 2. Comparison of spectra of tetrachlorobipbenyl and hsxacblorobiphenyl. 

The use of gas chromatography retention windows minimizes the interfkence 
of PCB groups differing by two chlorines. The calculated data in Table III show thhat 
there is potential overlap of gas chromatography retention time windows of hexa- 
chlorobiphenyls on tetrachlorobiphenyls, hepmchlorobiphenyls on pentachlorobi- 
phenyls and -oct@rlorobiphenyIs on hexachlorobiphenyls. The calculated retention 
times for all but four of the hexachlorobiphenyls and heptnchiorobiphenyls are un- 
certain, so these isomers may in fact not overlap the tetrnchloro- and pentachloro- 
biphenyl groupsS. The other overlapping hexachloro- and heptachloroisomers have a 
2,4,6-substitution which is not normally found in PCB samples, Hence, there is poten- 
tial interference between hexachloro- and tetrachloro-i and heptachloro- and pen- 
tachloro-groups; but, in practice, this interference probably I would never be -en- 
countered. 
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Of the twzlve possible octachlorobiphenyl isomers, nine ov&p the retention 
time window of hcxachlorobiphenyE. If any of these nine isomers are encountered, 
theirM - Ciz ions that will be detec&d in the hcxachlorobiphenyl window should not 
be counted as a hexach!orobiphenyl. 

There is considerable overlap of retention time windows of adjacent PCB 
groups, Loss of Cl from a ‘3Cco~tainin~ PCB moIecular ion and loss of HCL from 
the molecular ion wiil resuIt in ions that&d interfere with the molecular ions of the 
next lower mo!& weight group_ The relative abundance of 2U.f - Cl ions is rarely 
over 5 “/b’ so the fess of Cl from a 13C-PCB will never generate an ion of over 1% 
relative abmxiance, aud this potential iutcrferencc can bc ignored. The relative abuu- 
~AS.I~E of the M - HCI ion is usuAiy less than 5 “/d’. If &e sample contained a hi& 
concentration of a WB, then the weak M - MCI ions of this PCB could be detected 
in the retention window of the next lower molecular weight PCB group. The fact that 
these ions came fern an A4 - HCl ion would be evident from the coincident reten- 
tion time and the ion masses in the M - HCi chster. Tote Lw - HcI ion dU.S~F would 

contain an ion of mass 2 Iess than tEie M’ ion cluster of the next lower PCB group. 
In a quantitative analysis, the interference of the M - HCI ions cam be made 

fess than 5 % by proper selection of the ions to integrate for quautitation. The ions to 
use for qua&it&on if M - HCI interference is a problem are showu in Tables I and 
II. 

In summary, the abundant M - Cl2 ions of octachlorobiphecyls may appear 
in the h=xachlorobiphenyl retention time window, and M - HCI ions from a high 
amcentration of a PCB may appear as weak ions in the retention time window of the 
next lowx molecular weight PCB group- Neither of these potential interferences is 
IikeIy seriousIy to limit the application of this procedurG to the qualitative and quan- 
titative analysis of PC&. -_ 

The detection limits for one specific PCB from each PCB group were measured 
using standards prepared in heptane. These data are given in Table IV_ These detection 
limits represent the conceutrations of each PCB group that can be routinely detected 
and quantitated with certainty in a sample free of interferences. Because of the way the 
raw GC-MS data are treated by the data system, particularly the setting of thresholds, 
we felt OUT judgemeut of detection limits was more useful thau a value arrived zt by 
statistical analysis. These detection limits are easily achieved on a routine basis if the 

TABLE IV 

RI33 GROUP DEFECTION LIMITS 
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~~@~‘@z-&&i&r sourceis c!eanT -As tie. mass_ &e&ronie& sou& &d analyzer be- 
co&e‘&&,-the detection limit gets’ larger.’ We suggest that thestandards be-analyzed 
~lYto&ssess,th 

e_ ~~~~tjro~~e~~~MS_~ys~~~__~ ’ _-‘: y. . . _-T :-,_‘_:--:: 

‘The precisi& of this analysis w& es&nated &i. Computig the .~&&Eeient of 
h&&ioi~. of--the respo~& -factor. (tindentration of- &andard/arca of PCB p&Q for a. 
0.3 ~~/~.he~~~~rbbiphenyl staindard analyzed every third’ analysis- during a. 12-h 
period of PCB ,analyses~ -The coefficient: of variation was 15 %_~ The extracts analyzed 
during this time period contained up to 100 ~g/ml’concentrations of other unidenti- 
fied oQzj3nic compounds. These extracts are c&+4&d rel&+ely clean. T&e computed 
response factor showed obvious trends during this 12;h period; The use of the internal 
standard greatly Gnproved this measure of precision.- When the response factor was 
computed using the internal standard (concentration. standard .x area ~intcmal 
standard p&k/area of PCB peak), the coefficient of variation of &is response factor 
measunxi over +s 12-h period was 2 ‘A. Obviously; the internal standard .was e&ctive 
in compensating for the drift in mass- spectrometer sensitivity during this 12-h in- 
tenfali = _ 

As a measure of overall method precision, spiked samples were analyzed in 
triplicate several days apart over a several-week period. These ex&acts contained much 
higher concentrations of other co pounds. 

Jr 
The internal standard was used. The con- 

centration of the PCB spike was c : l-10 pgjml. The coefficient of variation calculated 
for the results was 20 %. The principal cause of the poorer precision in this experiment 
is the persistent effect of the other eluting compounds on the sensitivity of the mass 
spectrometer sour&. These effects are not ‘entirely compensated .for by the internal 
standard: This precision is similar to that reported for PCB analyses by gas chromato- 
graphy=. More fieqtient recalibration probably would have improved this precision. 

In summary, the accuracy and the precision of the analyses will depend on 
how often the instrument 'is calibrated and how much other compounds in the sample 
aEect the sensitivity of the source during the course of analyses. At worst, the coeffi- 
cient of variation of the method should be 420 %_ 

The procedure described can be used to detect and quantitatively determine any 
PCB or PCB mixture in a variety of samples. The method is relatively free of in&- 
ferences and is sensitive. me method is capable of precision as good as gas cbromato- 
graphy procedures. 
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