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Qo ABSTRACT ‘
The rajor problcms of determining polychlorinated biphenyl (PCB)
r931dues 1n onv:ronmcrtal samples are highlighted. A microcolumn
' adsorptlon chromatovraphy method for the 'clean-up' and 1solat10n of PCB
residucs from organo-chliorine pesticides using 3 g of 5% deact}ygted‘
alumina and 2 g of 5% deuctivated gilica with n—hexane and 29%- tetrahydra—
furan as solvents is described. , LD
| The application of ﬁemperature _programme high resolution. glass capil-
lary colurn using hydrogen carrier gas 1o the routine ana1y31s of PCB
reglducﬂ is chown to greatly improve the resolutlon of PCBs compared to
that of conVCﬁt*onal nackedcolunnsnuihout 1ncrea51ng the analysis time.
The quantltatlon of PCB residues by summatlon of de31gnated peak
heights is shown to be a rethod appllcable to routlne automated analysis.‘

INTRODUCTION | e e e
.The determination of polychlorinated biphenyl (PCB),res;dues in
environmcntal samples uﬂlng electron ‘capture gas-liquid chromatography
' presentu the analyst with two maJor problems which need to be crltlcally
assessed if accurate mecasurement of the PCB residues is to be achieved.
The fir ot is the isolation of the PCB residues from unwanted co-extracted
material (malnly 1i pld and organo-chlorlne pesticides) which may interfere
with the analysis. The second problem is one of quantification. Because.
the PCB residuss undergo degradation in the environment the relative
amounts of differ nu chlorophenyl compounds are altered compared with
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the orlglnal PCB, and PCB proflle w111 vary from sample to sample.: It 1s~
therefore not poss1ble to callbrate “the PCB extract against an identical
standard. This paper describes the methods used by this Laboratory to
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overcome these two problems. T I
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Clean-up and Separation

The isolation of PCB residues from co—extracted materials is achieved
by adsorption chromatography, using a method derived from that published
by Holden and Marsden (1969) followed by glass caplllary gas chromatography
(GC) . v R . 5 . o

Lt

- Apparatus and Reagents for Adsorption- ChrOmatog;zqﬂnr N N i:o“sw,;.

Borosilicate glass chromatography colurms 150 x 6 mm ID with a solvent
reservoir at the top and a 2 mm bore tip.
Cotton wool (Hexane washed) plug.
Slllca—Merck No. 7764 (70~-325 mesh ASTH) < supplied by BDH, Poole, Dorset.
Alumlna-Merck No. 1077 (70-230 mesh ASTM) - supplied by BDH, Poole, Dorset.
N-héxane < Z glass distilled grade - supplled by Rathburn Chemlcals, T
walxerburn, ‘Scotland. Y ¢ : ‘ b
Acetone = glass dlstllled grade - supplled by Rathburn Chemloals,
walkerburn, Scotland. '
Tetrahydrofuran Analar grade - supplied by BDH.
Preparatlon T - R R
“The ‘alumina is sieved prlor to actlvatlon, the 64-125 pm portion
being retalned. The silica is actlvated by flrlno for 'two hours at 600 C
and the alumina- by flring for four hours at 800°C. Bothare cooled in a
vacuum’ dessitator to room temperature and partially deactlvated w1th 5
distilled water (hexane washed). Once deactivated the alumina and silica
are stored in stoppered glass jars in a dessicator cupboard and &iscarded
or reactivated after gseven days. R e
A1l glaSSware is soaked overnlght in a bath of 5% nitric acid,’ then

rinsed in distilled water, solvent washed wlth acetone followed by n-hexane,

and then air dried.

- The alumlnacolumnsaze prepared by pourlng 3 g of the 50% deactlvated
alumina “ints a ootton ‘wool plugged column and gently tapplng the 91des. S
The s11ica columns are prepared in’ a’ simllar fashlon except that only 2" g

of silica 1s used.
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410 nl aliquot of the brzandchlorine residue extract is evaporated
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to 1 ml under a:stream of air. The extract is then applied to the top of
the alumina column and followed by the addition of 20 ml of n-hexane;- The
first 16 ml of the eluant from the column is collected in a graduated-cen-
trifuge tube and its volume reduced to-1 ml by evaporation. The 1-'ml of. -

..sample exiract is-then applied to the.silica -column followed by the addi- -

tion of 20 ml of 2% V/V.tetrahydrofuran in n-hexane.
Three fractions are'collected from the silica columns. The first -

fraction (4.5-5.5 ml) contains HCB, Aldrin, pp!DDE and the PCBs;. the
‘" second - fraction (8.5-9.5 ml) contains oHCH, YHCH, heptachlor epoxide, . -

dieldrin, pp DDD and pp DDT; the third ﬁrqctlon is normally. free of :
organochlorine residues. A11 fractions are then concentrated to 2 ml and
analysed. e . : : . . ST e
‘The precise volumes of the individual fractions collected from the .
silica column are:first determined by subjecting a. prepared standard con-.
taining Arochlor 1254, oHCH and ppDDT to silica column separation, .-
followed by analysis of the eluant at various stages of elution as shown

in.Table.1. - = : L . st e

Table 1 ;= . . ) .

I II . II1
Fraction 1.~ 4.5.ml 5ml 5.5 ml
Fraction 2 ©9.5m:.. 9ml- 8.5 ml

Fraction 3 = 2ml. - .2ml - 2ml

Gas quuld Chromatography - )
Durlng the s111oa column separatlon the PCB“ are ueparated from most

of the organochlorlne compounds except HCB, Aldrln and pp DDE. HCB elutes
very early durlng gas chromatography and does not 1nterfere wlth the PCB
Aldrln is very rarely found 1n env1ronmental sampleu since 1t rapldly
undergoes epoxldlsatlon to form dleldrln.. DDE 1nterferes W1th the analysrs
and measurement of PCBs u°1nb therconventlonal (2 m) packed columns
(Thompson et al., 1971) because it cannot be resolved from one of the
major oomponents of Arochlor 1254, whloh is used as a standard by most
laboretorles carrylng out routlne PCB analyues. However, DDE can be 3
separated from Arochlor 1254 by further column chromatography (Armar ,

and Borte, 1972) or by ox;dlsatlon to the more polar dlchlorobenzophenone |
(Trotter, 1975) prior to column chromatography Unfortunately, _these

addltlonal steps 31gn1f1cantly 1norease‘the time taken to is olate the
PCB fractlon and may cause addltlonal probleme due to contamlnatlon of

Y,

the sample or losses from 1ncomplete recovery.
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1+ It has been:found that: separation.of DDE from PCB residues can be
achieved using high.resolution glass capillary:columns :with. temperature
programming and hydrogen as the carrier:gas. The run-time is:similar to:ii
that resulting from analysis on a.conventional:(2:m) packed -column) but!the
PCB profile is much:improved and hence measurement is more-precise. Examples
of chromatograms of a typical ‘PCB compound- (Arochlor 1254) analysed by both
conventional packed. columns:and glass capillary columns are shown in Figures
1-3. For a more general appreciation:of.the relative merits. of capillary::
and packed column techniques: reference should be made to Grob-and Grob: (1979)
Conditions of Analysis for Packed.Columns: .- . . . . I SRR CAA Y SR ¢

Ff.AHewlottIhckard5730uecrleogaqchromatographequlppch1thdual11ncar~
ised 3N1 electron capture detectors is used. The columns are 2 m-long'and
7 mn outside diameter of -borosilicate glass. Column A is packed with 1.5%
SP-2250/1.95% SP-2401-and. column-B:with 4% SE-30/6% SP-2401.. The liquid’: .
phases are supported on 100-120.mesh:Supelcoport. . The carrier gas is argon
95%Vmethane 5% atia flow rate of.35—504ml/min.. Detector, -oven and injection
port temperatures are 300, 200-215 and 25000 regpectively. The oven: tem- ..
perature and carrier gas flows are optimised to give an analysis time of: =~
18-20 minutes. e e e v e e s v —————
Condltlons of Analysis for Capillary Columns .i '

- em e e e

' The instrument used is a Carlo Erba Fractovap series 2150 fitted:with’
a micro volume 63N1 electron capture detector operated-in the constant -~
current mode with a O. SVus pulse width at a. temperature of 275°C.’ The: .
colum is 20 m long, has an internal diameter of O. 3'mm end.le'coated w1th
SE-54. The carricr gas is hydrogen at an inlet pressure cf 0 3 kg/bm < |
'Argon 959/methane 5% at an 1n1et preesure of 1. 25 mg/bm 1° required as a
make-up gas for the detector. -

“The 1n3ect10n port temperature is held at 250 ¢ and used in the split-
less mode. "The oven is temperature programmed as follow : amblent tempera—
ture for 30 8 balllstlc heatlng to 185°C, then to 235 c at 6°c/h1n. These
conditions res ult 1n an ana1y31s tlme of 18—20 mln. T '

N i nolonasn saoo EAS

Quantlflcatlon -

PCBs are’ complex mlxtures of up to 209 posulble 1nd1v1dua1 components‘
(Pomerant" et al., 1978) and there are a large tumber of technlques
avallable ‘ford thelr estlmatlon. Chau and” Sampson (1975) eurveyed the most
popular method., avalla‘ble for packed columm a.naly.,l..» and sought to prov1de
a uniform’ approach to quantlflcatlon. However, the performance characteris-
tics of caplllar& columnﬂ (faut eluting peaks with small areas) make the )
resultant’ chromatograms unsultable for conventlonal methods of 1ntegratlonk
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such as peak area.measurement .oxr  iriangulation:and,can,-if..the:response. i
of the"output device (chart.rgqorder,Eprinterjplotter){is slow,. result in
peaks being missed entirely. .
The.use of a desk top computer to handle:the output from the (GC)
column.has,hglpegnponsiderablynto\ovepcome,thqse difficulties.. After _
investigéting a number of possible methods of estimation such.as;designated
peak area summation, individuai peak- area measurement'andvslice width‘ L

“measurements, the method eventually adopted was based on the. summation of

the heights of designated peaks. Although these methods are not novel

Hand .can, .be.carried. out rusing suitable 1ntegrators or.even:manually,. the

combination of (GC) .and ;the use of a deck topﬁcomputer,has allowed :the
analysis of PCB residues to be automated to a.much: greater-extent: than

was possible using conventional packed column ghromdtography.

DISCUSSION
"The use of (GC) for the determination of PCB residues has implications

“for the- analysis of organochlorine residues as'a ‘whole. ~The present methods

of "prEparation and analysis using’ corventional ‘packéd collims are relatively
labour intensive and time -consuming, ‘réquiring several GLC’runs before the
various residues can be determined. Using a suitable (GC)2 technique it

is possible to reduce considerably the number of GILC runs because of the
greatly improved resolution of capillary columms. If the (GC) instrumenta-
tion can be coupled to an automatic injection system and a data system it

ie possible to process samples outside normal working hours under the con~-
trol of the data system. Besides the savings in labour costs and improve-
ments in precision, this arrangement also optimises the use of the instru-
ment by releasing it during working hours for non-routine applications or

maintenance.
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‘Tigure 1 Column A, 2 ng/10 ul Aroclor 1254 (for conditions sce text).
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Figure 2  Column B, 2 ng/10 ul Aroclor 1254 (for conditions see text).
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Figure 3  Capillary column, 2 ng/ 1 ul Aroclor 1254 (for conditions see text).



