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• ABSTRACT

The ~ajor problc:::13 of determining polychlorinated biphenyl (PCB)

residucs in cm-JroI1I!lcntal sampIes are highlighted. A microcolumn

" adsorption chroID.3.tol!2'aphy method. for the telean-up' and iS,?!~tion of PCB

residuos from orea.'"l.o-chlorine pesticides using 3 g of 5% deactivated
• " -,:.•<.' ......'. ••••• ,

alumina and 2.e of 5% deactivated ailiea wi th n-hexane and 2%·:tetrahydra-

furan as solvonts io describcd.

Tho application of temperature programme high resolution..glasscapil-. '" .... ~~ .

lary eolU!!:..."l usin3 hydrogen carrier gas to the routine analysis.,..of PC~..

rcsiducs is chovm to greatly improve the resolution of PCBscompared to. '. .: -', -..

that of convc:ltional packcd colu::ms wi thout inereasing the analysis time.
• • • • ~ J ".

~1e.quxntitationof FCB residues by summation,of,designated peak. . ..

heights is chmm to be a r:',eth~d applicable to routine automated analysis.

..... .' .' >1.:; :. _

INTRODUCTIOl1

.' ,"'. , ••••~ •. ' f ,.0: .

.The detercdnation of ~o~chlorinatedbiphenyl (pcn) .residues in

environmental sampIco using electron ?apture gas-liquid chromatography
, . .

prescnto the an::l.lyst with t ......o major problems which need to be eritically

assessed if accurate mcasurcmcnt of the PCB residues is to be achieved.

The firot io tho isolation of the FCB residues from unwanted co-extracted

material (m~inly lipidand oreano-chlorine pesticides) which may interfere

with the c.nalysis. The second problem is one of quantifica.tion. :Because.

the FeB reoidu9:J undereo degradation in the environment the relative ,';

amounts of.diffe!:'cnt chlorophcnyl compounds are altered compared with
,'\ . .
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the original FeB,. and FeB profile ..will vary from sampIe to sampIe •" It is,
, , -. ".}. .:1\. ~'.''-'~_ , i:..;:.···~ ;":!. ,-.=..~••:. ',,:, ..• :. _'. • , . ,I', .'.....' . :.,'

therefore not possible to calibrate the PCB extract against an identical

standard. This paper describes the methods used by this Laboratory to . ~
• ; ~.' • : " : ,:- • ':;.; t",:." _",

overcome these twoproblems. ," " ' '. ·T-·

. ".~; :.'..

METHODS

Clean~up and Separation

Tbe isolation of PCB residues from eo-extraeted materials is aehieved

by adsorption ehromatography, using a method derived from that published

by Holden and Marsden (1969) followed by glass capilla.ry gas chromatography
(GC)2. . ,.~.. . .:.' ';.'.::.:-,

.. ~j..:..:.~:., . >.'~:->:~ .~.....;.:.:.':.
Apparatus and Reagents for Adsorption Chromatograph.Y :'.

Borosilicate glass ehromatography columns 150 x 6 mm ID with a solvent

reservoir at the top and a 2 mm bore tip.

Cotton "1001 (Hexane washed) plug. ",

Silie~i:i1~rek iro. 7764 (70-325 meoh .ASTH)·~ supplied 'by' BDH, Poole,' Dorset.

Alumina-~Ie~ÖkNo; 1077 (70-230·jm~:~hAS'E·1)'- supplied by BDlI, Poole, Dorset.

lI-h~~arie .::..; glaosdis'tilied grad'~ l_ supplied by Rathburn Chemieals, ':.. :..:~'.'
WaJ.korburn; I Seotland. '. ,e. . ~,;:'

Ac'~'tön~"::"giass dt"st:llled g±a.de ..;. supplied by' Rathburn Chemieals,

vlalkerburn, Scotland.

T~tfiliyd.'ri>fUräfi:;.;.Anl:l.lar·'gtade - supplied by BDH.
Prepa~~:h~n '..... . .'. .:-:. "

"Thc":hl;'iliiirui" is sieve'd p~ior' to activation, the 64-125 fj.m portion

being 'ret~in~d'~" The silt"ca"'i-s 'aeti;;ated by firini fortwohours at 6000 c
and the alurilin~>by firing' for··.four hours at 8000 0• . Both":are 'eooled in a

vacU'I1:n"dcssiba:'to~ to rOö~·telnp~ra.hire"änd partially de~dtivated with 5%'

distilled water (hexane washed). Onee deactivated the alumina and siliea

are stored in stoppered glass jars in a dessicator eupboard and diacarded
or reactivated after seven days. .~:..~.. :~." .'.." '#-',',

All glas~'wafe isO sOakcd 'ovenrlght' in ~' bath of 5% nitric acid;"then

rinsed indistilled~at~~~-Sblv~htwashed'withae~tone followed bY'ri~heiarte,
and then air dried". ..;~:{ ..f ,.".:::~... ~ :,:", ., ..

.The aluminn. col~s'are' ;J;jrep1i~ed by'pouring :;' g cf the 5% deaetiva.ted'

alUmirui'intö'n, oottOh'wool plUgged eolun;n 'fuld gen'tl; tapping the sid~s~"':

'l'he .sil1:ca-chiunins a.r~' prepared in' a' s~lai- ·:.fashion except th~t .only .2' g' ..
ofsiliea is used.·:·'· . ,', ',-';''' :::':~:.:..':" , .., .,:'.: (;::.' ..

..

•

•

Procedure
!" '. ~..,. :,.' -,: .-.- .." ...'

.A: '10' niialiquot cf the Orß'a,nOChlÖflne' resiaue extraet 'is eVaporated
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to 1 ml under a: s tr~am of· air. . 'lhe extraet is then applied . to the' top of

the al'\1Illi.na eolumn and followed by' the addition of 20 ml' of n-hexane.· The

first -.16 ml of the eluant from the .eolumn is eolleeted in.,a graduated'een­

tri.f;uge ~uqe and i ts volume. redueed toJ' ml by evaporation. The.1·ml of ..

.. ; sample cxtract is ·.thon applied . to. thc, ailiea ·column followed by the addi,:"" .

.tion of 20 ml of 20;6 Vjv..tctrahydrofuran in n-hexane •

..:' ,,_'., 'lhreo, fraetions are!eollceted from the siliea eolumns. 'lhe first '.',

fraetion (4.5-5.5 ml) eontains HCB, Aldrin, pp'DDE and the PCBs;. the

soeondfraetion,(8.5-9.5 ml) eontains ~HCH, YHCH, hoptaehlor epoxide, '

dieldrin, pp DDD and pp DDT; the thi:r:d f~~~~ion· i~ ?orma.~9'. t::z:.~e .o.~ J .... '.' .......
organochlorine rosidues. All fractions are then coneentrated to 2, ml and

ana1ysed. 1'" ",,'

'The proeise vo1umes of the individual fractions eolleeted from the

si1iea column are first determined by subjecting a.prepared standard con-.

taining Aroehlor 1254, aRCH and ppDDT' to ailiea eolumn separ~tion, .

followed by analysis of the eluant at various stages of elution as shoW!.!-

in.Tab1e .1 • . ..:'. . ", .! \.' .

Table 1 :.

Fraction 1,'

Fraction 2

Fraction 3

~.'~ " ~,\,y' ~~. ,.; f .• '

Gas LiqUid Chromatograpp.y ..

'~.:i'ng the siliea eolumn.~e~aration the PCBs are separated from most

e of' the b'~gaDoch1orine ~~~POun~D'~xcep~ HCB, ll.i.d~i~,~~ pp DDE. HCB elut'es

very early during gas ehromatography and does not interfere with the PCBs •
.. ~ :.... ~ . '," :.. ,; , ;. .,: . ~. ,; ':," .:' '-.. \ .. '. . ....
1l.1drin i8 very rarely found in environmental sampIes since i t rapidly
", .... ' . . '," ',c.;;.' ~',.:\ ...:, ...,:: ..~.' ::.;"~' ... ' ',:,

undergoes ,opoxidisation to form. dioldrin. DDE ,interferes wi th the analysis
.'.~ .' . . ' ',' . . ";.'" ··>,~r:.. .... ...:.\' .·.~ ...'.I '. ,';, • • '.. '

and. measuroment of PODs using' the 'conventional (2 m) packed.eolumns
"." ... < < f' 't .. " ' '.'

(Thompson ~ al. , 1971) b~~~~~e'-it e~ot be res'oived from o~~ of the

major components of Arochlor 1254, whieh is used as a standard by' niös't
.:.1' ::~'" f .• ··:·.' ., '. ~,·t. :...... r"..~ :~.. ' i>1 . . ~:;. ",' .. ~ .• :;,' :. ,.' .. ;.

laboratories carrying out routine PCB analyses. However, DDE can be

separated' fr;m Arochlor1254 bYf~th~;"~ol~ ehro~to~phy (Armar .'
• • • ~ , > • • I.• • :' :...... .. • ,," ". ,_ J • ", .:: " .: • '. l • •

and Borte, 1972) or by oxidisation to the more pola_r...dichlorobenzophenone ,

(Trotter, 1975) prior to' column c~~t~~~phy.'uri~~~ate~,·these ','
_.}. ~. ".~~.!.'.' .. '.: . : ..... '. ", .! '. • . .i<;.' .~ ", .• ~-.~. .' '.:.' .

additional steps significantly increase the time taken to iso1ate the .
. . '" ..' '.. ,.,:: ..,..J" A: ...... j.: .,' . .: .. . .

POß fraction and may cause additional problems due to eontamination of .
, .'; . . ~':" ". '." ...... "'),t·<: ': ~':.~:".:":.~.- •. -"',;: ',. . •., ' .=

the sample or losses from incomplete recover,y.
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...
....} It has beem::'foUnd that·: separation,of..DDE from PaB residues can be '

aehievod using high.resolution glass capillary',columns :with. temperature ,.

programming and hydrogen aso the carrier:.gas·. The run "time ·is.; similar tO·.:.i'i

that res'Ulting from'analysio on aconventional:·(2:m)·packed.column~but:tho

FeB profile i8 much:.improved and hence measurement is more·.precise. Examples

of chromatograms of a typical 'PCB compound' (Arochlor '1254) ana~sed by both

conventional packed.columns~nndglass capillary columns areshown in Figures

1-3. For a more general appteciation; of c the relative merits. of capillary ~ ~'.

and packed'column'techniques:reference should be made.to Grob·andGr~b·;(1979).

Condi tions of Analysis for Packed .Columris . ;.: .';:".::. f "j ~;

1'1 'AHewlett Packard 5730f.. ocriüo·gn.achrolJD.toeraph oquippod "'i th·dunl"·Unoar..;;

ised 6~~i electron capture detectors is usod•. The columns are 2 m.long:and

7 mmoutside diameter of·börosilicate·glass. ColumnA io packed with'1.5%

SP-2250/1.95% SP-240t,'and·. CQlumn··B",i th 4% SE-30/6% SP-2401. The liquid':;, .

phases are ·supported on 100-120:·mesh!Supelcoport•. The catrier 'gas isargon

95%/methane 5% atfa flow rate of, 35~50·ml/min•. Detector, 'oven and injection

port temperatures are 300, 200-215 and 250°C respectively. The oven:tem-.~

perature and carrier gas flows are optimised to give an analysis time of:"
18-20 minutes. .. ",,,....... ... - -..... .. _..

Conditions of Analysis for Capillary Columns .:', ..., '

The instrument used 1s a Carlo Erba Fractovap series 2150 fitted:with:'

a miero volume 63Ui electron capture :detect6r operated'in the constant· : ..

current mode with a 0.51Jos pulse width'at a:temperature of 2750 C. 'lbe"','
......- •..~ ,. - - --.._ ,_., - ~ _ ~.-

column is 20 m long, has an internal diameter of 0., mm and io coated with

SE-54. The carrier gas is hYdrogen at an inlet pr~s:stri.-e'~f 6:i';3~'kg/c~3;;. '::"~.',

Argon' 9596/methane 5% at'an 'inlet":pre~sure of' 1.'25··\:ög/cm3 '18 ~~uired:'~s a
make':'up g<l0 fo~:thö d~tector~'..... : .. '. " . ".:", ~ '. '. ", e

'.' -, ". - '.,. .. . ., 0' . . ....
. 'Tbe injection port· temperature io held at 250 C arid used in the split-

••' .. . 1" '. . ~ ~ ",;0 ," • ,~ • ~-, ,-

less mode~ . The oven'rs'temperature programmedas folIows: ambienttempera-
. : ." .' '... ;'f, '. . ..' ° .. '. . . 0' , ~, ;() '. , ' ..

turefor 30 s,"ballistJ.c heating to 185 C, then to 235 C at 6 C/min. These
.,,;-, '. .': ", . , ;' •. j" ' .

conditiono remilt in an 'analysis time of 18-20 mine
g,uantiffcat:foIi:"~ ",' .., l~~·,,~,:,;'~':. ,;" .:' ·V.:' ', .. -,

. . " "',,, ,l" C', '," _"t' '_l , • ':'; _~ ,., I' .... p. , .' ,,' '. • ~." ,".' " • -.

PCBs are'complex mixtufes ofup to 209 possible individual components
. .,... ,'.1' •• ,.. ",1'" 1 ~ .. • ';".... ..,. , . .

(Pomerantz'et' al~; '1978)'and'there are a 'large number of teehDdques
" .,..\. j ,,:,r"~~t':''''- '.•-,: " ':'" , •.,'. • •••• '. , •.".. • '. ."''' .• , .... . • •••,n '" ••

available 'for thcir'estirnn:tion~"Chau and'Sampson (1975)"surveyed the mo's't' .
" ;'. '~'''·t'''''''·f:..~,·,r.",•. ;.·,'r.,,:.~·.-. '·(~'f"\.·' '~"'.,' ;" ".; ...•.•"••• _ ,.' ." : ',;; •.:-- 4 •••• ,·

popular mcthodo"ava,ilablc":for packed column ana,lyoio and sOught to provide
,,,,,"··... d· l- ·~tr.I·~ 'r,"';~f .'... O}":'j '.! •. ' ,,".1"'.' •. ...' '" ...... : •• ,." .. ,''',:

a uniform"approach' tO·quantificatiori•. Howevor, ·the'performance 'charaeteris-
,.,.: '- .. ~.",.~r .,~.: "~'~_"""1 ,.'" •. _,. , •.•,', :: •....1".·, ,.

tics of capillary columns' (:faot eluting peaks with small'areas) m.ike the
.•.. , ....~ t~'f:',' .. ~ :~'r ," .. e\····· . ~ . '.' .. :". ,',"' ,"~t' ~~' .. '.... . ,'.':

resu1tant·, chrbmat6grams" Unsill. table for eonventional' methods of integration"
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such .al;l.~p'~ak. CU'e~' me8:sure~ent .o~"tr~angulati~n i and... Can, ': i1', .the; response .. _'1<

01' the...output. device . (chart. recorder", printer-:-plotter) ;is ßlow" result in.. ':. ~.,. .- _. .' .. . . - . .

peaks being missed entirely• . , ' .'. ' '" _. 2
The·use of·o. desk top computer to handle:the outp1,lt 1'rom the"(q.cLi~·:_

•• ' •••• • 0 •• " .'" ~ , • •

eolumn has. helped eonsiderably, to. overcome..th~se' di1'1'iculties •.. After. . ' ... '-' '.. . .. .

investigating 0. number 01' possible methods 01' estimatio~ such.as;designated

peak areo. summation, individual peak' area measurement· and slice .width:-... :.:: .
• ~ r. • • •• ' ",. " •.• , '. • ••

measurements, :the,method eventually adop~ed.~as based.onthe.summation 01'
'. .... .' •• ' • • .. w •• Il.. ( ... ~. •• '.' - -. • • • ~

the heights 01' designa.ted peaks. Although these me:tho~s are. :.~o~ novel

..and:',.5?~.)?!l,,!?~rri!,!d··9utr '\l~ing pui table integrat,?r~,,'or.even:~ually,··,tbc ... -- 2" . .. . .
combination,,01' _(GC): ,and :t:tl~ uso .01' a .deck top. computer:has ·allowed.ithe.... -... . . . .4. .. . .. ~. ~ . . . ' • •.

analysis of FeB residues to be automated to 0. .much· greater'extent' than. . .. , ...

was possible using conventional packed column chromatography.

DISCUSSION

The use 01' (GC)2 for the determination 01' PCB residues has implications

"for the 'analysi~ of organoch16:tine residues ·as'ci.· wh~le~ :'The pre's'eni"meth~'ds

of;preparätion und analysls!using'corlventionai~packedcoiümnsare relati~ely

labour intensive and time ·cohsuming,'~r6qli.i:dri€i"s'everai'GLC;runs' hefore"'the

various residues ean be determined. Using 0. suitable (GC)2 technique it

is possibleto reduce considerably the number of GLC runo becauoe of the

greatly improved resolution 01' capillary columno. 11' the (Gc)2 instrumenta­

tion ean be coupled to an automatie injeetion system and a data system it

is possible to proeess samplos outside normal working hours under the con­

trolof the data system. Besidcs the savings in labour costs and improve­

ments in precioion, this arrangement also optimises the uso of the instru-

• ment by releasing i t during working hours for non-routine applications or

maintenance.
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