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Abstract: In spite of (he potential suitabiltrry ot mult dimensional
chromatography (MDGC) and activated carbon chromatoqraphic iechniques for the
gquantification of non-ortho ! planar (CRs in environment.al nples, a number
af analytical problems were encountered when both techniques were used in

combination. Commercial charcoals behaved dJdifferently in their separation
pehavior of planar CBs while MDGC showed the presence of co eluting ECD active
substances after carbon column separation. On the other hand, use of MDGC
without preseparation of samples on carbon, often yielded concentrations of
planar CBs below detection levels because the samples had (o be diluted to
avoid overloading of ortho, ortho* Cl CBs on the column. Fo: these reasons,
earlier reports may have over- and/or underestimated the concentrations of
these planar CBs.

Introduction: A congener-specific determination of toxic chlorobiphenyls such
as 313'44'-T,CB (#77), 33'44'5-P<CB (#126) and 23°44°55'-H.CB (% 169) in
environmental samples is emphasized recently. However, measurement of these
congeners constituting_only a minor part of the CB mixture is difficult, the
signals of non-ortho Cl CBs being generally masked by dominant signals of
other CBs or co-extracted chemical entities. This applies equally to GC-ECD
and GC-MS measurements. The interfering chemicals could be separated from the
target components with multidimensional gas chromatography and determined with
ECD {Duinker et al. 1988, Schulz et al. 1989). Alternatively, the affinity of
of graphite for planar aromatic compounds was utilized in a conventional
charcoal column chromatographic technique for the structural separation of CBs
(Stalling et al. 1980, Tanabe et al. 1987). Difficulties in reproducing these
published methods using locally available brands of charcoals are reported
recently ({(van Arnhem 1989, Rinta-Santti 1989 & Mes and Weber 1989 ). The
experience gained at IFM, Kiel, NIOZ. Texel and Ehime University. Matsuyama
was used in an exercise carried out in Kiel in 1989-90 to compare the
usefulness of MDGC and various charcoals for the measurement of non-ortho Cl
CBs in environmental samples.

Experimental: Materials: Three hrands of charcoals were studied. viz. Wako Pure
Chemical Industries., Japan. Baker Analytical Reagents, The Netherlands and
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selected part of the eluate Cin this case those [ractions with Che 77, 126,

and 169) through vhe second colunm quantitatively . These are detected by the

"main detector® (for details of this technigue see innker wn al, 1988) . Gas -
chromatography -mass fragmentographic data were obtained with 0iCHROMAT -8 and
Finmigan Mat 800 MS. Analysis: Charceoals had been proeviously ased and tested
by two of the authors in their respect jve laborarayyen (Ehime Mniversity,
Japan and NIOZ, The Netherlandg) . Samples of harbor seals (Mhoca vitulina) *
were Ltested an Kiel aging charcoal MOGC Lechnigues, atp |l were digested in

alcoholic KOH and cleaned up on HELGC and Alumina. The HioW procedure involves
two successive elution of Lhe sample extract, first witl: 300 wl of 1:2 DCM in
hexane and then with 150 m) of toluene, on PBaker's chateoal . The sample
extracts weve also eluted on a similar basis with Wake chaicoal . The m2t hod of
Tanabe et al. (1989} was modified (or Lhis purpose. 1l €1 BCHs were eluted
using 30 ml of 20% IXM in hexane and 10 ml of 40% bCM in hexane. Pianar CBs
were eluted subsequently with 60 ml of 70:30 Benraene . Fihyl acetate.

In the normal procedure at Kiel. biological samples are ground with
anhydrous Na3804 and catracted with hexane. The ext racts are cleaned up on
alumina and HPLC (Petrick et al. 1988). Blubber sumples processed this way
were chromatographed on Alltech charcoal. The method of Tathanen et al. (1989)
was modified for this purpose. That involves an initial 10 m! elution of 40:60
DCM:Hexane followed by 50 ml elution in toluene (reverse eolut ion) .

Recovery of non-orthe Cl CBn was tosted using standads of high purity in
all charcoals and found to be more Lhan 85%. Additionally, 200 pg of Aroclor
1254 was chromatographed on these charcoals only 10 ylg was used on All* /
charcoal) . /
Results and Discussion: Problems were encountered in reproduring Lhe px'ocedil'i"c'/o;
Tanabe et al. (1987} using Baker, Sigms and Fisher charcoals (van Arnhem 1989,
Rinta-Santti 1989 & Mes and Weber 1989 ), Excessive backaroumd noise, poor
removal of ortho-Cl rCBs and low recovery of non-archo ¢l were some of the
problems. The first two carbons also needed excessive solvents (350 ml) and
high pressure. The direct measurement  of non-orthe €l PCBs in a complex
mixture using MDGC in this laboralory, was used 10 test these carbons. It was
noted that co-planat CBs were retained differently in charcoals {probably, on
the availability of active graphite structures) and we foumd thary none of the
single procedutes works effectively for different charcoals. For example
Alltech charconl effectively vemoved 99% of Chs 1n 10 ml of solvent mixture

(Table 2) . Extensive recovery A hlank chacks using pure  CB congeners  were
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essential  prerequisite  in

of five seal samples using Baker and Wako charcoals are qiven in Table

While CB 77 measurements were guite agreeabile betweon those charcoals,

values for CBs 126 & 169 varied by more

than a factar of 2 1n some samples.,

was also noted that there was a significant contribution of CB 110 to the

77+ peak. Though charcoal «eloctjvely

compounds of biological/environmental

extract in amounts to interfere the trace level

CBs. Thus, reliable measurements of CBs

tetains planar CBa,  olher  CBs

charcoal chromategraphy . Results of MDGC analysis

the

It
“CB
and

origin do appear in the cleaned-up

determination of non-ortho Cl

77.126 & 169 on a single SE-54 HR-GC-
ECD, even after charcoal clean-up is doubtful. Apart from these negative

conclusions on charcoal we also found an important possible use of this

material. As can be observed from Table 2, CBs 77 and 126 were detected at

low, but measurable concentrations in Aroclor 1254 by MIGC-ECD after carbon

ortho Cl ¢Rs 1n seal blubber.

33'44'55" - HeCB

Table 1. tConcentration (ng/y) of non-
after charcoal chromatography-MDGC measurements,
Sample 3344 -TqCB 33'44°5-PgCB
No. Wako Baket Wako

Baket wWako Baker

Table 2. Percent of selected PCB congeners in the non-ortho Cl fraction
after charcoal - MDGC analysis of Arocior 1254 (wt/wt)
Reported % wt/wt after charcoal chromatogr.
PCB No. Structure values Wako Baker Alltech
118 23'44°5 6.392 0.034 04.039 0
110 23346 5.85% 0.11 w10 9.0019
138 2273445 3.207 0.01 0.0074 [
128 223344 2.077 0.0044 0n.0022 0
180 2234455 0.38° 0.0053 0.0023 0
187 22°34'55°6 0.327 0.0026 0 0.02
183 B 22'344°'5'6 0.172 0.002 0.0011 0
174 22'33°456" 0.34° 0.0019 0.0023 0
77 3344 0.06" 0.057 0.033 u.022
126 334445 0.0046" g.018 0.006 0.0072

values of a & b are from a - Schulz et al. (1989} & b

Kannan ct al. (1987)

Values
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gseparation. These congeners could not be detected by MIGC without charcoal

separation bhecause of

the presence of too high amounts of 110 relavive vo 77
in the peaks translerred to the main column 1n the MDGC. So, the use of carbon
offers a new dimeusion to the MOGC analysis. (see alsno Fig.l). To Lhe described
procedures use of strong oxidant s aucle as chiromic acid was caraefutly avoided
as a clean-up becaune guantitatave toss of 47,126 & 169 was noliced in Lhis
laboratory. In summary, it can hbe concluded that the additive use of borth
carbon chromatography and MDGC is necessary for precise quantification of this

class of highly toxic CB congeners.
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FPigure 1. °77 cluster” of peaks in MDGC after a 'heart cut'. Several unknown
peaks appeared in direct MDPGC measurement of blubber (Phoca vitulina) sample
(A) and were eliminated/reduced after charcoal clean-up (B). In spite of these
rigorous separations some compounds escape lo cause over estimations of planar
CBs. if not careful.
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