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Abstract: Jn spi l. r o f ( h e ;K»( ent i .i I s<i i i , ' ihi l i i y o/ nm 11 i i t i metis i oita ] 
c h romo t: og ri=iphy (MIXHC) Jind a<:t- i vctvcd CtSr />on .-/ir ojnriroqi tiph JC r et./ungues f o r i h e 
qu^n i i f i c i i t i o n o f norj-ortho r t pinn. ' i t rp.<^ in nnv i j onmeni .i 1 î e înpl n.-̂ , a number 
o f a i w i l y i i c a 1 p i ob i ems wei e encount ie i ed i^'hen ih.it h t m-hniqucs !-.'(=• z c used i n 
c o m b i n a t i o n. Commercia} c h a r c o a l s behaved d i f f e r e n t l y i n t /icji s e p a r a t i o n 
behav io r o f p l a n a r CPs w h i l e MDCC showed (rho presence o f co e l m i ng ECD a c c i v e 
subscancos a f t e r carbon column sepa ra t i o n . On Che o t h e r hand, use o f MDCC 
wi Lhout p r e s e p a r a t i o n o f samples on ca rbon , o f cen y i e l d e d concenc rac ions o f 
p l a n a r CDs be low decect ion l e v e l s because t he samples had l o be d i l u t e d Co 
a v o i d o v e r l o a d i n g o f ortho, ortho' Cl CBs on the column. Foi these reasons , 
ea r I i e r reports may have ovet - a n d / o r under e.-̂r imat ed vhe concent raC ions o f 
i h e s e p l a n a r CBs. 

Introduction: A congener-speci fie determ ina tion of to?:ir chlotobiptienyls such 

as .^3-44'-T4CB («77), 3 3 ' 44 ' 5-Pt;CB (1126) and ? 3 ' 44 ' 55 ' -Hr.CB (ft 1691 in 

envi ronmentai samples is emphasized recent Ly. However, meosurement of t:hese 

congeners constituting only a minor part of the CB mixture is difficult, the 

signals of non-ortho Cl CBs bei ng generally masked by domi nant signals of 

other CBs or co-extracted chemical ent it ies. 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, rhe affinity of 

of graphite for planar aromatic compounds was utilized in a conventional 

chaI coal column chromatographi c technique for the structural separ ation of CBs 

(Stalling et al . 1980, Tanabe et al. 1987). Difficulties in reproducing these 

published methods using locally available brands o t charcoals are reported 

recently (van Arnhem 1989, Rinta-Santti 1989 & Mes and Weber 1989 ). The 

experience gained at IFM, Kiel, NJOZ, Texel and Ehime University, Matsuyama 

was used in an e.xercise 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 brands of charcoals were studied, v i z . wako Pure 

Chemi ca1 1ndust. ries , Japan . Baker Analyt ical Reagents, The Netherlands and 
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.•jnij 169) l l n o . i i j l i i.lK.- ;-,,,.t;oiKl <.-oUiniii i j i i , i i i n i . . j i i VL-1 y . rlit.--..- .u .- doL-.-i.-l i!i:l by t.hc-

"ni.nin cloLiicLcir• ( f i j t i.l...Lailr, o f i l i i r ; t.f..,;hiii..juo T.f.i Duinki.-i ..-i. .i 1 . 1988) Gas 

i-;lirom,-lLot(i,1|iliy-ii..i;ii; I i ,3ijnieiU.o.jr,-ipli i r , l , i i . . , ^ r j io oh t . i i i i , . , ! w i l l . .'1 iCHIiOMAT :: - fl , I ,H1 

K inn l i j i i i l M.ll; HOII M.S. Al l i l i i - .s i j . ; . 1 li.T, i.-o.il s li.iil lj,7..-ii |,, <.-v , ,,i,.i I y i,:;,..,l ,-,,„] t.e^Letl 

by Lwo of l.he . lu l .hors i n l.h(-ii- r i.T.ri.-i.l i uc 1,-jbo. ..i oi i .-ri IKI.imp Un i vr- i s i t y . 

Japan and NI07., Th,.- Notht-i- l .TIRID ) . n.iinp) ,,.r, o f h ; i ;bo i :i..-., 1-, I r J i oo i v i c u l i m i ) 

worf: t i jotocl 111 Ki . - l i i ^ i i . q i.h.u.o.-. 1 Ml«:i- t .vc.-hiii ijii...-.. . i ; . . . ; , , , ! . - . . . w.-.-r..- . l i g n r . t o d i n 

a l c o h o l i c KUM a.1.1 i.l(.M,„.-d up on |||-|,( .mil A lumina . Th.- HIti-/. p i o i . o d . u e i n v o l v e s 

two succo^s i vo i . ' l i i f i o i i o f l.h.; r.ainpl..- o x t i a c l . . f i i TU w i l l ; .lild ml o f 1 ; : ! DCM i n 

hexane and then w i t h IDO ml of t o l u e n e , on n.n Is..-1 - •.; i h . u . - o a l . The sample 

e x t r a c t s were , i l s o e l u t e d on a s i i i i i l a i t .as is w i t h w.-.l-.,.. , h.,i .-...i 1 . -rhe method of 

Tanabe et a l . l l 'JH')) w.is m o d i f i e d l o r t h i s purpose. i..,M„, i.l r-cti-.; w.;.e e l u t e d 

us ing 30 ml of i()-* IX.M i n he.xane and 10 ml of -101, luTM in h...x,ine. P lana r CUs 

were e l u t e d subs.L-iiueni. ly w i t h i.iO ml o l ((.i;30 ncn-,-.enc. ?-.tl-.v 1 . i r . e i a t c . 

Jn t he no ima l p r o c e d u r e at K i e l , b i o l o y i c a l s...r,ph-i; a i e .:)round w u l i 

anhydrous NaaSOu , „ ,a e;- . t racted w i t h hexane. The ex , : a< r r . a r e c l e a n e d up on 

a lumina and IIPI.C ( P e t r i c k c t a l . 198(1). B lubber Sample;; p i ocessed t h i s way 

were chromatographed on A l l t e c h c h a r c o . i l . The method of T. i ih. inen c t a l . (1989) 

was m o d i f i e d f o r t h i s purpose. That i n vo l ves an i n i t i a l 10 ml e l u t i o n o f .lOif.O 

DCM:Hexane f o l l o w e d by '">0 ml t . ' l u t i o n in t o l u e n e ( j -eve ise e l u : i o n ) . 

Recovery of n o n - o i t h o Cl CUr. was t - j s ted us ing s tanda, , l i ; o f h i g h p u r i t y i n 

a l l cha rcoa l s and found t o be more Mian 8'-,'J. A d d i t i o n a l l y . JO(l pg o f A r o c l o r 

1254 was chromatographed on these cha rcoa l s I on ly 10 |Ki was used on A l l -

c h a r c o a l ) . 

Results and Discu.s.sioii: Problems were encounte red i n r e p i o d u r m g t he p r o c e d f j f ^ o f 

Tanabe et a l . 11987) us ing Baker. .Sigma and Pis l ier c-haTc.ials (van Ai nhem 1989. 

R i n t a - S a n t t i 19H9 I. Mes and Weber 1989 I . Excess ive baekci iound n o i s e , poor 

removal of o rcho -C l PCBs and low recovery o f non-.- i r t) io Cl were some o f the 

prob lems. The f i r s t two carbons al.so needed e x c e s s i v e s o l v e n t s (>350 m l ) and 

l i i g h p r e s s u r e . The d i r e c t measurement o f n o n - o i l h u Cl PCBs i n ,i complex 

m i x t u r e us ing MtlOC i n t h i s l a l i o t a t o r y . wos used t o (es t these c a r b o n s . I t was 

noted t h a t c o p l a n j i CBs were r e t a i n e d d i f f e r e n t l y in i h a r t o a l s ( p r o b a b l y , on 

the a v a i l a b i l i l y of a c t i v e g r a p h i l e s t r u c t u r e s ) and we found i h a t none o f t h e 

s i n g l e p r o c e d u t e s works e f f e c t i v e l y f o r d i f f e i e n l . . h a n - o a l s . l o i example 

M l t e c h cha rcoa l e f f e c t i v e l y removed -tS^ of CBs i n 10 ml ot s o l v e n t m i x t u r e 

(Tab le ?) . K x t c n s i v e recove ry (. b lank cheeks us ing pu ie -. B congene rs were 
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essential prerequisite in c>icii.(:oal chi omatOQt dphy . RosuU ? of MDGC analysis 

of five seal samples ur̂ inq B.iker and Wako charco<jls are qlvi^n in Table 1. 

While CH 77 mcasur omenl s weir.- ^piive Qcjieealtle hot ŵ.-;[i r hose ''ĥ x̂t coals, the 

values for CDs 126 &. 169 var i ed hy more t han a f actoi o l 2 in r.ome samples. It 

was also noted that there was a significant cont r i but ion of CD 110 to the "CB 

' / ! • peak. Thouyh c:haic;oal sr-1 f. i i vr-1 y ipi.Tin.-; .̂l.lrl,̂I t.Bn. MIIMM C D S and 

compounds of biological/environmental origin do appear in the cleaned-up 

extract in amounts to interfere the trace level det nrnii nat ion of non-ort/io Cl 

CBs. Thus, reliable measurements rjf CBs 77,126 i, \G? on a single SR-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 M[:>GC-ECD after carbon 

Table 1 . Concent ration (ng/g) of : \ o n - a r t ho Cl Cî s in sea 1 blubbei . Va 1 ues 
a f ter charcoal chiomatoqraphy-MDGC rneasm cmeni: s . 

Sample 

NO. 

1 

2 

3 

4 

5 

33'4<1 

Wako 

0.28 

0.15 

0.04 

0.20 

0.05 

-T4CB 

Bake I 

0.38 

0. 10 

0.07 

0.20 

0.04 

33'44 

Wako 

0.53 

0.25 

0.45 

0.51 

1.08 

5-P5CB 

Baket 

1 .8 

0 .4f. 

0.35 

0.48 

0.78 

33-44'55 

Wako 

0. 14 

0 . 05 

0.04 

0.16 

0.3 3 

• HSCB 

Baker 

0.44 

0 .1)5 

0.24 

0.37 

0.18 

Table 2. Percent of selected PCB congeners in the non-orc/io Cl fraction 
after charcoal - fTOGC analysis of Aroclor 1254 (wt/wtl 

PCB No. 

lie 

110 

138 

128 

180 

187 

183 

174 

77 

126 

Structure 

23-44-5 

233-4'6 

22'344'5' 

22'33'44' 

:2'344'55' 

22-34'55-6 

22-344'5'6 

22•33'456' 

33'44-

33'44'5 

Reported 

values 

6.39« 

•j. 65' 

3 .20" 

2.07" 

0.38'"' 

0.32" 

0.171 

0.34" 

0.06'' 

0.0046'-

% wt/wc 

Wako 

0.034 

0.11 

0.01 

0.0044 

0.0053 

0.0026 

0.002 

0.0019 

0.057 

0.018 

after charcoal chromatogr. 

Baker 

0.039 

11 . 10 

0.0074 

0.0022 

0.0023 

0 

0.001 1 

0.0023 

0.033 

0.006 

Alltech 

0 

0.0019 

0 

0 

0 

0.02 

0 

0 

0.022 

0.0072 

Values of a «. b are from a - Schulz et al. (1989) L b Kannan et al. (1987) 

Organohalogen Compoun(js 2 167 

1990



s e p a r a t i o n . T h e s e c.-ngi.-iiLM n <:oiil<.t noi h f di.-i nci.f^d by Ml.u'.r w i t h o u t c h a r c o a l 

s e p a r a t i o n b e c a u s e of r.ho pi r-r;r:ii,:,,. ol i '.)o liitjh amount, s of 110 r e l a i i v e t o 77 

in t h o peak.n t r a n : ; f e r re<] t o thf.> MM i n coliimii in t h e MIXT-C, So, t h e u s e o t c a r b o n 

o f f e r s a new dimcn. '^ion t o \ h r MlX";c an.il ys i ; ; . (se*.- a 1 ?;o F L q . ) ) . In t h e d e s c r i b e i i 

p r o c e d u r e s u s e of st. r o n g ox i daul s r.i ich . is ch t i.nni r- .TI-.- i ri w,is cTr ef n I ly a v o i d e d 

a s a c l e a n - u p Ijecau;-.*? tjuam i i .n j yf inj:;: of ' n . ] A ( , K ] U )̂ wav. n o i i c c i in t h i s 

l a b o r a t o r y , in sumrnMiy, it. c m IK- COIW l u d e d r h a t t h e add it i v e u s e r)f b o t h 

c a r b o n c h r o m a t o g r a p h y and MDCC i s n e c e s s a r y for p r e c i s e q u a n t i f i c a t i o n of t h i s 

c l a s s of h i g h l y t o x i c CB c o n g o n e i s . 

(A) unknown non-CBo 

( B ) 

110 

\ 

.-..^ 

F i g u r e 1 . -77 c l u s t e r " of p e a k s in MDCC a f t e r a ' h e a r t c u t ' . S e v e r a l unknown 

p e a k s a p p e a r e d i n d i r e c t MnGC m e a s u i e m e n t .if b l u b b e r [Phc r . i v i r u i j n a ) s a m p l e 

(A) and w e r e e l i m i n a t e d / r e d u c e d a f t e r t r l ia rcoa l c l e a n - u p ( B ) . In s p i t e of t h e s e 

r i g o r o u s s e p a r a t i o n s some coinpounds e s c a p e l o c a u s e o v e r e s t i m a t i o n s of p l a n a r 

CBs, i f n o t c a r e f u l . 
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