
in biota samples 

. . 

lNTROlXK’TlON 

Residue lcvcls of potychlorobiphcnyls (PC%) 
INVC been ti7~11d I!\ uqui\tic biotu, both contincntul 
and marine, us u result of their widcsprc,td distribu- 
tion, cnvironmcntul pcrsistoncc and high tipophyl- 
icity [I .-31. Among the 209 possible PCB congcncrs, 
only w. I50 have bocn rcporttd in to the total cnvi- 
ronmcnt. Scvcn of them (IUPAC Nos. 28. 52. 101, 
1 IS, 138, 153 and 180) WIV sclwted as the most 
relevant becdusc of their distribution throughout 
the chromatogram and coverage of the chlorination 
cangc, USC in technical mixtures, reiative ease of de- 
tcrminution and proved toxicity. Cons~q,wttly, 
they arc commonly mentioned in environmental 
regulations 141. 

In the tast few years. increasing attention has 
been paid to congetwrs having two purer-chlorines 
and at Icw one nwru-chlorine that show the same 

type of toxicity as 2,3.7,8-tclrachloridibenzo-~ 
dioxin (2.3,7.8-TCDD). Thcsc congcncrs arc also 
cirll~d “coplanar” PC&. as they lack w,rtlto- and 
contuin nretcl- and pwachlorinc atoms. thus mak- 
ing u coplnnw conformation more probable [3]. 
They show particuiurly high “dioxin-like” toxicity. 
e.g.. PCBs with IUPAC Nos. 81, 77. t26 and 169. 
Considerable toxicity is also attributed to some 
mono-ort(tc~-chlorintttcd PCBs. cspccially IUPAC 
Nos. I05 and 156. Based on toxic and biochemical 
potcncics. the rclativc toxicity of PCB congzners 
compared with 2,3,7,S-TODD may be expressed as 
toxicity cquivalcncc factors (TEFs). The total 
“dioxin-like” toxicity of a mixture of PCBs may be 
calctdated BS the summation of the COm3%IttdOn of 
individual toxic congcners times their TEF and it is 
used in environmentai studies [5& Therefore, to 
cope with the new requirements of monitoring pro- 
grammes there is a need for the development of ana- 
tyticul methods for the isolation of the different 
groups of PCBs. In this sense. for the iwlation of 
the previously mentioned seven PCB congeners 
there is an extensive litcraturc of analytical methods 
mainly based on sutphuric Gd clean-up, sorption 
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column chromatography with Florisil and silica- 
alumina ‘[3], gel &rmcation chromatogriiphy I61 
and normal-phase high~performuncc liquid chro- 
matography (LC) [7], However, for the isolation of 
the more toxic PCBs, only a few methods have been 
developed, basically using activated charcoal col- 
umns [S-l I] and recently developed methods in- 
volving 2-( I-py~ny~)cthyldimcthylsily~~ted silica 
LC column [I21 and Florisil column chromntogra- 
phy [I319 

The separation techniques for isolating coplanar 
PCBs have been reviewed recently [3,8]. initial 
methods of isolation used carbon or granular char- 
coal in various grades and particle sizes. More re- 
ccntly, silica has been coated with graphite us the 
basis of the commercially available LC Hypercarb 
column, The separation is based on the retention of 
planar or near planar molecules by the graphitic 
surface of the adsorbent. Non-planar molecules arc 
either unretained or have a limited retention, whcrc- 
as non-ortlro-substituted PCBs can assume a copla- 
nar configuration more readily than the orrlto-sub- 
stitutcd isomers, allowing a stronger interaction 
with the planar porous grnphitic carbc\n structure. 
In general, the existing methods for the isolation of 
planar PCBs congcncrs from other PCB congcners 
have been criticized because large volumes of 
clucnt, e.g.. over 1000 ml [14], per sample arc nccd- 
cd. In other instances, the use of highly carcinogenic 
solvents is involved (c.g., benzene) [9,15,16] or the 
need for multiple solvents, e.g., methylcnc chlorine, 
cyclohcxanc and tolucnc [17) and light pctrolcum 
and tolucnc [lS). 

This paper report on the isolation of coplanar 
PCB congcners from environmental samples with 
the use of sulphuric acid trcamcnt and a Hypercarb 
LC column. Further confirmation is achicvecl by us- 
ing cnpillnry GC columns of different polarity anclf 
or GC---MS in the clcctron impact (EI) and selected 
ion monitoring (SIM) mode. 

EXPERlMENTRL 

All solvents (n-hcxanc. dichloromothane and 
dicthyl cthcr) wcrc of pcsticidc griidc from Merck 
(Darmstrrdt. Germany), Alumina, Ftorisil and silica 
gel wcrc also obtained from Merck. Anaiytical- 
reagent gadc individual PCB conrponcnts (Promo- 

chcm, Wcscl, Germany) with IUPAC numbers are 
shown in Table I, For substitution patterns of the 
different PC&, see ref. 3. 

An cluent flow-rate of 3 ml/min of n-hexdne was 
delivered by a Model 64 high-pressure pump 
(Knauer, Bad-Homburg, Germany) coupled with a 
UV detector set at 254 nm (hnaucr), Standard solu- 
tions and biotu samples containing coplanar PCBs 
were injcctcd via a 50- and 4000~1 loop, respectively 
(Rheodyne, Cotati, CA, USA). A Hypcrcarb 
(Shandon Scientific, Warrington, UK) porous 
graphitic carbon (7-pm particle size) LC column (50 
x 4.7 mm I.D.) was used. The material has a sur- 
fact arca of about I SO m”/g, 8 mean pore volume of 
2.0 cmJ/g and a particle porosity of 70%. 

Samples of 2 ,ul were injected in the splitlcss mode 
(pas hold-up time = 35 s) with a Hewlett-Packard 
(Palo Alto, CA, USA) Model 7673A automatic 
sampler in a Hewlett-Packard Model 5890 capillary 
gsrs chromatograph equipped with a ““Ni clcctron- 
capture detector at 310°C. The columns used wcrc 
CP-Sil-8-CB (Chrompack, Middclburg, Nather- 
lands) and DB-5. both containing 5% phenyl-95% 
mothylpolysiloxanc, DB-17 containing 50% phcn- 
yl-50% n~ethylpolysiloxinc and DB-225 containing 
50% cyanopropyl-50% phcnylpolysilo~ne, all 
from J and W Scientific (Folsom. CA, USA). The 
chrotnittogrnphic conditions for each column used 
arc given in the figure legends. 

A Hewlett-Puckard Model 5995 GC-MS instru- 
ment interfaced to a Model 59970C data systctn was 
used. The DB-225 GC column was used for GC- 
MS confirmcttion ofcopianar PCB congcncrs, with 
direct introduction into the ion source and with the 
temperature programmes indicated in the figure leg- 
end. Helium was used as the carrier gas (30 cm/s), 
The ion source and the analyscr were maintdined at 
200 and 230°C. rcspcctivcly. El mass spectra were 
obtained at 70 cV. 

The protocols that can be used for the isolation 
of coplanar PCBs from other organic compounds 
arc shown in Fig. 1. The gcncral analytical schcmc 
shown is much broader than the results indicated in 
this paper, A major point of this papa is that using 
a common method (method A) that permits the dc- 
termination of a broad range of pollutants such as 
PCBs. DDTs. hydrocarbons and orpanochlorinc 
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Fig. 1. Atr~lyticnl mcthod~k&y uscxi lbr the isolation ofqktnar PUBS l’tum other PC% and scwr~l organic micropotlutants. PAH = 
polyqclic aromatic hydrrxurhona OC = orgmochlorinc pesticides: DDTs = p#-DDT + &-DDE + p$-DDD: DChf = di&Ioro- 
mcthimc. 

pesticides (OCs), we can easily include in the proto- event from the point of view of toxicity and can t>e 
col method B, which is II “daughter” method from found in biota samples. we should also not forget 
method A. Method B should permit the isolation of the other major organic potlutants that are current- 
coplanar PCBs, and also of all the other pollutants. 1y dcterrnincd in biota samples within the different 
This indicates that although coplanar PCBs arc rcl- monitoring programmes. 
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For the recovery studies, spiking of the wmpics 
wus carried out Prior to the extraction by careful 
mixing of the standard solution (10 ml of a solution 
of 50 or 200 ngJmi for coplanar or conventional 
PCBs) with the sampic to be analyscd in the Soxhlet 
apparatus, before extraction and fractionation. 

After extraction was compictcd, the organic cx- 
tract was dissoivcd in tr-hcxanc ( 10 ml) and clcancd 
up by vigorous shaking with 3 ml of suiphuric acid 
for about 3 min. This extract obtained is injcctcd 
into a Hypcrcarb LC column (~(1. 200 iti) using N- 
hcxanc as clucnt at 3 mjlmin. In this way, the copln- 
nars PCBs (IUPAC Nos. 81, 77, 126 and 169) arc 
collected in the second LC fraction bctwccn 25 and 
IlO ml. Subscqucntly, the difrcrcnt solutions col- 
tcctcd wet-c evaporated just to dryness and the rcsid- 
ucs were dissolved in 250 jtl of isooctanc and were 
then ready to be injected into the GC-ECD and/or 
W--MS systems for quantification. 

Extcrnai calibration was used with the mixed 
PCB congcncrs containing 40.--200 p&p1 in isooc- 
time, injecting the samples and standards with the 
nulomatic sampler. 

The linearity of the dctcctor was dctcrtninud h> 
injecting a scrics of PCS congcners at ten dilI&cnt 
concctttrations and plotting the ratio of the pcuk- 
hcipht response to the mass of the dctcrminand 
against the mi\ss injcctod 10 delcrtnine the Irue tine- 
ar range for the dctcrminand. The system was linear 
bctwccn 80 to 400 pg injcctcd. 

RESUL ‘S AND DISCUSStON 

The rccovcrics and rchrtivc standard deviations 
(R.S.D.s) obtained for a variety of PCBs obtained 
using the difI’crcnt methods arc indicated in Table I. 
Most ok the PCBs can be casiiy scparatcd using 
DB-5 or CP-$1-8 CB apolar capillary columns. 
Howcvcr, the whole separation of all the group of 
PCBs is not possible c‘vcn using thcsc stutionarj 
phases in a 30- or 50-m column. which arc the mast 
ividcly used for monitoring PCBs in cnvironmcntal 
samptcs. Concurrent analysis with a more polar col- 
umn hu* been suggested [ 19.201. This is ccr_tainlJ 
rcyuircd for the complete separation of’ congcncrs 
149-118 and 13X 163 lIlJPAC numbers). In addi- 

tion, the polar DB- 17 GC column also improves the 
separation bctwccn PCBs 153 and 105. Co-elution 
problems bctwccn certain congcncrs, such as PCBs 
138 and 153, were found during a certification cxcr- 
cisc, where most of the laboratories wcrc using 
DB-5-type columns; the two congcncrs wcrc not rc- 
soivcd, thus making it impossible to certify the PCB 
138 congcncr. Conscqucntly, certification of PCB 
138 was indicutcd as the total amount of PCB 138 
+ 163 [4]. The separation of this particular mixture 
was until now only known to bc possible citht’r on a 
very polar SP-2330 ibiscyanopropyisiloxanc) coi- 
umn [l9] and rcccntiy on a polar FFAP (poiycthy- 
icnc glycol tcrcphthaiatc) column [20]. Hcrc WI: rcc- 
ommcnd for the first time a DB- t 7 capillary column 
for a complete separation of PCB pairs that usually 
co-clutc using DB-5-type columns. 

Fig. 2 shows GC- ECD tracts of a fish sampfc, 
S&&zrr piidtmdtrs, using thcsc two columns. When 
WC compared the columns for u variety of PCBs, WC 
found that the complctc separation of PCBs I18 
and 149 is only achieved by using the more pohtr 
DB-17 column. This result shows that in order lo 
avoid the problems encountered and dcscribcd 
above. monitoring prognu~~mes involving analysis 
for ;I vas icty of PCBs should incfudc the use of two 
GC columns of diRcrcn1 polarity. 

A typical LC separation using the Hypcrcorh col- 
umn eorrcsponding to II ntisturc of PCBq and the 
copIani\r PCt3s Nos. S I, 77, I26 atId 169 is shown in 
Fig. 3. In Fig. 4 the GC-ECD tracts of (A) the total 
sulphuric acid extract obtained with method A, (B) 
the injection of the first fraction and (C) the injec- 
tion of Ihc second fraction arc shown. The GC- 
ECD truces in Fig. 4A and B arc ahnost identical, 
which makes it impossible to distinguish the copla- 
nar PCBs. This indicates that (i) when using con- 
ventional clean-up proccdurcs with sulphuric acid 
Ihc toxic PCB congcncrs cannot bc analyscd dircct- 
ly. as their puaks arc confused with the prcdom- 
inant peaks of other PCBs. and (ii) the amount of 
toxic coplanar PCB congencrs is small compared 
ivith the total amount of PCBs and they can only bc 
distinguished on injecting the second fraction (Fig. 
4C). Good rccovorics rtrc obtained for the convcn- 
tionnl PCBs and DDTs obtained in the first fiac- 
&HI. as pointed out by other workers when using 
carbon column fractionation [ 1 I]. 

Fig. 5 showt; the GC ECD traces of an extract of 
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Pcu hlcttrod A 
WI’AC No. 

Silica--al\ftttinil 
.- -.-^--.-.._ _. 

Sccftdwr scurfthrfr.~ spiked at 50 ng g with ctzpianar 
PCBs and 200 ng;g with PCBs obtained using mcth- 
od C. Fig. 5A and B show the protilcs obtained 
sftcr injecting (A) the tr-husanc and (B) the n-hox- 
ant dichtoromcthanc fractions. Although the rc- 
covcrics of the coplanar PCBs 77. 126 and I69 were 
wry high. two problems wcrc cncountcrcd: first. co- 
ciution of PCB Sl with DDE. and second, the scp- 
arntion of all the PCB congcncrs is incomplete. so 
PCBs Ii)5 and I56 arc obtained itt both the first and 
second fractions. tn addition. other congcncrs. 
which arc not coplanar. arc also obtained in this 
second fraction. as can bc seen in Table Il. This 
indicate that this method dacs not offer ;L complcrc 
separation of coplrtnur PCBs from con\cntionai 
PCBs as c;locs the Hypcrcarb LC column. in any 
cvcnt. WC can aprcc with a rcccnt paper [l-t] that 

nwommonded the use of Florisil column chroma- 
tography for the isohtion of coplanar PCBs 77. 1?6 
and 169 without determining PCB St. which is the 
one that c;~uscs co-clution problems with DDE us- 
ing this method. 

The USC of GC-EMS for confirmation purposes in 
PCB analysis has been pointed out by several work- 
crs [9.13.21]. who indicated that there is a need to 
avoid problems rclatcd to cross-contamination. The 
determination of coplanar congcncrs of PCBs dc- 
prnds on the level of the other co-cxttactants and it 
aill depend on the biota sample studied. Thus. can- 
fitmation b> GC MS is ncccaq. as thcrc arc ul- 
\cays scvcrA intcrfcring peaks in the GC -ECD trac- 
es [9]. Rigorous protocols such as for PCDDs have 
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I;lME (mm) 

A 

B 

Fig. 5. GC’-ECU tt%LWS Of ilU CXtfiW Of SW&W scwtthrtn 
spiked at SO n&g with coplanar PCBs and at I!()0 ng,$ with the 
other PCB congcncrs obtained using method C (A) and (B) 
show the proliles obtained nl\cr inj&ing (A) thu ehcxnnc nnd 
(B) the ir-hcsanl_Jichloron~~thanr frxtions. A\ DB-5 mpillnrg 
column was uscti under the cspcrimcnt:it conditions givsn in Fig. 
2. 

TABLE II 

RETENTION TIMES AND MAlN IONS OF COPLANAR 
PCBs CONGENERS IN SEVERAL GC CO1JsJMNS 

IUPAC No. Retention time (min) Main &3ns 
- (nr!:) 

DB-5 DB-17 DB-125 
~-- 

and (M + 2)” cluster ions wcrc used as the identitil 
cation criteria together with the rctcntion times of 
the pure standards. Fig. 6 shows the GC-MS ttaoes 
of the fractions obtained in the Hypercarb f’ction- 
ation procedure (Fig. 48 and C) oTa herring fish oil. 
The retention times of the suspected peaks of the 
four coplanar PCBs (Fig, 68) match well with the 
peaks of an authentic mixture of these congetters 
(Fig. 6A). Morcuver, their relative abundances par- 
and those of the original chromatogram (Fig. 4C). 
The higher n&c lcvet exhibited by this fraction in 
the GC-MS analyses is consistent with the very low 
concentrations of the coplanar FCBs with respect to 
other components. In fact. coplanar PCB congencrs 
uswtly occur at conccntrution lcvcls IQ-50 times 
lower than those of the convunrional FC1Bs. The use 
of W-MS with SIM enabled a limit oFdetection of 
less than 1 rig/s in the s;rmpfe analyzed to be 
achieved. 

The fraction corresponding to the other PCBs 
(Fig. 6C) also shows many more peaks in the GC- 
MS traces than the fraction of coplanar PCB con- 
geners, although the GC-MS analysis was carried 
out using SIM. This is a common feature when una- 
tysing PCB mixtures as all the PCBs with an idcnti- 
cai number of chlorines will exhibit similar diag- 
nostic ions, so PCBs with four. five r\nd six chlarincs 

A 
166 

I 

c 

2s JS 

Fig. 6. GC-MSwith Slht of(A) standatd sample olPCBs Si. 77. 
126 ttnd 169. (B) the extract of the same herring oil cormspond- 
ing to Fig. 4C and (C) that corresponding to FiS. 4B. A 0.35-~~m 
DB-115 capillary column ( 15 m x 0. t 5 tnm 1.D.) was used. fhc 
injector tcmpcratuw wts kept at 140X nnd the column tcmpcr- 
iltum ws programmed from 90 to 1SQC nt 10°C min and from 
150 to 140°C at 1 .YC min. 
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in their structure will exhibit the same diagnostic 
ions as the coplanar PCB cong;cncrs monitored in 
the samples shown in Fig. 6. 

The di&rgt coplanar PCB congencrs shown in 
Figs. 4 and 6 were determined in conccntratud fish 
oil. Howcvcr, when their determination must bc 
carried out in conventional biota tissues, some sam- 
plc rcquircmcnts must be considered. The most im- 
portant is that the amount should bc increased cu. 
tenfold to produce an idcal ECD rcsponsc 1221. This 
is indicated in the analytical schcmc in Fig. 1, with 
the rccommcndation of using a larger amount of 
sample for the isolation of coplanar PCBs. 

The method reported involving Hypcccarb frac- 
tionation provides good rccovcrics of coplanar con- 
gcners of PCBs 81, 77, 126 and 169 and ofl’crs a 
complctc separation from the conventional PCBs 
and other micropollutants, such as organochlorinc 
pcsticidcs. This method can be easily coupled to cx- 
isting. &an-up procedures in most environmental 
laboratories currently analysing PCB congcncrs 
and other organic micropollutants in biota samples. 
A major criticism of the proposed method may bc 
the rc-use of the Hypercarb column in the analysis 
of large numbers of biota samptcs. The column used 
in this work has been used for ca. 100 analyses with 
no problems with its rc-use. After each analysis, the 
column was washed with fz-hcxanc and dichloro- 
mcthanc for the elimination of possible intcrfer- 
cnccs. Such 3 washing step will help in rcmovinp 
possible dioxins, as the same column can be used 
for ib&ation of these compounds but cluting with 
more polar solvents. Although it is partly true that 
the prcscnt method is expensive, as the column con- 
tains 7qtm particles with a cost of elf. US SIWO, 
VC’KVI.~ the lower cost of using other particle sizes of 
40-100 ittn in disposable cartridges, so far WC have 
bocn abtc to USC the Hypcrcarb column for 100 
analyses, with a column-cost per analysis of US 
$10. which is about 2-3 time more expcnsivc than 
using cartridges. 

CONCLUSIONS 

A gcncral iIniilytic;ll schcmc (methods A and B in 
Fig. 1) that fiICi!itdtCS the kolation of coplanar PCB 
congcncrs Nos. S 1. 77, 126 itnd 169 from sixteen 
other PCBs and scvcral organic micropollutants 
such as organochlorinc pesticides and hydrocar- 

M, D. Pawr cf al. f J. Chromatop. 629 (19931 329-337 

bons has been reported. Concerning the determina- 
tion of conventional PCB congeners, it has been 
shown for the first time that a DE-17 capillary col- 
umn offers a complete separation of PCB congencrs 
149-118 and 138-163, which cannot be achieved 
with the DB-S common. 

A two-s&p clean-up method with sulphuric acid 
and LC fractionation with Hypercarb has been pro- 
posed for the determination of coplanar PCB con- 
gcners (IUPAC Nos. 81, 77, 126 and 169). It uses 
n-hcxanc as the clucnt in a small volume (100 ml) 
and it is safer, as confirmation by GC-MS with 
SIM is guaranteed. Their dctcrminrrtion is feasible 
at low levels of 1 rig/g in wet tissue, The proposed 
method is superior to Florisil column chromatogra- 
phy, which showed interferences from other PCBs 
and organochlorinc pesticides, such as DDE. 
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