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ABSTRACT

The elution patterns of polychlorinated biphenyls (PCBs) are different on capillary columns of
different polarities. Congeners which elute as single peaks on one type of column may co-elute with other
congeners on another type of column. This paper describes quantitative results from the analysis of
calibration standards and various sample extracts from seals using a capillary dual-column gas chromato-
graphy system with electron-capture detection, where the two capillary columns are operated in parallel
with a glass T-split. Non-linear multi-level calibration graphs and choice-of-fit functions are discussed with
respect to the quantitative analysis of thirty PCB congeners. The differences in the results of the analyses on
the two columns are evaluated, and an approach for preparing a single quantitative report from the two
sets of analytical results is proposed.

INTRODUCTION

The analysis of specific polychlorinated biphenyl (PCB) congeners in environ-
mental samples by capillary gas chromatography—electron-capture detection (GC—
ECD) has been widely reported [1-4]. The precise identification and quantitation of
specific PCB congeners is required as the toxicity of the congeners varies considerably
[2]. The burden of the most toxic congeners, the non-ortho co-planar PCBs and their
mono- and di-ortho derivatives, must be determined with the best precision possible
in environmental samples.

The most common methods use a single capillary column for the separation,
identification and quantitation of the PCB congeners. However, the complete sep-
aration of all congeners on a single capillary column has not yet been reported.
Identification based solely on retention time (zg) on a single column with ECD may
still leave interfering compounds to be falsely identified as PCBs. Confirmation analy-
sis of PCBs is frequently performed by analysing the sample on a second column of a
different polarity [4-9]. Dual-column chromatography, where the two columns are
installed in parallel in a GC oven, enables confirmation analysis to be routinely
performed [5.8].
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Comparable analytical results are expected from the two columns when the
analyte elutes as a single-component chromatographic peak on both columns. In this
instance, cither of the two columns may act as o confirmation column tor the other.
However. many PCBs do not ¢lute in single-component peaks, and possible co-clut-
g PCBs have only been reported for the DB-5 column {1 3] The probiems of
co-clution increase with the number of PCB congeners analyvsed 9],
tion of the PCB congeners must be verttied for cach of the two columns used. This
applics i particular Lo less abundant congencrs. and to congener clusters contamimg
both major and minor analvie

There are relatively lew rcporlx of quantitation provedures tor dual-column
chromatography 4.7 9§ the two analyses are usually performed separately 4.7.9

and the resoln

i
§

The quantitation procedure reported by Erickson 4] used the average value i the
results were within 20%:. The lower value was taken when the result
than 20%. Co-eluting or unresolved POBs were summeed.

Analytical systens i which the two columnys are operated simultancousty aifow
the determination of mierferences for each PCOB congencr and clhimimate varabilin
from repeated injections of the sample [3.8], The determination of techmical Aroclory
nuxtures {total PCBsy and organochlorine pesticides i va
reported as an average of the results from the two columos, but the quuntita
procedure was not discussed further [K].

The precision of the quantitation procedure depends on the mode of ml'hr;v
tion. Many electron-capiure detectors display non-lincar response curves [6.1010 As
PCB congeners in environmental sumples show a wide range of concenirations. c;xh»
bration is a possible sourco of error in the quantitative analvas of PCRs.

s differed by more

cious samples has been

PXPERIMENTAL

Chemicals

PCB congeners were sclected on the basis of toxicity and persistency [3.5.11] for
a study of chlorinated organie micropollutants in marine mammals In the following.
the PCB congeners are referred 1o by their ITUPAC numbers {4 iiu‘- molecular struc
tures of the PCB congeners in the calibration mixture are hsied in Table T The PCB
standards were purchased from Ultra ‘9cichic E’rsmmuhu:y ,,xm!m dee Isotope
Laboratortes and Commuruty Burcan of Reference. FREC. The puriity was greater
than or cqual Lo 99% and the POBs were not punhcu i‘uzvz‘m‘z" hefore ase, E’(‘H- R
-136.-70 and <95 were generous gifts from Do b G Hapsen s mensdity of Hinons.
Urbana-Champaign. 1L USA;

Pentachlorobenzene. hoxachlorobenzene and p.p-DDE were found in the PCH
fraction from the clean-up of samples and were mdudp(? i ihe wnm-;m-\m standard
mixture. POB-33 and POB-153 were used as internad standands, as recommended by
Wells er «/. [12]0 as these compounds are not found i techmicat PCE fomm

Hations and
are thus unhikely to accur i the environment, Octuchloronaphthalene 1OCNY was
tf,\‘cd as alate eluting internal standard. Any one of the three iernal standards could
be used for quantitation. but POB-133 was usually preforred as i ched 1 the middle
of the PCB chromatogram. In total the mixture containgd 16 compounds, of which
three were internal standirds and two were recoven sandards (POB-3 s
PCR-19R) (10 ‘
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TABLE I

377

PCB CONGENERS IN CALIBRATION STANDARD MIXTURE

Pentachlorobenzene, hexachlorobenzene, p.p'-DDE and octachloronaphthalene are included in the mix-
ture, but not discussed further here. PCB-149 (2,2",3.4',5,6-H,CB) was added in later preparations of the
mixture. M,CB = Monochlorobiphenyl; D,CB = dichlorobiphenyl; T,CB = trichlorobiphenyl; T, =
tetrachlorobiphenyl; P.CB = pentachlorobiphenyl; H CB = hexachlorobiphenyl; H CB = heptachloro-
biphenyl; O.CB = octachlorobiphenyl.

TUPAC No. l-ortho®  2-ortho® 1CES¢ Other purpose

Structure

4-M,CB PCB-3 x4
4,4-D,.CB PCB-15

24,4'-T,CB PCB-28

24'5TCB PCB-31

34,4-T,CB PCB-37 X
2,2".3,5-T,CB PCB-44

2,2',5,5'-T,CB PCB-52 X
2,2',5,6'-T,CB PCB-53 x/
2,3',4'5-T,CB PCB-70

3,4,4',5-T,CB PCB-81 X
2,2'.3,5'.6-P,CB PCB-95

2,2'.4.5,5'-P,.CB PCB-101 X
23,3',44'-P.CB PCB-105 X X
2,3,3".4".6-P,CB PCB-110 x4
2.3.4,4',5-P CB PCB-114 X

2,3'.4,4',5-P,CB PCB-118 X X
2,2'3,3,4.4-H, CB PCB-128 X

2,2'.3.3,6,6'-H CB PCB-136

2,2'.3,44',5-H CB PCB-137 X

2,2'.3.44' 5-HCB PCB-138 X X
2,2'.4,4'5,5-H CB PCB-153 x X

22 4.4 6.6'-H CB PCB-155 x!
23,344 ,5-H CB PCB-156 X X
2,3,3'.4,4",5-H,CB PCB-157

2,3.34.4,6-H.CB PCB-158 X

2,3.44.56-H.CB PCB-166 X

2,3'4.4,55-H CB PCB-167 X

2,3,3'.4.4',5-H.CB PCB-170 X

2,2'.3.44'5.5-H,CB PCB-180 X X
23.3'44',5,5-H CB PCB-189 X

2,2',3,3'4.4'.5,5-0CB PCB-194 X

2,2'3.3,4,5,5,6-0.CB PCB-198 X!

“ Mono-ortho co-planar PCBs [2].

b Di-ortho co-planar PCBs [2].

¢ Compounds recommended by ICES [6].

4 Recovery surrogate standard.

¢ Non-ortho co-planar PCB. less toxic than PCB-77. -126, -169 [2].

7 Internal standard. Octachloronaphthalene is third internal standard.

9 Interfering compounds known from DB-5 (PCB-77 and PCB-110) [1.3].

A stock solution of the calibration mixture containing approximately 1000
ng/ml of each compound (PCB-3 = 43 000 ng/ml because of low ECD response) was
prepared in iso-octane. Standard calibration mixtures were made by diluting the
stock solution by volume.
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Samples
A number of samples originating from seals in the Danish part of the Wadden
Seua were analysed using the dual-column system.

Sample extraction and clear-up

The sample extraction and clean-up was a modified version of that of Jensen o7
al I3]0 A detatled desceripuion ol the procedure and the method validation study s in
preparation. The main features were as follows: 10 ¢ of homogenued sample were
biended three times with dichlforomethane methanoi (200 v vy an Uloa-Tuarvas
blender. The combined extract was shaken with aedificd water i aoeparating funnet
The organic phase wus filicred through aphydrous sodium sa;i}»!mic and the selvent
cvaporated. The residue was redissolved in hexane and tre with sulphurie acid
adsorbed on silica gel. The hnal clean-up of the extract was by chromatography on
basic alumimium oxide. deacuvated with 1% (w w) water
added 1o the samples and the volume of the extract wis adju
blubber samples were analysed at ditutions 1200 gnd 820
tssues at dilutions 1220 and andiuted.

Most of the samples were submitted 1o chromatography on (;n'impac%\ .
which retained the non-ortfi-substitated co-plunar PCBs (POB-37.-81, 277 -1 26 and
-169). These congencers were cluted from Carbopack O with i”luLHk and anabvsed iy
isotope dilution technique and combined GO and mass spectromeiery (MSy Tor the
precise determination of the much Tower levels of these partionlar conge

nduards were

Lobvracts of

s,

Gay chromatographic analvsis

Analysis was performed on o HP-5890A (11} gas chromatograph with an
HP-7376 autosampler. The GO parameters were as 11»”«_)\&«‘ Column J&W DRB-3
(30 phcnylnwtlwlsi]icunc» 60 m=0.23 mm LD O T o 0 and column 20 T&W
DB-1701 {(14%, cvanoprops \hgn\l) 60 m = 0.2% mm | D (;‘, RITI TR
> ulof sample was n\cd with asplitfess tme of T and
an injector temperature of 2307C, Detection was with bwe U1 eloctron-capture de-
tectors operated at 300°C The carrier gas was heltum, wi i
170 kPa, corresponding to « Hnear low-rate ol approxinueh
murke-up gas was nitrogen si o ow-rate of 30 ml min. The wom
P then 90 o 1807C at 25 € pan. 180°C or 2 min, thoen |
220°C for

.

The columns were connected to the injector by 1

v splitless injection of

2mins then 220000 27570 ot Y min and fHoaliy

column and a glass T-piece. The eollection and processing oi'c

a Veetra QS720 PCowith HP

cmistation '»m!“m;xz'a:
RESULTS AND DISCUSSION

Oualitative analysis
Chromatograms of the entire calibration mixture and reienton times on the
two columns have been given previously [3]. The identitication of the congeners wis
on the basis of /. where the Chemstation software wsed the three internal standards
f
|

o adjust the v values of the calibration wble to 7y valies of the sampic |

rolerance of e mm used 5

stability of the fe value

vorhe mrermal standirds and OO0 Yo the

d ection volume huave been deseitbed pry
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Fig. 1. Response curve fits for PCB-101 showing power, second-order, linear, exponential and logarithmic
fits, The X-axis units are the injected amounts of PCB-101 in picograms and the Y-axis units are the peak
heights of PCB-101 relative to the peak height of the internal standard PCB-155 (IS-2).

Quantitative analysis

The instrumental detection limit was calculated as 3SC; (ng/ml), where S is the
standard deviation of the response [peak heights relative to the peak height of the
internal standard PCB-155 (H/Hs)] for three injections of standard calibration mix-
ture with a concentration C; = 5 ng/ml. The values ranged from 0.1 to 0.5 ng/ml
injected. In samples, the detection limit could be higher, corresponding to the degree
of dilution of the extracts. Dilutions were required as a result of the large amount of
sample used, which was in turn required by the low levels of non-ortho co-planar
PCBs present in the samples.
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The response of both the clectron-capture detectors in the svstem wis non-
linear and thus multi-level calibration was required Tor the simultancous deternina-
ton of the range of concentrations of individual PCB congeners present in marine
nammal samples. The Chemstation soltware provided five possible mathematical
functions o use as calibration graphs (lincar. power. y\p\m» m;s:, fogarithmie and
second-order ity and three wavs of handling the origin Gas o data point. i
connected 1o the Towest data point by a straig e Eiu‘ il %h,ud calibranon
standard solutions {3, St 06, 250 and 300 ng miy were analysed by the dual
columm system, and the varieus carve lits applicd to the daie for POB-10T (Frg. |
PCB-101 was representative of the remaining PCBs with
the response graph. The exponential and togarithnic fits were not
tions. Among the remaining three fits, the power l i (:z:c”a vichded vatues which were
too fow at the high fevel of POB-101. whereas the second-order :

nored o

respect o the appearanee of

usetud as it fune-

SEFTASE

ftted the data well, The hnear (it overestimuted the middie-les of concenirations and

did not pass through the crigim, The three tvpes of Bt wore comnared By caleulaung

the relitive error as o perceniave:
i3 by

Relative error = ¢4, RS K 1T S (1

LITEHE BN

where Y 15 the caleulated response of the PCB congener with TUPAC number .
and X8 the actual measured response for the same congener. T'or a representaiive
congener. POB-101 (Fig. 21 the results indicated that the incar it had o harge refative
Gt error atlow concentratinns. The power it and the second-order G were compar

TR b ke L TS

Ing@cted amount

=)

Fig. 2. Relative fit error (% for the three hest firs: power, second-order and Hcar #n the coneeniration

range 3 300 py POB- 101 injected. Power fitis the best choice o the concentration range S I3 gm0
C N

-
o]

jected onto cach columny, This corresponads 1o o calibrated ranee o the detoction m

e
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Fig. 3. Coefficient a (C) and power b (A) of the power fit function «.x” of each analysed PCB congener as a
function of the number of chlorines. The value of ¢ increases with degree of chlorination, whereas 4 is fairly
uniform for different degrees of chlorination.

ble with respect to relative error, except near the detection limit where the power fit
had the lowest relative error. Based on this, the calibrated range was narrowed down
from detection limit up to 250 ng/ml, and the power fit method was chosen for all
PCB congeners. As a result of the relatively large number of analytes, only four
calibration levels were used, namely 5, 20, 100 and 250 ng/ml, because of the limita-
tions of the software in data handling. As the power function passes the origin by
definition, the origin was ignored as a data point.

For each PCB congener in the mixture, and for both columns, the best fit of the
power fit function, based on the least-squares method, was then calculated during
calibration. The fit was characterized by coefficient a and power b (ax?) in the fit
function, and a correlation coefficient 2. The value of r* was in the range 0.998-1.000
for all PCB congeners (n=30) for both the DB-5 and DB-1701 columns. The fit
parameters for each PCB congener on the DB-5 column were plotted versus the
degree of chlorination (N¢) (Fig. 3). The power of the fit function (b) was seen to be
fairly uniform for the different degrees of chlorination, whereas the coefficient (a)
increased with degree of chlorination. This finding was consistent with literature
reports of increasing response factors (RFs) with increasing numbers of chlorines
[1,4] from linear or single level calibration.

The values for the coefficient (¢) and the power (b) of the fit functions from the
two columns were compared for all congeners by a two-tailed Student’s 7-test. A
significant correlation (p = 0.05) between both the a values from the two columns and
between the b values from the two columns were found. This was taken to indicate
that similar calibration functions apply on both columns and detectors.

If a larger calibration range was used, the second-order fit was preferable. The
fit error near the detection limit was reduced by plotting a straight line from the
lowest calibrated point to the origin.

The stability of the RFs was investigated to determine how often recalibration
should be performed during larger numbers of analyses. An RF was calculated and
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e tend g
Fig. 4. RFs [rom three complete calibrations. performed approximately W days apart. + = June 2oth.
1990, = July 7th, 1990 and < July 19th, 1990, The RFs show o smalt decrease during the period. A

lincar range. defined as o range with o maximum ol 0% varigtion i responss factor., could only be

detined for small concentration sonees (107, is upprosimatels ope divison ot the -avss

compared for (1) six repeated injections of the same 30 ng/mi solution during 7 h of
analysis and (2) a number of sample batch runs over several divs,

RE = H (H > injected amount) (2

From the repeated injections of the standard solution. the R for PCB-101 bad
a relative standard deviation (R.S.D )y of 0.90%,. This indicated a very stable detecton
response during daily analvsis. It was therefore decided to recatibrate once every four
samples. to adjust the retenton times in the calibration table, rather than to adjust the
RFs.

The long-term stability of the detector response 1 three batches of sumples.
analysed about 10 days apart (Fig. 4). indicated a change w the RES during this
period. Hwas concluded that a complete recalibration at all four fevels was necessurs

prior to the analysis of @ new batch of samples.

Conmparison of guantiiative results from DB-3 qnd DB-I7071 cofumins
After the correction of any blank values. the difference between the Front and
Rear signals (DB-5 and DB-1701 columns, respectivelvi, 1,0 was caleulated as
h

pereentage for cach PCB congener analvie:

Tew = (Xpyos N OO s 4 Nppopon IR

X, ts the analytical result from column i ng/mband Ay s u pereentage. When 1,
was posttive. the DB-5 result was the larger value and vice versa. and the maximum
and minimum vatues were 4 100% respectively. The vatidity of 4, as un evatuation
parameter was tested on standard calibraton mistures and o number of samples of

blubber and other tissues from seals,

Calibrtion standards
The difference n the guantitative results from the DB-5 and DB-1701 columns
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was investigated for the 5, 200 100 and 230 ng/ml calibration standards, Forcach PCB
congener, App was calculated for all cv‘ls and subscquently the mean value of the
four calibration levels was caleadated. The results were all within the vange £ 2% as
shown in Fig. 5. This result indicates that the guantitative results from the analvsis of
calibration standards on the two columns were comparable and mdependent ol the

concentration level within the calibrated range for ol the POR congeners studied.

Comparison of standard mixiure and binbber exirac
The mean and standard deviavion for six injections of o 30 ng
mixture was compared to ~iv injections of a blubber extract (13, 011
the measurement of cach congener. indicated by the ¢
differences were observed between the guanttative resuits fo P PORB congeners in
the sample and i the standard puxture, The mean values of some congeners in the
standard mixture were not soro (PCB-30 104 127 21940 o resudt of the tact tha
the calibration was not performed on the 36 ngmi standard min
the four calibration levels 1 Fig. 5.

mi standard

h

W Varanee of

rror b was siradl, Significarn

S contrst o

Based on the maximum standard deviation of £ 2% the calibration stan-

dards i Fieo Soand the observed non-sero mean of 1oy in the nocalibrated standard
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mixtures in Fig. 6, a maximum value for 4gx of £ 5% was chosen as an estimate for
the insignificant difference between the two signals during sample analysis.

Analysis of animal tissues

Blubber samples from three animals and several tissues from one seal were
analysed and the values of Ay in the sample extracts evaluated (Figs. 7 and 8). The
blubber extracts were diluted 2-400 times. The tissue samples were analysed in se-
quences as given in the caption to Fig. 7.

In all samples, PCB-114 had a co-eluting compound on the DB-1701 column as
reported previously [5]. PCB-101 was overestimated by the DB-5 column (4dgr =
7-11%) in all samples. This was in accordance with earlier reports, which stated that
PCB-90 is a possible co-eluting compound with PCB-101 on the DB-5 column
[3,7,15], and that it constitutes about 10% of the peak at the g value of PCB-101 on
the DB-5 column [16]. PCB-138 was overestimated on the DB-5 column (Agr =
3-11%). This was in agreement with the results reported by Larsen and Riego [7], in
which PCB-163 (2,3,3",4',5,6,-H,CB) was identified to constitute 10-30% of the peak
at the g value of PCB-138 in various environmental and technical samples analysed
on the DB-5 column. Williams and Lebel [9] also reported consistently higher values
(about 10%) for PCB-138 on an SPBS5 column relative to values found by a more
polar SPB35 column. In all samples, p,p’-DDE had positive values of Agx (13-30%).

In the tissue samples, PCB-170 was overestimated by the DB-1701 column

100

Difference between DB-5 and DB-1701 [%]

LU LI Kl BL AD BD BR HE SP MU LY
Tissue code

101 138 EEEEE 156 L 170 1 137

Fig. 8. Difference between analytical results from the DB-5 and DB-1701 columns as a percentage (4g )
for selected PCB congeners, in extracts of various tissues from one seal. Capital letters = tissue code in
figure, date of analysis of batches in parentheses: LIver/LUng/Kldney (May [8th, 1990), BLubber (July
6th, 1990), ADrenals/BlooD/BRain/HEart (July 19th, 1990) and SPleen/MUscle/LYmph nodes (July
26th, 1990). The value of A, of PCB-118 follows the batch; a possible co-eluting compound on DB-5 was
PCB-149 [3,15}. '
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(A = 710 — 28%). The value of Ay Tor PCB-156 i tissue samples was general-
Iv positive (g = 1 10 35%), in contrast to what was found for humance wl p(m
samples analysed on SPBS and SPB35 columns {9, The |
tissue samples followed the baich. The quantitution of ¢
sensttive Lo separation from a close eluting congencr. possi (2.3
H.CB) on DB-3 [3.15]. Thoe separation of PCB-118 :5‘1% P B-149 was lnier
Fig. 9) and was better on the DB-1701 column than on the DB-= column: PO
wits nol present in the orrginad sl lard calibration maxture, -
oreparations of the standarvd mixture. The analysis of Blubbe
standard preparation revesded | ( B-149 10 be present 4t sow
i llustrates that the abiliny o separate CB-149 118 oy
hatch of tissue samples (spieen muscle lxmph nodess

v behaviour oF POB-1TTR
[ stremels

s nciuded b

cxtracts with the now
ai lovels to POB-1IE

PCB-105 was notidentificd on the DB-3 colunn in sone samplos. possiblv due
1o incomplete xqmmuu.‘ from POB- H W lmh wis !}h most abundant PCR congen-
or i adh anatvsed samples. PCB-132 (nunory could mnfluence quantitation on both
columns [17]. but was not part of the dJ’hll\Lxdl programite. Phe separabon ot
PCB-132 and PCB-105 seemed most eriticat the DB-~ colummn, 17O co-cluted
with POB-IR0 (imajor congenery on the DB- l 01 colum Favas ondy detecied on
DB-5 in all samples analysed (e = 100%) PO BJN\ co-cluied with the seeond
most abundant P(‘H congener POB-138 on the DR-170T ¢ t.oannd s onby e
weted o PB-S (U o T00% i ol samplesy PUR-L -
separated on thc DB-170-calumn. but only jusl s
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PCB-167
PCB-128
PCB-156

PCB-157
PC3~-180

PCB-180

PCB-128

PCB-156

Fig. 9. (A) Critical chromatographic separations of PCB-118 and PCB-149, PCB-153 and PCB-105 and
PCB-138 and PCB-158 in a standard mixture (upper panel) and a seal blubber extract (lower panel) on the
DB-S column. (B) Critical chromatographic separations of PCB-118 and PCB-149, PCB-153 and PCB-105,
PCB-138 and PCB-158 and PCB-157 and PCB-180 in the same standard mixture (upper panel) and a seal
blubber extract (lower panel) as in (A), analysed on the DB-1701 column.
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the variation from the calibration standards as discussed eurlier. Either of the two
results may be used. Erickson [4] proposed the use of the average value.

(33 1 the [y g] value is Targer than 5%, the fowest guantitatyve resuft s aceepts
cd. based on the assumption that the higher value was cuused by an unpurily oy
co-cluting congener. This is consistent with the procedure discussed by Erickson 4]
However. matrix interferences should be considered. for instance, v the anadyvsis of
waste oils, which may lower the ECD response of the POBs

Excepted from these eriteria are the following congenery:

PCB-105 is quantitated on the DB-1761 colummn, and the resalt is aceepted even
i n.d. is reported from the DB-3 colummn. The close eluting congeners on DB-> are
PCB-153 tmajory and PCB-132 éminor). Confirmaton analbvais oy be pertormed by
GC MS.

POB-157 15 quantitated on the PB-5 column. and the result is aecepted even i
n.d. is reported from the DB-1701 column. The close cluting congener on the DB-F
column ts PCB-180 (majory. Confirmation analysis mey be norformed by GO OMS,

PCB-158 15 quantitated on the DB-5 column. and the resuls s aecepted even it
n.d. s reported from the DB-1701 column. The close eluting congener on DB-5 b
PCB-138% (major). Confirmation may be performed on another polariiy column: con-
firmation by GO MS nat nossible as both POB-13% and POR-DAS are hesachlorinay
edd.

P(‘B—i(w'7 and PCB-128 should both he reported trom the DER-1701 columun,
even tone (PCB-167. nunoyi s wpmlcd as . d on the DB-5 colinn, Confirmation
may be performed on another polarity column, Confirmation B GO NS ot pos
sible as both POB-167 uad POB-126 are hv"\'whlw Tnated

I
I

ff 4 congener s reported from only one colimine the rosalt should be Tollowed

by the statenient “uncontirmd’

Recompienddations for the il vsis of marine naninal saiiples
I'he separation of POB-153 and POB-105 and the possible
was critical i all samples. The separation of POB-TES and PO
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recommended Tor logheresolution congener spociie PO

CONCLTISHONS
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injector via a glass Tesplit. and accordingly the variaion duc G rephivato mjection

wlﬂ\ﬂu‘\

Jrminated. Ths duabcolamm svsie
prove the quabte of POR {
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Non-linear multi-level calibration was required for the determination of specific
PCB congeners in marine mammal samples using this system. Power fit (¢x*) was the
best fit for the calibrated range from detection limit up to 250 ng/ml, whereas the
second-order fit (ax?+ bx +¢) was a better choice for larger calibrated ranges.

The dual-column analysis of blubber and other tissues from seals revealed that
PCB-101 and PCB-138 were overestimated by about 10% on the DB-5 column rela-
tive to the DB-1701 column. This finding is consistent with earlier reported work, and
the DB-1701 column is thus preferred as a quantitative column for these congeners.

The difference in analytical results from the two columns were evaluated as a
percentage, Apr. Adpr Was useful in the evaluation of the very large amount of data
from the dual-column system. A quantitation procedure based on the value of Apr is
proposed. In general, the smallest analytical result was accepted, with exceptions for
PCB-105, -158, -157, -128 and -167. These PCB congeners could be identified or
quantitated on only one of the two columns, and accordingly other techniques are
necessary to confirm the identity for these PCB congeners. A 5% difference between
the DB-5 and DB-1701 quantitative results is considered insignificant, based on the
overall measurement uncertainty in this automated capillary GC-ECD system.
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