-olychlorinated biphenyls

© (PCBs) were first produced in
the: United States in 1929 and
quickly found use in a wide range
of doméstic and industrial appli-
cations, PCBs were banned by
Cong:ress in 1976. Inadvertent
losses and mtentional dispesal of
products containing PCBs ulti-
mately. led to contamination of the

_environment on a. gIoba} scale.

_Becase of their pemstence and

toxicity, PCBs remain 2 peliutant -

.of concern, .
There are 209 theorcncally

possible PCB compounds (conge~ ‘

ners). The commerc;lal products

,(synthesrzed in the U, .S. undet the ,' :

trade name Aroclor) are complex

mixtures containing from 50 to 80"
. _congeners. Each mixture consists

.of different, but overlappmg,
assemnblages. of PCB congeners.
‘Because severil Aroclors were
useéd-in industrial and domestic
apphcatlons the PCB comiposi- .,
“tion of envnonmenta} Sampies is
complcx '

- Early methods of measunng
PCBS relied on coriparison of
sample gas chromatograms with
those obtained for one or more of

the commercial Aroclor mixtures. -
“The analyst was required to select .

the Aroclor whose-chromatogram
_most closely resembled that of the
* sample. Using one or a few peaks
- common to the'chosen Aroclor
and the sample, the concentration
of PCB was estimated in Aroclor
equivalents. If the sample chro-

. matogram appeared to contain
peaks from more than one
Aroclor, quantitation was per-
formed for each of the Aroclors.

chemnst Maniyn Castillo packs column in preparatson
for sampie aralysis.
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Selection of quantitation peaks is
problematic for some Aroclors
{e.g., 1254) because they contam
~only a few components not found
" in other mixtures, and these are.
generally in low abundance. We
refer to this general approach as-
-the *“Aroclor method” recognizing
that different laboratories imple- -
- mented procedural variations.

While this approach appears to '

‘have the advantage of simplicity,
- it requires subjective decisions on
the part of the analyst and is ouly

- a semi-quantitative assessment of

~ total PCB concentration. The

drawbacks of the Aroclor method k

" became evident as technological
" advances in gas chromatography
revealed the complcxn:y of envi-
ronmental PCB assemblages.

~ Fhe most obvious: problem is
. that PCB congeners in Aroclor.
rhixtures have a wide range of -

- -physical-properties., When
Aroclors are released to. the B
énvifonment, their composition .
can be altered dué to volatiliza-

tion, biological metabolism, and
‘adsorption. Moreover, there ¢an .-

. be anthropogemc sourges of no-
-, Aroelor PCBSK Because the ) '

S

Aroclor quantitation method their wto_)'(icity; Because of their
assames that sample composition stability, individual PCBs may be

is identical to one or more of the useful as molecular probes of
commercial Ifnixturcs, bias 1s - natural prbcesses
- introduced whenever non-Aroclor - As increasing numbers of
compositions are encountered. - laboratories adopt congeners
A second problem is the. ‘specific methods, the question
. compositional similarity among - will be raised about comparability
the Aroclors. This leads to over- of the data with the Arotclor
lapping chromatographic patterns  method. Th;s is important in.
(coelution) which ¢an cause over momtonng programs that assess
estimation of the total PCB-- enviroimental change over time,
(2PCB) concentration when particularly in response to regula-
peaks cominon to twe or miore . tory action, and i n mter—labora—
Aroclors aré sclected for - tory compansons ‘
quantitation. SRR Thrs article is-about the -
Efforts have been made over - sounrces and magnitude of bias
the last decade to improve the .- ‘during the instramental calibra:
.analytical cheriistry of PCBs '+ tion step. (gas chmmatographyl
(Peilizzari ef al. 1985). This has" electron capture detector; GC/

led to the development of © ‘conge-  ECD). No single hlgh resolutlon

ner-specific methods™ to ldentzfy , chromatographm column has yet

-and quantify ir;djyidual PCB-' been demonstrated to'separate .
cotigeners. These methods.can (with basehne resolution) all 209
produce morg accurate resufts for  PCB-tongeners. Because i lsomenc_‘_ C
enyironmental s&mplés whose  ~ PCBs exhibit varlablc ECD.

PCB composition is not identical- Tesponse, Errors- can drise when

to that of the Aroclors, The . . ‘WO or more congeners are
methods provide information on’ present in a sinigle chromato-

‘the environmental d1smbut10n of - - " graphic peak Recentcharacter- -
mdlwdudl compounds whxch is. .. izations of Aroclor composmons

. important since PCBS dlffer in by muludlmcnsmnal GC (Shulz et -

'E‘ab!e ’é

Summary of Aroc!or composatlons denved from Shulz exal (1989) who analyzed the Arcclor m:xtures by muitudlmenszonal-'
GC/ECD ‘ Lt . -
- Aroclors
1016 1242 - 1254° 1260, 1:a1®
Total number of peaks 35 s sy si4 g6
Percent multicomponent peaks 40 © 38 29 26 36

Weight percent multicomponent peaks

76 71 63 67 67

#1:1:1 mixture of Aroclors 1242, 1254 and 1260




Figure 7.

Estimates of pctential bias during quantitation of muiticompeonent peaks in
Arociors 1016, 1242, 1254, and 1260 under worst case scenario [see text for
explanation]. Response factor data produced on GC/ECD systems by A} Muliin et
ai. {1984} and B} Cooper et al. (‘5985}
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"~ al. 1989), and compilations of
GC/ECD response factars for all ; — -
209 congeners (Mullin et al. Materials and
1984, Cooper et al. 1985), allow Methods

us to estimate the bias associated

with this critical step. This will Sediment samples collected
assist the bench chermnist inter- from Los Angeles Harbor (see
ested in using con_gener-spc(_;iﬁc PCBs in Los An_geles Harbor in
procedures by showing how bias this volume) were used to com-
can be reduced. It also provides pare the congenet-specific

some insight into the sources and method (Eganhouse ef al. 1989)
magnitude of bias associated with  and the Aroclor method (Hu er al.
the Aroclor method. 1980). -

The congener-specific method

uses a secondary calibration stan-
dard consisting of equal amounts of
Aroclors 1242, 1248, 1254, and
1260. This standard contains about

130 congeners and yields 90 peaks.

Sample chromatogram peaks are
quantified by direct comparison
with the calibration standard using
the internal standard method.

Resuits and Discussion
Bias in the Congener-
Specific. Method

Individual Aroclors are eharac-

- terized by 35 to 55 reselved chiro-
‘matographic peaks; a mixture of -

Aroclors contains as many as 86 .
peaks (Table 1). Many-of the peaks
are composed of more than one
PCB congener. Multicomponent

- . peaks represent most of the total

PCB by weight, Because PCB

‘congeners exhibit highly variable

GC/ECD responses, use of a singlé
congenger for calibration can lead
to bias when a multicomponent -
peak is involved. Bias can.be

. significant because a large propor-.

tion of the PCB peaks consist of :
coeluting congeners.

We estimated the bias intro-
dueed during GC/ECD calibration
unider several hypothetical sce-
narios. In the first scenario, the
congeners selected foi calibration
of multicomponent peaks represent
cither the highestor lowest relative

" response factor (RRF). We assume

that the peak is compased of one
congener with the other extreme
RRF value. This is a worst case
scenario for computing the poten-
tial bias (PB) for individual peak
and total PCB cencentrations.

PB={(RRF:RRF)/RRF }*100 (1)

where RRF is the relative re-
sponse factor (i.e. {[area] ety J
[amount] dste Y {[area]IS/
[amount] .} for congeners i and j




representing maximum and mini-
mum RRF values. The internal
standard (IS) was octachloro-
naphthalene.

The PB ranges from as much
as 600% to less than 2% (F1_gure
1). Potential bias is greatest for
peaks that contain congeners with

* high and low degrees of chlorina-

tion. Bias is less than 100% for
the majority of multicomponent
peaks. Comparison of individual
peak PB values for the two data
sets shows that use of the samie
calibration compounds on differ-
ent GC/ECDs yields different
results. Bars marked with an
asterisk identify peaks where the

- sign of the bias-is reversed for the

two laboratories, assuming the
same congeners were used for
 calibration. This indicates that use
of the same congener-specific
calibration standard on different
GC/ECDs will result in variable
inter-instrument bias. The sign
and magnitude of the bias appeirs
to depend on the peak in question,
the compounds used for calibra-
tion, and the response of each
GC/ECD. These are the only such
data sets available, and we do not
‘know whether the RRF data are

representative of those from other -

laboratories. Consequently, it is’
unclear whether the PB estimates
represent an upper limit,

 In the second scenatio, the

- composition of each of four
Aroclors has been modified so
that multicomponent peaks
contain only one congener (an
RRF extreme). The compaositional
data reported by Shulz er al.
(1989) were combined with the
bias estimates (Figure 1) to
determine the potential bias in

Y PCB conceniration. While this
stmulation is improbable—in that
only muiticomponent peaks were
altered—it is a worst case esti-
mate of bias in 2PCB due to
calibration with individual conge-

Figure 2.

Potentia! bias in total PCB concentration due to calibration with individual
congeners, See text for explanation. Response factor data produced on GC/ECD
systems by A} Mullin et al. (1984) and B) Ccoper et al. {1985).

A
100-- \
® 80+ § . -
e NN
o s ?}%: : §80 § |
& 40 \ \ ' S 1;50

“ners.. Aroclors dominated by |

either the lower or higher chlori-
nated congeners are subject 1o the
greatest PB (Figure 2). The worst

case is Aroclor 1016, which ecould -

be in error by about 100%. The
PB estimates for Aroclors 1254,
1260, and the three- Aroclor mix
are surprisingly low (<40%).
Although the trends among
Aroclors are the same for the two
sets of data, the magnitude of bias
is GC/ECD-specific. This may
explain why laboratories often

obtain close agreement in inter-
laboratory comparisons of siiiple
PCB solutions with easily resolv-

" able congeners, but rarely obtain
agreement when actual samples -
are analvzed. :

In the third and more realistic
scenario, the corgeners Selected
for calibration are the dominant
constituent of each multicompo-
nent peak in the original Aroclors.
This situation applies to analysts
implementing congener-specific
procedures and using, as a basi




- for compound selection, the data
provided en Aroclor compositions
. by Shulz et af. (1989). Using the
-RRF results obtained by Mullin ef
- al. (1984), we computed thé bias
that would result if the dominant.
congeners (of-each chromato-
graphic peak) were used for
calibration during quantitation of
-the Aroclors (Figure 3).
* The greatest bias involves the

~ lower and higher chlorinated
congeners. However, the magni—
tude of the bias is substantially
reduced over the PB. Bias for -
1individual peaks nevér exceeds
'55%. Tetra-, penta- and hexa-

chloroblphenyls have much lower

variation in ECD response; peaks
containing these congeners have
less bias. Not surprisingly, the
average blas associated with

" multicomponent peaks in Aroclor

1254 is lower than those of
Aroclors containing greater
amounts of the higher and lower
chlorinated congeners (e. £ 1016

- and 1260). Because the sign

varies, calibration bias for indi-
vidual peaks is effectively can-
celled and total PCB concentra-

tions devidte from actuai concen-
: tratlons by less than 1 2%.
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If the total PCB concentration

is of interest, using the dominant

constituent of each multi-compo-

nent peak (in Aroclor mixtures)
‘for calibration leads to-little bias.
‘On the other hand, if the PCB.
concentration of individual nmiu—
component peaks is of interest, =
bias will vary depending on the
peak under consideration. This
simulation.examined the' bias
‘associated with quantitation of
unaltered Aroclor mixtures; it

_ enly approximates the results one
_ might obtain with aliered '

Aroclors. In the latier case, bias "
for individual peaks could in-
crease or decrease dependmg on’

, peak composmon ' :

‘EBaas inthe - .
Arocior Method

In the past, fnany laboratories - -

'(mcludmg SCCWRP) pérformied
GC/ECD calibration with indi"
* vidual Ardclors. One or more
. chromatographic pcaks were
selected to represent the Aroclor
_“of interést, The areas under these
peaks wers: directly compared 4
with the areas of peaks eluting in
the same region in the sample
. chromatogram. Quantitation of

. 2PCB as spe<:1f1c Aroclor's may

be biased because: 1) twe or more
congeners with different RRFs -
coelute (multi- -component prob-

. lem) and 2) the same Congeners
eccur in more. than one Aroclor

" (overlapping assemblage prob—

lem).
There is a significant amount

of overlap among Aroctors 1242,

1254, and 1260, particalarly for

chromatographic peaks of PCBs -

with four to seven chlorines
(F1gure 4). Aroclors 1242 and -
1260 appear to have numerous
resolved peaks free of major
interferences from the other
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- Contributions of Aroclors 1242 1254 and 12&60to Ind Mduai peaks i a hypotheti— -

cal 1:1:1 mixture: A) 1242.81 1254, C} 1260, Letters “a", “b", and "¢” are quantitation
peal for Arotlor 1254 {cf. Table 3} ' .




Aroclors. The interference-free
peaks that contain only one
congener are candidates for
calibration with the Aroclor
method. In contrast, Aroclor
1254, one of the most commonly
reported mixtures in environmen-
tal samples, suffers from exten-
sive coelution with components
of the other Aroclors.
Computation of the bias

associated with quantitation of
1254 in the presence of other
Aroclors may reveal problems
associated with historical environ-
mental data based onthe Aroclor
method. We selected three peaks

{congeners 77/110, 153/132/105,

and 138/160/158; (Figure 4) that
have been used by SCCWRP in
the pastto quantify Aroclor 1254,
Data from Mullin et al. (1984),

Cooper et al. (1985), and Shulz et
al. (1989) were used to calculate
the bias (Table 2) associated with
quantifying a 1:1:1 mixture of
Aroclors 1242, 1254, and 1260
(Table 3). :

Bias ranges from 60% to
230% and varies from one quan-
titation peak to the next. The
variation is cdused by differences.’
in peak composition of each

Table 2.

Estimated bias due to quantltataon of Aroclor 1254 the presence of cther Aroclors

m

{conc] . [W] } )

[cong. ] —Z
T mtx k=1
where: .
[cnnc] = concentration of congener i of the

quantltatlon peak in the. Araclormixture;
[conc] = weight percent of congener in Aroclor K|
m = number of overlappmg Aroclors that contain
congéner i; and .

| [W A= weight fraction of Aroclork

Bias =

{%{ feonic] .+ RRFij}}-;El, {'c‘énqi] - | -

RRF

i

. n N
;21 [conc], e

—,}::1 [conc], (W),

iﬂl [_c'on'c-iI

where”

RRF, = relative response facior for congener i in the quantitition peak:;
n = total number of congeners in each peak; and -

q = Areclor quantitated.

keq (Wf) k=q '

— . 160 (3)

~

Tabie 3.

Estimates of bias as;oqated W|th quantltat:on of Arocict 1254 usihg the “Aroclor Method” fora 1:1:1 mixture of Aroclors 1242,

.k 254 and 1260

Aroclor abundance® (%)

Bias () _
Multicompenent Mﬁllin"- ? Cooper® 1242 | 1254 1268
Peak® :
77,110 63 - 203 60.1 19.5
105,132,153 - 146 176 7.0. 38.0 53.0
138,158,160 208 227 44 324 63.2
Mean (SD°) 139(73) 202 (36) |

Based on RRF data of Mullin er !, (1984).
“Based on RRF data of Cooper eal. (1985).

“Standard deviation.

"Peaks containing several congeners based on data of ShuI7 ef al. (1989).

Contribution of each Aroclor to ¥PCB in cach quantitation peak.
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“and biogeochemical studies. &

peaks selected for quanutatmn

. (Figure 4), the composition of

gach sample (equations 2 and 3},
and the analyst’s assumptions

. about which Aroclors are present.

Although it is unhkely that'the
hypothetical composmons upen
which we based our estimates of
bias eccur 1 the environment, it
is clear that the bias associated
with the Aroclor method can be
Ia.rge

‘Conclusions

" There is little-justification for-
using the Aroclor method to
quantify YPCB. The potential
bias associated with this approach. .
is variabl¢ in sign and magnitude. -

- The major factors that determine
* the magnitude of bids mclude the

peaks selected for quanutatmn

: the relative abundances of the
contnbutmg Aroclors, and the:

composition of overlapping
Aroclors (for mulncomponent

B npeaks) The mégnitude of bias can

vary between laboratories because
of mstrument»spemﬁc dlffcrences
in the. GC/ECD response of -

" )1nd1v1dua1 congeners and: dlfferw

enges in peak selectmn proce~ v

. dures. i

. The post hoc esumatlon of

“blas 1$ comphcated because

several factors contribwe to it ‘

~ during ealibration. No ‘method is

available that can completely
resolve all 209 PCB corigeners on

“a single high resolution capillary

column. However, using conge-
ners that represent the dominant
components of multicomponent
peaks during calibration reduces
the error for Y»,PCB to extremely
small Tevels. This approach is
recommended because it yields
more accurate results and more -
mieaningful data for toxicological
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