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The development of congener-specific techniques and the availability of 13C labelled
standards have improved PCB determinations in environmental samples. Congener
specific PCB analysis provides critical data on targeted PCBs enabling meaningful
measurements and risk assessments.  However, congener specific PCB analyses at
trace levels still represent a challenge to the analytical and environmental chemist.
Background contamination and calibration remain as the two major problems.  

Background contamination can be traced to laboratory air, solvents, and adsorbents1.
The air in the laboratory is believed to be the major contamination source, with indoor
air concentrations of PCBs higher than those routinely measured outdoors. The air can
contaminate samples during their storage and cleanup, as well as calibration
standards.  Method blanks often show high pg to low ng level of PCBs, particularly PCB
180, 170, 182, 138, and 153.  It is interesting to note that many investigators have
encountered similar background problems in their laboratories2,3. We concluded that it
is impossible to completely eliminate background contamination. Background
subtraction is not a practical approach due to large variation in the background level in
the method blank. Currently, in our laboratory, we try to enhance the signal by
increasing the amount of sample used.  This is not always possible, however,
particularly with small biological tissues, such as human serum or adipose from
biopsies.  If a large sample is not available, only the results of “reportable congeners”
are reported.  To be a “reportable PCB”, the congener pattern in the sample should be
different from that in the method blank and the level of the individual PCB should be at
least 10 times higher than that in the method blank. 
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The second problem in quantitative trace congener specific analysis of PCB is the
selection of a reliable method for calibration. Calibration based on published response
factors for ECD have failed because of the poor reproducibility of published data. There
is little published information on MS-SIM response factors. Since MS-SIM is the most
popular detection method used for congener specific PCB analysis, we have sought to
determine if the published response factors can be used for calibration of MS-SIM, and
if not, to suggest an alternative method. 

A mixture of 41 12C12-PCB standards (see Table 1) from Cambridge Isotope Laboratory
was used to obtain response factors. The 41 12C12-PCBs were mixed with 10 13C12

labelled PCBs (PCB #s 28, 47, 52, 101, 105, 118, 153, 180, 194 and 209). The
concentrations of 12C12 PCBs ranged from 25 to 100 pg/uL; 13C12 PCBs were 25 pg/uL.
Data were acquired on a Varian 3400 GC with a 60 meter DB – 5ms column coupled to
a Finnigan MAT 90 high resolution mass spectrometer operated in SIM mode. The two
most intense ions in the molecular ion cluster were monitored. Table 1 shows the
relative response factors of 41 PCBs vs. PCB 209. It can be seen that the relative
response factor (RRF) of the most intense ion in the molecular ion cluster decreases
with increase of chlorination. This suggests that there must at least be one standard for
each homologue group. It can also be seen that the variation in relative molar response
factors of single ion (RmRF ) is not significant and the relative molar response factor of
molecular ion cluster (RmRFc ) increases slightly with  increase of  chlorination. The
CV is less than 20 percent for injections over two days (runs A through E). Within each
homologue group, the RRF varied  for  different isomers. For low chlorinated
congeners,  the variation can reach a factor of two, which indicates that more than one
standard is needed for these homologue groups.  

Since only 41 PCBs out of 209 possible congeners were tested in this laboratory, two
literature data sets were compiled in Table 2 4, 5 , after recalculating the data relative to
the same congener. The PCB numbers in boldface in each homologue group represent
its reference congener, with the exception of nonachlorinated congeners (to PCB 209).
Table 2 shows that for highly chlorinated PCBs, i.e., hepta- and octachlorinated PCBs
(only one set data available for nona- and decachlorinated homologues), the RRFs
agreed well among the three studies. For these homologue groups, fewer calibration
standards or published RRFs could be used. For low chlorinated homologue series,
however, there are greater differences among the three sets. A possible explanation is
more coeluting peaks for tetra- and pentachlorinated homologues.  In addition,  there is
more variability in RRFs for the lower chlorinated homologues as shown by the CVs in
Table 1.        

In summary, it is unnecessary to use 209 PCB congeners to calibrate. Literature data
on relative response factors for high chlorinated homologues could be used for
quantification. A calibration mixture should always be used to check the response
factors. An ideal calibration mixture should not only include PCBs of environmental or
toxicological interest, but also PCBs representing different recovery characteristics and



detector response characteristics. We believe that it would be better to have two sets of
calibration standards, one for biological samples and one for environmental samples.
Since there are generally fewer congeners in biological samples, a mixture of the 13C12

standards listed above plus 4 coplanar (77, 126, 169 and 81) with their 12C12-
counterparts and a few other 12C12 congeners, such as 74, 99, 114, 156, 157, 167, 170,
and 189, could be a reasonable calibration standard. For environmental samples, an
acceptable calibration mixture should include the 13C12 mentioned above and a group of
12C12 congeners,  representing a group of congeners with similar response factors. Due
to the discrepancy shown in Table 2, more work needs to be done to decide which
congeners should be included.      
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Table 1. Relative response factors of 41 PCBs vs. PCB 209

1.001.001.001.001.001.001.001.00209
20.960.981.051.051.041.061.031.07208
70.840.870.930.840.920.930.931.03206
71.131.261.461.321.481.471.441.59205
30.740.810.940.980.910.930.910.95199
70.961.071.241.121.221.221.281.36195
60.921.031.191.101.181.191.201.30194
41.111.261.591.471.611.621.621.62191
40.790.901.131.171.151.141.051.15187
50.820.941.181.171.231.201.091.23183
80.971.131.431.351.351.491.351.60180
60.820.941.191.201.101.181.181.30177
50.830.951.211.121.201.181.231.30171
50.881.011.281.331.241.201.261.36170
90.911.211.681.541.701.631.611.92169
80.921.231.701.581.691.651.661.92156
30.971.261.751.701.741.711.761.83153
50.700.911.261.271.351.221.171.26151
80.700.881.221.271.321.111.281.13149
70.881.161.601.611.601.541.491.78138/158
60.650.841.171.141.221.091.151.26132
90.700.931.281.181.351.291.161.44128
80.771.121.711.601.671.671.661.96118
90.801.161.771.741.881.701.541.97110
160.550.821.251.101.251.261.091.57105
90.500.731.121.091.051.021.191.27101
60.480.691.050.991.071.021.021.1599
60.500.731.111.061.121.041.111.2295
90.400.590.900.840.910.850.861.0487
140.330.460.710.870.690.650.600.7582
120.751.192.041.762.121.902.022.3974
120.751.202.051.762.141.912.072.3970
50.460.721.221.201.161.161.301.2852
170.370.591.000.750.990.941.211.1049
190.390.641.091.030.940.911.151.4144
230.711.202.332.041.981.932.513.2133
130.791.252.432.002.482.222.592.8428/31
190.470.731.421.061.281.421.751.5717/18
CVRmRFRmRFRRFEDCBAPCBs



Table 2. Comparison of EIMS RRFs

1.050.771560.55*56
0.961551.4154

* possible coelution1.001.001.001530.8153
0.760.691.031511.230.910.9252

0.611.131490.8051
1.002090.771481.180.780.8649

Deca- PCB isomers1.011460.7748
0.982081.031441.050.9047
0.872060.831.071411.0746

Nona- PCB isomers0.840.97*0.98*1380.9945
1.221.362050.901361.001.001.0044

0.97*2031.121350.6542
1.362021.101340.69*41

1.042010.690.981320.801.0440
0.730.801990.97131Tetra- PCB isomers

1.161980.931301.001.001.0033
0.97*1960.991291.24*32

1.041.001950.830.790.711281.230.76*0.9231
1.001.001.00194Hexa- PCB isomers0.9830

Octa- PCB isomers0.791241.1229
1.031931.900.881181.030.76*1.0828
1.14*1920.57*1130.8727

1.310.931911.910.581101.030.8726
0.971901.531050.9025

0.941.11*1870.991.230.75*1011.0024
0.971851.110.57*990.9722

1.001.001.001830.990.60970.9721
1.11*1821.190.79951.3119

1.301.141800.61*920.42*1.4118
1.011790.75*900.42*1.3817
0.981781.001.001.00871.24*16

1.051.201770.61*84Tri- PCB isomers
1.181760.730.80821.001.0015
1.26175Penta- PCB isomers1.0214
1.151741.130.61770.9312
1.14*1720.63*761.0311

1.051.021711.70740.8110
1.101.171700.69*720.970.839

Hepta- PCB isomers0.69*711.100.938
1.051691.461.700.63*700.990.837

0.681671.400.67660.676
0.98*1641.74650.905.00*
0.98*1631.48610.541.514

0.97*0.841580.55*60Di- PCB isomers
Ref5OursRef4PCBsRef5OursRef4PCBsRef5OursRef4PCBs
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