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Abstract
Studies of environmental and toxic effects of polychlorinated biphenyls (PCBs) are ideally performed
with PCB mixtures reflecting the composition of environmental PCB profiles to mimic actual effects
and to account for complex interactions among individual PCB congeners. Unfortunately, only a few
laboratory studies employing synthetic PCB mixtures have been reported, in part because of the
challenges associated with the preparation of complex PCB mixtures containing many individual
PCB congeners. The objective of this study was to develop a PCB mixture that resembles the average
PCB profile recorded from 1996 to 2002 at a satellite station of the Integrated Atmospheric
Deposition Network located at the Illinois Institute of Technology (IIT) in Chicago, Illinois, using
commercial PCB mixtures. Initial simulations, using published Aroclor profiles, showed that a
mixture containing 65% Aroclor 1242 and 35% Aroclor 1254 was a good approximation of the target
profile. A synthetic Chicago air mixture (CAM) was prepared by mixing the respective Aroclor's in
this ratio, followed by GC/MS/MS analysis. Comparison of the PCB profile of the synthetic mixture
with the target profile suggests that the synthetic PCB mixture is a good approximation of the average
IIT Chicago air profiles (similarity coefficient cos θ = 0.82; average relative percent difference =
84%). The synthetic CAM was also a reasonable approximation of the average of 184 PCB profiles
analyzed in 2007 at 37 sites throughout Chicago as part of the University of Iowa Superfund Basic
Research Program (isbrp), with a cos θ of 0.70 and an average relative percent difference of 118%.
While the CAM and the two Chicago air profiles contained primarily di- to pentachlorobiphenyls,
higher chlorinated congeners, including congeners with seven or eight chlorine atoms, were
underrepresented in the synthetic CAM. The calculated TCDD toxic equivalency quotients of the
synthetic CAM (2.7 ng/mg PCB) and the IIT Chicago air profile (1.6 ng/mg PCB) were comparable,
but lower by two orders of magnitude than the isbrp Chicago air profile (865 ng/mg PCB) due to
surprisingly high PCB 126 levels in Chicago air. In contrast, the calculated neurotoxic equivalency
quotients of the CAM (0.33 mg/mg PCB) and the two Chicago air profiles (0.44 and 0.30 mg/mg
PCB, respectively) were similar. This study demonstrates the challenges and methods of creating
and characterizing synthetic, environmental mixtures of PCBs.
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1. Introduction
Congener profiles of polychlorinated biphenyls (PCBs) found in environmental samples are
complex and frequently do not reflect the composition of commercial PCB formulations.
Depending on their three-dimensional structure and their substitution pattern, PCB congeners
bind to different cellular target sites and cause adverse effects by a variety of different
mechanisms. For example, PCB congeners with multiple ortho chlorine substituents may bind
to or activate the constitutive androstane receptor (CAR) (Denomme et al., 1983) and/or the
pregnane X receptor (PXR) (Schuetz et al., 1998). Other ortho substituted PCB congeners
interact with both the aryl hydrocarbon (Ah-)receptor and CAR (Parkinson et al., 1983). PCB
congeners with zero ortho-chlorine atoms avidly bind to the Ah-receptor (Bandiera et al.,
1982) and elicit a toxic response mimicking the action of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) (Goldstein et al., 1978; Safe, 1994). In addition, PCB congeners with multiple
ortho substituents sensitize Ryanodine receptors (RyR) (Pessah et al., 2006), an interaction
that has been shown to be enantiospecific in the case of PCB 136 (Pessah et al., 2009). Aside
from receptor-mediated responses, lower chlorinated PCB congeners may be metabolically
activated in vitro and in vivo to reactive intermediates, such as PCB epoxides, quinones and
hydroquinones (Robertson and Gupta, 2000), which in turn can react with cellular targets or
result in the formation of reactive oxygen species (Arif et al., 2003; Lin et al., 2000; Robertson
and Gupta, 2000; Zhao et al., 2004). Primary metabolites of lower chlorinated PCBs may have
a high affinity for the estrogen receptor (ER) (Korach et al., 1988) and, thus, may cause
estrogenic effects.

The complex composition of environmental PCB mixtures and the different modes of action
represent a significant challenge for both environmental and toxicity studies, partly because
the congeners present in PCB mixtures can interact in complex ways to produce effects that
are not apparent from single congener studies. In order to assess health risks in human
populations, it is of particular importance to employ PCB mixtures resembling actual human
exposures for toxicity studies. However, only few toxicity studies with environmentally
relevant PCB mixtures have been reported and most have focused on the ingestion route of
exposure and higher molecular weight congeners. For example, animals have been exposed to
PCB-contaminated soils (Fouchecourt et al., 1998; Hansen et al., 1981b), extracts of soils
(Kania-Korwel et al., 2005; Li and Hansen, 1996b) or pooled extracts of multiple high volume
air samples (Li and Hansen, 1996a). Feeding Great Lakes fish to test animals was used to
closely mimic this important exposure source (Restum et al., 1998; Shipp et al., 1998). Two
studies reported by Larry Hansen and colleagues used fat from Aroclor-exposed animals to
treat another species with the resulting PCB mixture (Hansen et al., 1981a; Hansen et al.,
1983). Several other studies used analyses of exposure sources to formulate synthetic mixtures
from individual PCB congeners. The advantage of this approach is a well-defined PCB mixture,
but environmental mixtures prepared from individual congeners are inevitably incomplete
(Altmann et al., 2001; Gyorkos et al., 1985; Hany et al., 1999; Lilienthal et al., 2000; Parkinson
et al., 1980) and contain only major PCB congeners. A recent study reported the preparation
of a PCB mixture resembling the PCB profile found in Fox river fish using commercial PCB
mixtures (Kostyniak et al., 2005). This approach allows the preparation of large quantities of
a well characterized synthetic mixture containing minor as well as major PCB congeners.
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The present study describes the development of a PCB mixture that resembles the average PCB
profile found in Chicago air using two commercial Aroclor mixtures. This approach was
selected because it is very cumbersome to collect adequate quantities of airborne PCB mixtures,
even for short term pilot studies (Li and Hansen, 1996a), and it is simply not feasible to collect
sufficient PCB quantities from air to obtain an environmental mixture for definite studies. The
synthetic mixture was analyzed by GC/MS/MS and compared to two average PCB air profiles
from Chicago. Finally, the PCB homologue composition, the contributions of congeners to the
TCDD and neuro-toxic equivalency quotients TEQ and NEQ and the distribution of chiral PCB
congeners were determined from the congener profile to guide the toxicity assessment of this
synthetic mixture.

2. Materials and methods
2.1. Determination of the average PCB profile observed in Chicago air

A representative, average PCB congener profile in Chicago air was first determined using an
extensive set of airborne PCB congener profiles recorded at the satellite station of the Integrated
Atmospheric Deposition Network (IADN) located at the Illinois Institute of Technology (IIT)
in Chicago, Illinois (Sun et al., 2006). To determine an average congener profile, all the
congener concentrations were normalized as a fraction of the total PCBs. That is, for each
sample the congener concentration (pg/m3) was divided by the sum of the congener
concentrations (Equation 1). ΣPCB is defined as the sum of the concentrations of 93 congeners
or coeluting congener groups.

(Equation 1)

This was repeated for each of the 188 samples reported by IADN for the dates January 12,
1996 through Dec 9, 2002. The average congener fractions for these 188 samples were
considered to be the target profile. To allow a comparison with our analytical data (see below),
this IIT Chicago air profile was collapsed to a profile with 88 congeners or coeluting congeners
groups representing 123 PCB congeners.

Recently, a second large data set with airborne PCB congener profiles became available. As
part of the University of Iowa Superfund Basic Research Program (isbrp), a total of 184 PCB
congener profiles were collected using an innovative sampling strategy of vehicle-mounted
high-volume air samplers at more than 37 sites throughout Chicago, Illinois, in 2007 (Hu et
al., 2008). In the following, the average profile obtained from these individual profiles will be
referred to as the isbrp Chicago air profile.

2.2. Simulation of the synthetic Chicago Air Mixture (CAM)
Initial simulations based on detailed Aroclor compositions reported by George Frame and
colleagues (Cochran and Frame, 1999; Frame, 2001; Frame et al., 1996a; Frame et al.,
1996b; Hansen, 1999) and, subsequently, our own GC/MS/MS analyses (Figures 2 and 3) were
performed to determine which combination of Aroclor 1242 and different Aroclor 1254 would
give the best approximation of the average PCB profile observed in Chicago air. The
contributions from each Aroclor were determined by the method of least squares. That is, the
sum of the squares of the residuals (SSR) between the Chicago profile is minimized to
determine the fraction of the mixture made up from Aroclor 1242 (x) and the fraction made up
from Aroclor 1254 (y)
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where i refers to one of the 92 congeners considered. The terms fi,1242, fi,1254 and fi, IIT refer
to the mass fraction of the total PCBs for each congener i in Aroclor 1242, Aroclor 1254 and
the IIT congener profile, respectively. Since this is a binary mixture,

Microsoft Excel's Solver function was used to perform the iterative calculation and determine
the value of x that would give the minimum SSR value. Using this approach, the best match
of the Chicago air PCB profile was found to be a mixture of 65% Aroclor 1242 and 35% of a
late-production Aroclor 1254 (Johnson et al., 2008). A slightly better approximation of the
target profile could be achieved using a more typical, early production Aroclor 1254 lot.
Unfortunately, large quantities of such an Aroclor 1254 lot were not available for this study.
The average molecular weight of this mixture is 284 g/mol, as calculated from published
molecular weights of Aroclor 1242 (261 g/mol) and Aroclor 1254 (327 g/mol) (Silberhorn et
al., 1990).

2.3. Preparation of the synthetic CAM
Aroclor 1242 (Electrical Grade, Monsanto Lot KB-05-415) and Aroclor 1254 (Electrical
Grade, Monsanto Lot KB-05-612) were generous gifts of Dr. Larry G. Hansen (University of
Illinois, Urbana, Illinois, US). The Aroclor 1254 lot is a well characterized batch and contains
a relatively high percentage of dioxin-like PCB congeners (Johnson et al., 2008). Both Aroclor
lots, in addition to Aroclor's 1248 and 1260, have previously been employed to prepare a PCB
mixture approximating a Fox River PCB profile (Kostyniak et al., 2005). Appropriate amounts
of each Aroclor mixture were weighed into a cleaned and tared brown glass bottle to give 20
grams of a 65:35 mixture. The mixture was shaken continuously for 30 days and small aliquots
were removed after 8, 14 and 30 days for congener specific PCB analysis. The PCB profiles
for all three time points were in excellent agreement with each other.

2.4. GC/MS/MS analysis of the CAM and technical Aroclor mixtures
The quantification of PCB homologues was performed by GC/MS/MS with an Agilent 6890N
gas chromatograph coupled to a Waters Micromass Quattro micro GC mass spectrometer
(Milford, MA, USA) operating under electron impact (EI) positive mode at 70 eV and multiple
reaction monitoring, and the trap current was 200 μA as described previously (Hu et al.,
2008). The GC was equipped with an Agilent 7683 series autosampler. Two microlitres of the
sample were injected in splitless mode in a Supelco SPB™-Octyl fused silica capillary column
(30 m × 250 μm i.d. × 0.25 μm film thickness) with helium as the carrier gas at a constant flow
rate of 0.8 ml min−1. The collision gas was ultra pure carrier grade Argon. The initial oven
temperature was 75 °C which was held for 5 min. The gradient program ran to 150 °C at 15 °
C/min and was held for 1 min. The second step of the gradient ran to 280 °C at 2.5 °C/min and
was held for 3 min. A representative GC/MS/MS chromatogram of the mixture obtained under
these conditions is shown in Figure 1. A chromatogram of the PCB standard is included in the
Supporting Material (Figure S1). A total of 182 peaks corresponding to all 209 congeners were
analyzed and the relative amount of each congener was normalized as a fraction of the total
PCB mass in the sample as described above. The congener profile of Aroclor 1254 (i.e., lot
KB-05-612) obtained with this method is in good agreement with the published PCB profile
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of this lot obtained using the same GC column (similarity coefficient cos θ = 0.92; average
relative percent difference = 75) (Johnson et al., 2008).

3. Results and discussion
3.1. Comparison of the synthetic PCB congener profile with the IIT Chicago air profile

The concentrations and PCB congener profiles in Chicago air are well understood for the
satellite stations of the IADN located at IIT in Chicago. This station has been operating since
1996, collecting samples every 12 days. The average PCB congener distribution signal for this
IADN satellite station was selected as a target profile and is shown in Figure 2A. The objective
of this study was to prepare a synthetic PCB mixture that resembles this Chicago air profile
for further environmental and toxicity studies. Towards this goal, a PCB mixture was simulated
using both detailed PCB congener profiles of Aroclor 1242 and 1254. A mixture containing
65% Aroclor 1242 and 35% Aroclor 1254 gave the best approximation, as determined by the
method of least squares. This synthetic Chicago air mixture (CAM) was prepared by mixing
the respective Aroclor's in a 65:35 ratio followed by thorough mixing for up to 30 days and
analyzed by GC/MS/MS. A congener profile of this synthetic mixture with 88 PCB congeners
or coeluting congener groups representing 123 congeners is shown in Figure 2B.

The differences in the percentage of each congener between the IIT Chicago air profile (Figure
2A) and the synthetic CAM (Figure 2B) are shown in Figure 2C. Although the differences in
percentages were comparatively small, some congeners (e.g., PCB 45 and 118) were clearly
overrepresented in the CAM, whereas other congeners were underrepresented (e.g., PCBs 33,
47&44, 100&95 and 110). This suggests that the IIT Chicago air profile is not a simple mixture
of Aroclor 1242 and Aroclor 1254. This is not a surprising observation because PCBs undergo
congener selective weathering in the environment (Hornbuckle et al., 2006).

One drawback of the IIT Chicago air profile (Figure 2A) is the fact that this profile consists
only of a comparatively small number of PCB congeners. In particular, levels of
monochlorinated PCB congeners are not included in the IIT Chicago air profile. However,
these lower chlorinated PCB congeners are of particular interest because they can be
metabolically activated to reactive and potentially toxic PCB metabolites, such as PCB
epoxides, hydroquinones, semiquinone free radicals and quinones (Amaro et al., 1996; McLean
et al., 1996; Song et al., 2008).

The overall similarity of the IIT Chicago air profile (Figure 2A) and the synthetic CAM (Figure
2B) was further assessed using the similarity coefficient cos θ (Magar et al., 2005) and the
average relative percent difference (RPD) (Kostyniak et al., 2005). The similarity coefficient
cos θ, determined using the PCB profiles shown in Figures 2A and 2B, was 0.82 (cos θ = 1
represents a perfect match). The average RPD, calculated for the RPD of all 88 congeners and
coeluting congener groups was 84%. The RPD has been used previously to determine the
similarity of a synthetic PCB mixture and PCB profile of fish from the Fox River (Kostyniak
et al., 2005). In this study, the average RPD between the two congener profiles was 71% (64
peaks representing 92 PCB congeners). Considering that our study analyzed a larger number
of peaks (88 peaks representing 123 congeners), the RPD of 84% in our study still suggests
that the synthetic CAM is a good approximation of the IIT Chicago air profile.

3.2. Comparison of the synthetic PCB congener profile with the isbrp Chicago air profile
A second dataset with 184 PCB congener profiles collected in 2007 at over 37 locations in
Chicago, Illinois, became recently available (Hu et al., 2008). The PCB profiles of this dataset
were obtained using the same GC/MS/MS method and laboratory used to analyze the synthetic
CAM, which allows a better comparison of the PCB profiles. In addition, this new dataset
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includes highly volatile, monochlorinated PCB congeners, which are frequently not analyzed
in air samples due to analytical challenges. However, these monochlorinated PCB congeners
are readily metabolized to reactive metabolites (Amaro et al., 1996; McLean et al., 1996) that
have been implicated in carcinogenesis (Ludewig et al., 2008).

The average PCB profile showing 169 peaks representing all 209 PCB congeners is shown in
Figure 3A. The analogous PCB profile of the CAM and the difference in the percentage
between both profiles are shown in Figures 3B and 3C, respectively. Several PCB congeners
were over- (e.g., PCBs 5, 45, 66 and 118) or underrepresented (e.g., PCBs 18&30, 20&28 and
68) in the CAM in comparison to the isbrp Chicago air profile in Figure 3A. PCB congeners
underrepresented also include PCB 11, which is typically not found in technical Aroclor
mixtures (Hu et al., 2008), and PCB 126, a highly toxic PCB congener (see below).

The CAM was also a reasonable approximation of the isbrp profile, with a similarity coefficient
cos θ of 0.70 and an average RPD of 118%. As shown in Figure 3, the CAM was missing in
particular higher chlorinated PCB congeners, which contributes to the comparatively small cos
θ and the large average RPD. The smaller extent of similarity is in part due to much larger
number of PCB congeners used in the comparison of the PCB profiles.

3.3. Comparison of the homologue composition
Figures 3A-3C show a comparison of the homologue composition of the CAM compared to
the two Aroclor mixtures used in its preparation. The homologue composition of the average
Chicago air profile at the IIT site (Figure 4D) and the average PCB profile recorded at different
locations in Chicago as part of the isbrp (Figure 4E) are shown for comparison. While Aroclor
1254 was a medium chlorinated PCB mixture containing over 50% pentachlorobiphenyls,
Aroclor 1242 contained only a small percentage of pentachlorobiphenyls (6 %). Instead,
Aroclor 1242 was composed of comparable amounts of di-, tri- and tetrachlorobiphenyls
(22-36%). This homologue composition is in agreement with the average molecular
composition reported for these Aroclors (Silberhorn et al., 1990). Because the CAM is a 65:35
mixture of two Aroclor mixtures, it contained a much broader range of homologue groups,
with di- to pentachlorobiphenyls making up significant percentages of this synthetic mixture
(15-34%).

Similar to the CAM, the IIT and isbrp Chicago air profiles were composed of high percentages
of di- to pentachlorobiphenyls (Figures 4D and 4E). However, the IIT Chicago air profile
contained twice as many hepta chlorinated PCB congeners compared to the synthetic CAM
(1.8 versus 0.8 %), i.e. these more persistent, higher chlorinated congeners were
underrepresented in the synthetic mixture. Higher chlorinated PCB congeners with seven or
eight chlorine atoms represented an even more significant percentage of the isbrp Chicago air
profiles (13%). This observation is surprising considering the low vapor pressure of higher
chlorinated PCB congeners (Hornbuckle et al., 2006).

3.4. Comparison of the TCDD Toxic Equivalence Quotient (TEQ)
The number of ortho chlorine substituents determines the preferred conformation adopted by
the two phenyl rings of a PCB congener (Lehmler et al., 2002; Shaikh et al., 2008) and, thus,
determines its cellular targets. Several congeners with zero or one ortho chlorine atom can
adopt a conformation similar to TCDD and interact with the aryl hydrocarbon (Ah)-receptor
(Bandiera et al., 1982). These PCB congeners display dioxin-like toxicity and have been
assigned a TCDD toxic equivalent factor (TEF) (Van den Berg et al., 2006). Nine dioxin-like
PCB congeners, including PCBs 77, 81, 105, 114, 118, 123, 156, 157 and 167, were detected
in the three synthetic mixtures, whereas PCBs 126, 167 and 169 were below the detection limit
(Figure 5A-5C). The observation that PCB 126 was not detected is surprising because the
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Aroclor 1254 lot used in this study has been reported to resemble the 1254 A lot (Kostyniak
et al., 2005) described by Frame et al. (Frame, 2001). Specifically, the Aroclor 1254 A lot
contains 0.02% of PCB 126 and, thus, has a high TEQ activity compared to other Aroclor 1254
lots.

A theoretical TEQ based on the 2005 WHO TEF (Van den Berg et al., 2006) was calculated
for the two Aroclors and the CAM by multiplying the weight percentage with the TEF of each
congener. The TEQs – the sum of these products – are summarized in Table 1 and decreased
in the order TEQAroclor 1254 > TEQCAM > TEQAroclor 1242. PCB 118, which was a major
constituent of the three synthetic PCB mixtures, made the most significant overall contribution
to the TEQ, followed by PCBs 105 and 77. The TEQ of the Chicago air profile determined at
the IIT site appeared to be comparable to the synthetic PCB mixtures (Figure 5D). However,
in contrast to the three synthetic PCB mixtures, PCBs 81 followed by PCBs 118 and 123 made
major contributions to the TEQ of this Chicago air profile (PCB 105 was not included in the
calculation of the TEQ because it co-eluted with PCBs 153 and 132).

The TEQ of the isbrp Chicago air profile was 865 ng/mg PCB as compared to 2.69 ng/mg PCB
for the synthetic CAM and 1.59 ng/mg PCB for the IIT Chicago air profile (Table 1). Although
all eleven PCB congeners with a TEF were reported for this profile, PCB 126 and, to a lesser
extent, PCB 169 made the almost exclusive contributions to the TEQ of this profile (Figure
5E). Both PCB 126 and 169 have a high affinity for the Ah-receptor and, therefore, large TEF
values (Van den Berg et al., 2006). However, the apparently high TEQ of the isbrp Chicago
air profile needs to be interpreted with caution because PCBs 126 and 169 were detected only
at 7% and 10% of the sampling sites.

3.5. Comparison of the Neurotoxic Equivalence Quotient (NEQ)
In contrast to dioxin-like PCB congeners, congeners with two or more ortho chlorine
substituents adopt conformations with larger dihedral angles than dioxin like PCB congeners
and, therefore, do not interact with the Ah-receptor (Bandiera et al., 1982). As discussed above,
these non-dioxin like PCB congeners cause adverse effects, such as (developmental)
neurotoxicity, by other modes of action. Simon et al. recently proposed a neurotoxic
equivalence scheme of relative potency of PCB congeners (Simon et al., 2007). The NEQs
calculated for all five PCB profiles using the neurotoxic equivalent values (NEV) estimated
by Simon et al. are very similar (Table 1). In contrast to the TEQ, a large number of PCB
congeners (52-64 out of 74 congeners with a NEV), mostly congeners with two to five chlorine
substituents, made minor contributions (i.e., < 5%) to the NEQ (Figure 6). PCB 45 was a major
neurotoxic PCB congener in the three synthetic PCB mixtures (7.7 to 14.3 % NEQ; Figure
6A-6C), but made only a minor contribution to the NEQ of the IIT and the isbrp Chicago air
profiles (< 2 % NEQ; Figure 6D and 6E). PCB 52 and 95 made significant contributions to the
NEQ of the IIT and the isbrp Chicago air profiles (> 15 % NEQ). While the contribution of
PCB 52 to the NEQ in the CAM was comparable to its role in the two Chicago air profiles,
PCB 95 was underrepresented in the CAM based on its contribution to the NEQ.

3.6. Comparison of the relative composition of chiral PCB congeners
Some neurotoxic PCB congeners with three or four ortho chlorine substituents and
unsymmetrical substitution patterns in both phenyl rings are chiral due to the hindered rotation
around the biphenyl bond and, like other chiral organic compounds, can be subject to
enantioselective disposition processes or interact with cellular targets in an enantio-selective
or –specific manner (Lehmler and Robertson, 2001; Pessah et al., 2009). Figures 7A-C show
that the congener distribution of chiral PCBs differs among the three synthetic mixtures. All
three synthetic mixtures contain comparable total amounts of chiral PCBs ranging from 7.2 to
8.3 %, with PCBs 45, 84, 95 and 132 comprising about 6.3 to 6.7 % of the respective mixture.
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However, the overall distribution of chiral PCB congeners changes significantly with
increasing degree of chlorination of the three synthetic mixtures. For example, the percentage
of PCB 45 decreases from 5.9 % (80% of chiral PCBs) in Aroclor 1242 to 2.2 % (27 % of
chiral PCBs) in Aroclor 1254. Furthermore, Aroclor 1254 contains traces of many higher
chlorinated, chiral PCBs, such as PCBs 88, 91, 135, 136, 144, 149, 171, 174 and 183. Chiral
PCBs 131, 175, 176, 196 and 197 were not detected in any of the PCB mixtures. In contrast,
the two Chicago air profiles display a different composition with regards to chiral PCB
congeners (Figures 7D and 7E). Specifically, the neurotoxic PCB 95 is a major chiral PCB
congener in both Chicago air profiles, whereas PCB 45 represents only a comparatively small
percentage of chiral PCB congeners.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Representative GC/MS/MS chromatograms for the synthetic Chicago air mixture (CAM)
consisting of 65% Aroclor 1242 and 35% Aroclor 1254 showing the homologue composition.
The analysis was done in the monitored reaction mode. A detailed description of the gas
chromatographic separation is provided under Materials and Methods.
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Figure 2.
Comparison to the synthetic CAM with the average PCB profile in Chicago air. (A) Average
PCB IIT Chicago air profile; (B) PCB profile of the synthetic CAM consisting of 65% Aroclor
1242 and 35% Aroclor 1254; (C) difference in percentage of the PCB congener profiles
(synthetic CAM minus the IIT Chicago air profile).

Zhao et al. Page 13

Environ Int. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Comparison of the average 2007 PCB profile in Chicago air with the synthetic CAM. (A)
Average PCB isbrp Chicago air profile; (B) PCB profile of the synthetic CAM consisting of
65% Aroclor 1242 and 35% Aroclor 1254; (C) difference in percentage of the PCB congener
profiles of both mixtures (synthetic CAM minus the isbrp Chicago air profile). The labels on
the x-axis show only every other PCB congeners.
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Figure 4.
Homologue composition of (A) Aroclor 1242, (B) Aroclor 1254, (C) the synthetic CAM, (D)
the average IIT Chicago air profile and (E) the average isbrp Chicago air profile.
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Figure 5.
Relative contribution of dioxin-like PCB congeners to the TCCD Toxic Equivalency Quotient
(TEQ) of A) Aroclor 1242, (B) Aroclor 1254, (C) the synthetic CAM, (D) the average IIT
Chicago air profile and (E) the average isbrp Chicago air profile. TEQ values were calculated
from the PCB congener profiles using the 2005 WHO TCDD toxic equivalent factors (TEF)
(Van den Berg et al., 2006). PCB 105 was not included in the TEQ calculation for the IIT
Chicago air profile because it co-eluted with PCBs 153 and 132.
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Figure 6.
Relative contribution of PCB congeners with a Neurotoxic Equivalency Factor (NEF) to the
Neurotoxic Equivalency Quotient (NEQ) of A) Aroclor 1242, (B) Aroclor 1254, (C) the
synthetic CAM, (D) the average IIT Chicago air profile and (E) the average isbrp Chicago air
profile. The NEQ for each mixture was calculated from the PCB congener profiles using the
neurotoxic equivalence factors proposed by Simon et al. (Simon et al., 2007).
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Figure 7.
Weight percentage of chiral PCB congeners in (A) Aroclor 1242, (B) Aroclor 1254, (C) the
synthetic CAM, (D) the average IIT Chicago air profile and (E) the average isbrp Chicago air
profile. Only major chiral PCB congeners are shown.
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Table 1

Comparison of the TCCD Toxic Equivalency Quotient (TEQ) and Neurotoxic Equivalency Quotient (NEQ) of
the PCB profiles.

PCB mixture TEQ [ng/mg PCB] NEQ [mg/mg PCB]

Aroclor 1242 0.5 0.36

Aroclor 1254 7.9 0.26

CAM 2.7 0.33

IIT Chicago air profile 1.6 0.44

isbrp Chicago air profile 865a 0.30

a
PCBs 126 and 169 were detected only at 7% and 10% of the sampling sites.
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