


Figure 14. Forest plot of PCB 95 sampling data from soil. Raw data can be found in
Table A.2. Each point on the plot is the average EF. Error bars show the 95% confidence
interval. The red dot displays the true average EF suggested by the meta-analysis. The
data from Asher (2012) has a large standard deviation which increases the confidence

interval.

The elution order of PCB 95 is currently unknown. Therefore, parent/product
relationships cannot be properly analyzed. Additionally, data for all the possible parent
congeners of PCB 95 except PCB 149 were especially limited. The literature review

yielded significant results for only congener 149. PCB 149 was racemic in soil and

50



sediment. Therefore, since PCB 149 was racemic in those media, there was not any
evidence to suggest PCB 149 was being enantioselectively dechlorinated. Since the
parent congener was not enantioselectively dechlorinated, there was no evidence to
support enantioselective dechlorination of a chiral parent congener affecting the EF of the
chiral product congener.

Tissue data for PCB 95 revealed sporadic enantioselective bioaccumulation and
an overall racemic EF value. Parent/product relationships are currently unavailable for
consideration for PCB 95. Therefore, enantioselective dechlorination remains the most
reasonable explanation for the nonracemic EFs observed in soils and sediments. PCB 95
has been reported to only dechlorinate through dechlorination process N (Bedard and
Quensen, 1995). Consequentially, the results of the meta-analysis suggest that

dechlorination process N acts enantioselectively.

4.5PCB 132

PCB 132 constituted the least amount of data of the five selected PCBs with 30 data
points. PCB 132 was determined to be only significantly nonracemic in sediments (Table
4). Data from the literature showed unusual sampling trends from air as well as
organisms compared to the other congeners studied. In air samples, PCB 132 had an
average EF value of 0.4654, which although not significant (p = 0.1853) was the lowest

EF of the five chiral congeners. In tissue samples, the average EF was 0.4998, which
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again was not found to be significant (p = 0.625), but was the closest to racemic of any of
the studied congeners.

The only air data were from one study done in southern China by Chen et al. (2014).
The study reported racemic EF values for other chiral PCBs in the air such as 95, 136,
and 149. In addition, PCB 84, which is also a chiral congener but not included in my
study, was reported as having a nonracemic EF in the air. PCBs 84 and 132 from air
samples were analyzed using a BGB 172 column while the other chiral congeners, PCBs
95, 136, and 149, were analyzed using a ChiraSil-Dex column. Every other air sample
used in the meta-analysis for the five target chiral PCBs was analyzed using a ChiraSil-
Dex column (Chen et al., 2014, Robson and Harrad, 2004, Jamshidi et al., 2007, Asher et
al., 2007, and Harrad et al., 2006). PCB 132 from sediment samples has even been shown
to be separated on a ChiraSil-Dex column (Wong et al., 2007). It was not clear from the
article by Chen et al. (2014) or from the supporting information why the BGB 172
column was used instead of the ChiraSil-Dex. Regardless, the meta-analysis determined
there were insufficient amounts of data to determine if the EF of PCB 132 in the air was
significantly nonracemic. It may be possible that the waste site that was sampled in
southern China did have some volatilization of enantioselectively dechlorinated PCB 132
from the soil. However, the samples from soil for the area reported racemic levels of PCB
132. The organisms measured at the site also appeared to be enriched in the second
eluting enantiomer (average EF = 0.4685) as was reported in the air samples. The
discrepancy presents a conundrum as it appears the second eluting enantiomer has been

removed as it is not in the soil, organisms, or air at the southern China site. With the
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current lack of knowledge on any parent/product relationships, these sampling data for
the air may be viewed as an outlier. All other air data for every congener analyzed in the
meta-analysis reported racemic EF levels. | would suggest that the BGB 172 column did
not correctly separate the enantiomers of PCB 132 from air samples which resulted in EF
values that appear to be nonracemic.

Results suggested that congener 132 resists enantioselective bioaccumulation (Figure
15). Results from the meta-analysis indicated that PCB 132 was racemic within tissues.
The average EF for PCB 132 in organisms was racemic because the data showed mostly
racemic values. Racemic EF values for PCB 132 in tissue denies the possibility of any
nonracemic EF values in the soil or sediment being attributed to some enantioselective

bioaccumulation.
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Figure 15. Forest plot of PCB 132 sampling data from tissue. Raw data can be found in
Table A.3. Each point on the plot is the average EF. Error bars show the 95% confidence
interval. The red dot displays the true average EF suggested by the meta-analysis. The
large error bar for the data from Jimenez (2000) was attributed to the small sample size (n

=2).

The average EF of PCB 132 in sediment (EF = 0.5222) was nonracemic (p
=0.0030) while the average EF of PCB 132 in soil (EF = 0.4738) was racemic (p =
0.1690). The EF values from the two media are oppositely enriched and significantly
different from one another (p = 0.0262). The soil samples (Figure 17) showed an
enrichment of the second eluting enantiomer while the sediment samples (Figure 16)

showed enrichment of the first eluting enantiomer. The difference in the enriched
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enantiomer provides evidence for the different capabilities of dechlorinating

microorganisms as has been discussed.

PCB 132 in Sediment
Mean and 95% CL
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Figure 16. Forest plot of PCB 132 sampling data from sediment. Raw data can be found
in Table A.3. Each point on the plot is the average EF. Error bars show the 95%
confidence interval. The red dot displays the true average EF suggested by the meta-
analysis. Large error bars occurred for Wong (2006) e and Wong (2001) ¢ because of the

small sample size (n = 2 for both).
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PCB 132 in Soil
Mean and 95% CL
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Figure 17. Forest plot of PCB 132 sampling data from soil. Raw data can be found in
Table A.3. Each point on the plot is the average EF. Error bars show the 95% confidence
interval. The red dot displays the true average EF suggested by the meta-analysis. Large

error bars are given to data points Cui (2012) as well as Carlsson (2016) ¢ due to their

large standard deviations.

Enantioselective bioaccumulation seemingly did not occur to any great extent for
PCB 132. As a result any nonracemic EFs observed in soils or sediments cannot be
attributed to organisms universally bioaccumulating one enantiomer. Likewise, reasons
surrounding the unknowns of parent/product relationships prohibit their correlation with
any nonracemic EFs of PCB 132. Therefore, the nonracemic EFs observed for PCB 132

in sediments can be attributed to enantioselective dechlorination.
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PCB 132 has been reported to dechlorinate through processes N, P, or H (Bedard and
Quensen, 1995). If the product congener that is produced by the dechlorination of PCB
132 remains unknown, determining which process was active is not possible. Some
studies done by Pakdeesusuk et al. (2003a) and Brothersen (2011) analyzed laboratory
incubations of PCB 132 as it was dechlorinated by microorganisms from sediments taken
from Lake Hartwell, SC. Both studies showed PCB 132 lost the meta-chlorine on the 234
ring to produce PCB 91. Process N and process H both can act to remove that meta-
chlorine (Bedard and Quensen, 1995). The two studies showed PCB 132 was not
enantioselectively dechlorinated implying that one or both processes do not dechlorinate
enantioselectively. Process N can also act on PCB 132 to remove the chlorine on the 236
ring. If process N was active for these two studies, results may instead suggest that
process N is only enantioselective when acting on the 236 ring.

Results suggested PCB 132 was enantioselectively dechlorinated in sediments but
not in soils, which implies that not all dechlorination processes acting on PCB 132 are
enantioselective. If only one process (N, H, or P) was active in all samples, then results
imply that the active process was not enantioselective all the time. Due to the three
potential processes that can act on PCB 132, these results cannot supply the evidence for

the enantioselective dechlorination of process N.
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4.6 PCB 136

A total of 46 data points were found for PCB 136 in the literature review. Meta-
analysis results indicated that PCB 136 existed at nonracemic levels in only sediments
(Table 4). PCB 136 was racemic in all other media studied. Average EF levels in the air

were racemic (Figure 18) which was to be expected.
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Figure 18. Forest plot of PCB 136 sampling data from air. Raw data can be found in
Table A.4. Each point on the plot is the average EF. Error bars show the 95% confidence
interval. The red dot displays the true average EF suggested by the meta-analysis. Larger
error bars from the study by Asher et al. (2007) were due to the large standard deviation

observed in the smaller sample size (n = 13).
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Results indicated that PCB 136 existed at racemic levels in soil (Figure 19). Six of
the nine data points showed near racemic EFs. The three data points that seemingly
deviate from racemic levels were not uniformly enriched. Data from Yuan et al. (2015)
showed enrichment of the (+) enantiomer, and data from Robson and Harrad (2004)
showed enrichment of the (-) enantiomer. The discrepancy between the studies can best

be explained by potential differences in microbial communities (Abraham et al., 2002).
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Figure 19. Forest plot of PCB 136 sampling data from soil. Raw data can be found in A.4
of the appendix. Each point on the plot is the average EF. Error bars show the 95%
confidence interval. The red dot displays the true average EF suggested by the meta-

analysis.
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The average EF of congener 136 in sediment was nonracemic with an enrichment
of the (+) enantiomer (Figure 20). Only data from one location in one study (Wong et al.,
2001) suggested enrichment of the (-) enantiomer (EF = 0.4565). This abnormal result
came from one sample taken at one location which does not provide much confidence in
the true EF value for that location. Statistical analysis revealed the EFs of sediment and
soil to be significantly different from one another (p = 0.0193). Again the difference
between the two media highlights potential differences between aerobic and anaerobic

microorganisms and their preferences for degradation of enantiomers.
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PCB 136 in Sediment
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Figure 20. Forest plot of PCB 136 sampling data from sediment. Raw data can be found
in Table A.4. Each point on the plot is the average EF. Error bars show the 95%
confidence interval. The red dot displays the true average EF suggested by the meta-
analysis. The large error bars seen for Wong (2001) ¢ were due to the small sample size

(n=2).

Data from organisms appear to show a general lack of significant enrichment of
any enantiomer of PCB 136 (Figure 21), and the data contained insufficient grounds for
any nonracemic determination (p = 0.1090). Thirteen of the 16 data points showed near
racemic values while the other three showed enrichment of the (-) enantiomer. The
general randomness of the EF values observed in tissue provided further evidence for the

variability that exists within the chiral molecules of cells.
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PCB 136 in Tissue
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Figure 21. Forest plot of PCB 136 sampling data from tissue. Raw data can be found in
A.4 of the appendix. Each point on the plot is the average EF. Error bars show the 95%
confidence interval. The red dot displays the true average EF suggested by the meta-
analysis. Large error bars are given to the data point Ross (2011) d because of the small

sample size (n = 2).

Because the meta-analysis did not determine the average EF in tissue to be
nonracemic, the enrichment of the first eluting enantiomer in sediment cannot be
attributed to bioaccumulation of the second enantiomer. Neglecting parent/product
relationships, enantioselective dechlorination remains as the most reasonable explanation.

PCB 136 was not reported as being dechlorinated by any process. Because it

contains two 236 rings, it is likely that process N can act upon it. However, without any
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confirmation of which processes can dechlorinate PCB 136, the results of the meta-
analysis cannot provide evidence for any claim made about process N being

enantioselective.

4.7 PCB 149

PCB 149 had the second largest amount of available data from the literature with
70 data points. Results from the meta-analysis indicated PCB 149 existed at racemic
levels in all media (Table 4) except for the tissue of organisms (Figure 22). The EF of
PCB 149 in tissue was similarly random like the EF of the other PCBs in tissue. Because
the meta-analysis determined the EF in tissue to be nonracemic, any nonracemic EFs of

PCB 149 in soil or sediment cannot be caused by enantioselective bioaccumulation.
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PCB 149 in Tissue
Mean and 95% CL
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Figure 22. Forest plot of PCB 149 sampling data from tissue. Raw data can be found in
Table A.5. Each point on the plot is the average EF. Error bars show the 95% confidence

interval. The red dot displays the true average EF suggested by the meta-analysis.

Of the five congeners studied, PCB 149 was the only one to be found at racemic
EFs in both soil (Figure 23) and sediment (Figure 24). The forest plots give an interesting
picture. EF levels in soil may deviate slightly from the racemic value, but clearly the true
average EF in soil was racemic as supported by the meta-analysis. The data for PCB 149
in sediment contained three data points that appear to be nonracemic. Two data points
from Sivey (2005) show significant enrichment of the second eluting enantiomer while
the other data point from Morrissey et al. (2007) shows slight enrichment of the first

eluting enantiomer. Instead of these data being considered outliers, they support the
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varying capabilities of microbial communities. These nonracemic data points may instead
be attributed to different processes acting on PCB 149. PCB 149 can dechlorinate through
process N, H, or P (Bedard and Quensen, 1995). One or two of these processes may be

enantioselective which would explain why very few data points show nonracemic EFs.
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Figure 23. Forest plot of PCB 149 sampling data from soil. Raw data can be
found in Table A.5. Each point on the plot is the average EF. Error bars show the 95%
confidence interval. The red dot displays the true average EF suggested by the meta-
analysis. Significant error bars occurred for the data from Cui (2012) because of their

large standard deviation.
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PCB 149 in Sediment
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Figure 24. Forest plot of PCB 149 sampling data from sediment. Raw data can be
found in Table A.5. Each point on the plot is the average EF. Error bars show the 95%
confidence interval. The red dot displays the true average EF suggested by the meta-

analysis.

PCB 149 can be dechlorinated through process N, P, or H (Bedard and Quensen,
1995). As seen with PCB 132 and 136, the results from the meta-analysis cannot give
support to the idea that process N does or does not act enantioselectively due to the
multiple possible dechlorination pathways.

PCB 149 can be dechlorinated to PCB 91 or 95. The overall average EF showed

that congener 149 exists at racemic levels in the soil and sediment. Both media
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containing racemic levels of PCB 149 suggests that any enantiomeric enrichment of PCB
91 or 95 cannot be attributed to the enantioselective dechlorination of PCB 149.
However, this is only one of many possible parent/product relationships that can
potentially influence the EF of PCB 91 and 95.

A study in 2005 by Sivey examined chiral PCBs in sediment in Lake Hartwell,
SC, USA. Sediment cores were taken from the same two locations as other studies
(Pakdeesusuk et al., 2003b; Wong et al., 2007). The data showed PCB 149 and 95 both at
highly nonracemic levels which may cause one to speculate that the enantioselective
dechlorination of PCB 149 was producing an enrichment of one PCB 95 enantiomer.
Since it is unknown which enantiomer ( (+) or (-) ) of PCB 95 is formed by the
dechlorination of the (+) or (-) enantiomer of PCB 149, it remains impossible to

determine if the enantioselective dechlorination of PCB 149 affected the EF of PCB 95.

4.8 Extent of Enantioselective Dechlorination

Determining the extent of enantioselective dechlorination is imperative. Using
concentrations and EF data from the same sampling locations at different times allows
the determination of which enantiomer is being dechlorinated. Wong et al. (2007) has
shown that the EF of a chiral PCB changes as time passes. Interestingly the direction and
magnitude of the change is not uniform. Evidence suggests that strict enantioselective

dechlorination that will only dechlorinate one enantiomer is possible.
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The data from the study by Wong et al. in 2007 analyzed EF levels in sediments
from Lake Hartwell, South Carolina from 1987 and 1998. EF levels were statistically
determined to be significantly different from one another for multiple locations and
congeners. Some PCBs showed increasing enrichment of one enantiomer while other
PCBs saw a return to racemic over time. However, concentration data were not included
with the EF data. Therefore, it was not possible to determine how much of each
enantiomer was dechlorinated during the time and, by extension, the extent to which
enantioselective dechlorination acted.

Carlsson et al. (2016) also analyzed chiral PCB EF data from soil samples taken
in 2005 and again in 2008. Concentration data was included with the EF data for their
study. Using equation 1 the concentrations of each enantiomer can be determined. For
example, the average concentration of PCB 132 in samples from 2005 was 0.095 ng/kg.

The average EF from the samples was 0.3592.

A
03592 =—"__
A+B 0.0952—9

g

(1) EF =

n n
(2) A=0.3592 % 0.09524 = 0.034129
kg kg

n n n
(3) B= 0.095°9 _ 0.0341 2 = 0.0609 24
kg kg kg

The same calculation can be used to find the concentrations of the first (-) and

second (+) eluting enantiomers from the samples taken in 2008. Table 7 summarizes the
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In addition to encouraging repeated sampling events of locations, recording more
chemical parameters of the sampling site will aid in determining major soil or sediment
properties that affect the EF. Currently very few properties have been shown to be
significantly correlated with EF levels. Correlations that have been made typically come
from a small number of studies. Powerful correlations may provide insight if the
necessary data be recorded for future sampling events. Recommended soil and sediment
properties to record are those that are provided in the supplementary material from the
work done by Carlsson et al. (2016). Additionally, analysis of the microbial communities
would help the task of associating groups of microorganisms with a particular
dechlorination process. Recommended parameters for tissue samples would include lipid
and protein content.

My study using meta-analysis has universally confirmed that differing microbial
communities are capable of degrading chiral PCBs enantioselectively and to different
extents. Additionally, the results provide evidence that nonracemic EFs in soils and
sediments are not the result of enantioselective bioaccumulation but rather
enantioselective dechlorination. Perhaps most importantly, this study has confirmed the

idea that dechlorination process N possesses the ability to act enantioselectively.
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Table A.1

Raw Sampling Data for PCB 91

Study N EF Sdev Media
Asher (2007) 12 0.492 0.011 air
Morrissey (2007) 4 0.507 0.001 | sediment
Sivey (2005) 12 0.4201 | 0.0485 | sediment
Wong (2006) a 6 0.4266 | 0.0135 | sediment
Wong (2006) b 14 0.5907 | 0.1685 | sediment
Wong (2006) ¢ 12 0.4577 | 0.0476 | sediment
Wong (2006) d 11 0.4546 | 0.028 | sediment
Wong (2006) e 4 0.434 | 0.0215 | sediment
Wong (2001) a 5 0.531 | 0.0215 | sediment
Wong (2001) b 6 0.4286 | 0.0833 | sediment
Wong (2001) ¢ 2 0.501 | 0.02289 | sediment
Wong (2001) d 1 0.507 sediment
Wong (2001) e 1 0.487 sediment
Wong (2001) f 3 0.485 0.002 | sediment
Overall 0.4721
Asher (2012) 9 0.498 0.014 soil
Morrissey (2007) a 6 0.146 0.007 tissue
Morrissey (2007) b 6 0.461 0.009 tissue
Ross (2011) a 15 0.3606 | 0.12188 | tissue
Ross (2011) b 14 0.29575 | 0.04218 | tissue
Ross (2011) ¢ 14 0.15175| 0.11895 | tissue
Ross (2011) d 2 0.45962 | 0.06939 | tissue
Ross (2011) e 5 0.41555 | 0.12636 | tissue
Ross (2011) f 6 0.85599 | 0.22329 | tissue
Ross (2011) g 21 0.44455 | 0.08702 | tissue
Warner (2005) a 3 0.507 0.012 tissue
Warner (2005) b 2 0.524 0.001 tissue
Warner (2005) ¢ 3 0.623 0.009 tissue
Warner (2005) d 4 0.542 0.162 tissue
Warner (2005) e 5 0.137 0.024 tissue
Warner (2005) f 12 0.063 0.034 tissue
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Overall

0.3927

Dang (2013)

15

0.659

0.01831

water
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Raw Sampling Data for PCB 95

Study N EF Sdev Media
Jamshidi (2007) a 100 0.4942 | 0.0061 air
Jamshidi (2007) b 31 0.4963 | 0.0032 air

Harrad (2006) 32 0.497 0.004 air
Asher (2007) 25 0.496 0.012 air
Chen (2014) a 60 0.499 0.004 air
Chen (2014) b 60 0.492 0.021 air
Robson (2004) a 32 0.497 0.004 air
Robson (2004) b 12 0.493 0.004 air
Overall 0.4959
Wong (2009) a 5 0.479 | 0.0392 | sediment
Wong (2009) b 9 0.506 | 0.0242 | sediment
Morrissey (2007) 4 0.394 0.027 | sediment
Asher (2007) a 4 0.475 0.002 | sediment
Asher (2007) b 26 0.477 0.014 | sediment
Sivey (2005) a 17 0.2817 | 0.0998 | sediment
Sivey (2005) b 16 0.2692 | 0.0642 | sediment
Wong (2006) a 6 0.4679 | 0.0315 | sediment
Wong (2006) b 14 0.3541 | 0.1068 | sediment
Wong (2006) ¢ 12 0.3398 | 0.1191 | sediment
Wong (2006) d 11 0.3075 | 0.1157 | sediment
Wong (2006) e 4 0.4184 | 0.0408 | sediment
Wong (2001) a 5 0.45839 | 0.01798 | sediment
Wong (2001) b 8 0.488 | 0.00983 | sediment
Wong (2001) ¢ 2 0.49606 | 0.01257 | sediment
Wong (2001) d 2 0.47911 | 0.00767 | sediment
Wong (2001) e 1 0.48454 sediment
Wong (2001) f 3 0.478 | 0.0176 | sediment
Overall 0.425
Asher (2012) 17 0.434 | 0.14019 soil
Wong (2009) 7 0.432 | 0.0567 soil
Jamshidi (2007) 108 0.4663 | 0.0295 soil
Robson (2004) a 32 0.453 0.023 soil
Robson (2004) b 11 0.389 0.041 soil




Yuan (2015) 41 0.395 | 0.0278 soil
Harrad (2006) 32 0.453 0.023 soil
Asher (2012) 17 0.434 0.034 soil
Cui (2012) 23 0.473 0.025 soil
Chen (2014) a 4 0.475 0.019 soil
Chen (2014) b 4 0.495 0.008 soil
Chen (2014) ¢ 4 0.483 0.021 soil
Desborough (2011) 14 0.45 0.007 soil
Zheng (2014) 10 0.51 0.01 soil
Carlsson (2016) a 10 0.381 | 0.0174 soil
Carlsson (2016) b 10 0.468 0.029 soil
Carlsson (2016) ¢ 12 0.4658 | 0.0365 soil
Carlsson (2016) d 9 0.467 | 0.0292 soil
Overall 0.4522
Morrissey (2007) a 6 0.343 0.009 tissue
Morrissey (2007) b 6 0.522 0.008 tissue
Asher (2007) 6 0.478 0.01 tissue
Chen (2014) a 30 0.561 0.045 tissue
Chen (2014) b 30 0.581 0.083 tissue
Chen (2014) ¢ 30 0.496 0.013 tissue
Chen (2014) d 30 0.543 0.069 tissue
Desborough (2011) 14 0.475 0.011 tissue
Ross (2011) a 15 0.4796 | 0.08909 tissue
Ross (2011) b 13 0.48076 | 0.04212 tissue
Ross (2011) ¢ 14 0.70686 | 0.16625 tissue
Ross (2011) d 2 0.47766 | 0.00141 tissue
Ross (2011) e 5 0.54304 | 0.22835 tissue
Ross (2011) f 7 0.1748 | 0.15289 tissue
Ross (2011) g 21 0.33497 | 0.08048 tissue
Warner (2005) a 3 0.49 0.001 tissue
Warner (2005) b 3 0.463 0.001 tissue
Warner (2005) ¢ 2 0.503 0.007 tissue
Warner (2005) d 5 0.742 | 0.078 tissue
Warner (2005) e 2 0.586 0.037 tissue
Warner (2005) f 3 0.762 0.041 tissue
Warner (2005) g 2 0.84 0.015 tissue
Warner (2005) h 4 0.694 0.179 tissue
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Warner (2005) i ) 0.609 0.177 tissue
Warner (2005) j 12 0.849 | 0.072 tissue
Jimenez (2000) a 4 0.5334 | 0.0067 tissue
Blanch (1996) 4 0.5007 | 0.0043 tissue
Jimenez (2000) b 1 0.4975 tissue
Jimenez (2000) ¢ 1 0.5376 tissue
Zheng (2016) a 29 0.495 0.01 tissue
Zheng (2016) b 29 0.693 0.172 tissue
Overall 0.5488

Asher (2007) 11 0.472 0.015 water
Dang (2013) 15 0.507 | 0.01163 water
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Raw Sampling Data for PCB 132

Table A.3

Study N EF Sdev Media
Chen (2014) a 60 0.484 0.022 air
Chen (2014) b 60 0.445 0.069 air
Wong (2006) a 5 0.5168 | 0.0177 | sediment
Wong (2006) b 14 0.5372 | 0.0236 | sediment
Wong (2006) ¢ 9 0.5416 | 0.1081 | sediment
Wong (2006) d 7 0.5476 | 0.0707 | sediment
Wong (2006) e 2 0.5338 | 0.0213 | sediment
Wong (2001) a 5 0.51537 | 0.00898 | sediment
Wong (2001) b 5 0.53115 | 0.02546 | sediment
Wong (2001) ¢ 2 0.5151 | 0.02491 | sediment
Wong (2001) d 1 0.51456 sediment
Wong (2001) e 1 0.52607 sediment
Wong (2001) f 3 0.5106 | 0.006 | sediment
Overall 0.5222
Cui (2012) 19 0.355 0.146 soil
Chen (2014) a 4 0.475 0.018 soil
Chen (2014) b 4 0.495 0.013 soil
Chen (2014) ¢ 4 0.49 0.033 soil
Zheng (2014) 10 0.46 0.03 soil
Carlsson (2016) a 10 0.528 0.011 soil
Carlsson (2016) b 10 0.527 | 0.0215 soil
Carlsson (2016) ¢ 12 0.3593 | 0.0922 soil
Carlsson (2016) d 9 0.5329 | 0.0375 soil
Overall 0.4738
Chen (2014) a 30 0.467 0.111 tissue
Chen (2014) b 30 0.439 0.078 tissue
Chen (2014) ¢ 30 0.509 0.068 tissue
Chen (2014) d 30 0.459 0.033 tissue
Jimenez (2000) 2 0.5329 | 0.0321 tissue
Blanch (1996) 6 0.5339 | 0.0196 tissue
Zheng (2016) a 29 0.503 0.01 tissue
Zheng (2016) b 29 0.554 0.058 tissue
Overall 0.4998
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Raw Sampling Data for PCB 136

Study N EF Sdev Media
Jamshidi (2007) a 94 0.4987 | 0.0066 air
Jamshidi (2007) b 17 0.4997 | 0.0028 air

Asher (2007) 13 0.497 0.008 air
Chen (2014) a 60 0.498 0.006 air
Chen (2014) b 60 0.501 0.006 air
Robson (2004) a 32 0.501 0.004 air
Robson (2004) b 12 0.502 0.004 air
Overall 0.4998
Wong (2009) a 2 0.494 | 0.01131 | sediment
Wong (2009) b 7 0.536 | 0.02429 | sediment
Morrissey (2007) 4 0.543 0.004 | sediment
Wong (2006) a 6 0.5337 | 0.0212 | sediment
Wong (2006) b 14 0.5897 | 0.043 | sediment
Wong (2006) ¢ 12 0.6261 | 0.0931 | sediment
Wong (2006) d 11 0.6385 | 0.073 | sediment
Wong (2006) e 4 0.5495 | 0.0352 | sediment
Wong (2001) a 4 0.50851 | 0.00751 | sediment
Wong (2001) b 7 0.49844 | 0.00853 | sediment
Wong (2001) ¢ 2 0.48958 | 0.01473 | sediment
Wong (2001) d 1 0.45652 sediment
Wong (2001) e 1 0.51691 sediment
Wong (2001) f 3 0.5044 | 0.0033 | sediment
Overall 0.5381
Asher (2012) 12 0.497 0.018 soil
Wong (2009) 7 0.489 | 0.02452 soil
Jamshidi (2007) 97 0.495 | 0.0125 soil
Robson (2004) a 32 0.522 0.012 soil
Robson (2004) b 11 0.532 0.021 soil
Yuan (2015) 35 0.421 | 0.0406 soil
Chen (2014) a 4 0.502 0.015 soil
Chen (2014) b 4 0.503 0.01 soil
Zheng (2014) 10 0.510 0.04 soil
Overall 0.497
Morrissey (2007) a 6 0.301 0.014 tissue




Morrissey (2007) b 6 0.475 0.014 tissue
Chen (2014) a 30 0.539 0.04 tissue
Chen (2014) b 30 0.522 0.079 tissue
Chen (2014) c 30 0.496 0.014 tissue
Chen (2014) d 30 0.49 0.011 tissue
Ross (2011) a 10 0.54313 | 0.09232 | tissue
Ross (2011) b 14 0.46193 | 0.04055 | tissue
Ross (2011) ¢ 12 0.24799 | 0.14939 | tissue
Ross (2011) d 2 0.48116 | 0.02013 | tissue
Ross (2011) e 4 0.38895 | 0.02822 | tissue
Ross (2011) f 4 0.52642 | 0.03095 | tissue
Ross (2011) g 21 0.47264 | 0.02344 | tissue

Jimenez (2000) a 2 0.5392 | 0.0103 tissue

Jimenez (2000) b 3 0.4989 | 0.0198 | tissue

Jimenez (2000) ¢ 1 0.5102 tissue
Overall 0.4681
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Table A.5
Raw Sampling Data for PCB 149

Study N EF Sdev Media
Jamshidi (2007) a 97 0.4972 0.0049 air
Jamshidi (2007) b 20 0.5003 0.0036 air

Harrad (2006) 32 0.502 0.0030 air
Asher (2007) 22 0.503 0.0140 air
Chen (2014) a 60 0.496 0.007 air
Chen (2014) b 60 0.49 0.008 air
Robson (2004) a 32 0.502 0.0030 air
Robson (2004) b 12 0.501 0.0040 air
overall 0.4988
Wong (2009) a 6 0.496 0.0038 | sediment
Wong (2009) b 9 0.503 0.0173 | sediment
Morrissey (2007) 1 0.61 0.0030 | sediment
Sivey (2005) a 1 0.1797 0.0304 | sediment
Sivey (2005) b 24 0.167 0.0621 | sediment
Wong (2006) a 6 0.4892 0.0078 | sediment
Wong (2006) b 14 0.4803 0.0096 | sediment
Wong (2006) ¢ 12 0.5061 0.0296 | sediment
Wong (2006) d 11 0.5378 0.0431 | sediment
Wong (2006) e 4 0.4997 0.0176 | sediment
Wong (2001) a 5 0.51646 | 0.0163 | sediment
Wong (2001) b 7 0.51279 | 0.0200 | sediment
Wong (2001) ¢ 2 0.51574 | 0.0017 | sediment
Wong (2001) d 2 0.51324 | 0.0117 | sediment
Wong (2001) e 1 0.51691 sediment
Wong (2001) f 3 0.5041 0.0038 | sediment
Overall 0.4689
Asher (2012) 22 0.516 0.1079 soil
Wong (2009) 7 0.498 0.0028 soil
Jamshidi (2007) 109 0.5019 0.0216 soil
Robson (2004) a 32 0.544 0.0170 soil
Robson (2004) b 11 0.532 0.0170 soil
Yuan (2015) 26 0.439 0.0394 soil
Harrad (2006) 32 0.544 0.0170 soil
Asher (2012) 22 0.516 0.0230 soil
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Cui (2012) 20 0.527 0.1670 soil
Chen (2014) a 4 0.492 0.0110 soil
Chen (2014) b 4 0.502 0.0110 soil
Zheng (2014) 10 0.51 0.02 soil

Carlsson (2016) a 10 0.49 0.0105 soil
Carlsson (2016) b 10 0.509 0.0151 soil
Carlsson (2016) ¢ 12 0.4783 0.0289 soil
Carlsson (2016) d 10 0.5129 0.0204 soil
Overall 0.5062
Morrissey (2007) a 6 0.424 0.0110 tissue
Morrissey (2007) b 6 0.479 0.0090 tissue
Chen (2014) a 30 0.527 0.0310 tissue
Chen (2014) b 30 0.534 0.0240 tissue
Chen (2014) ¢ 30 0.492 0.0180 tissue
Chen (2014) d 30 0.489 0.0150 tissue
Ross (2011) a 14 0.55762 | 0.1444 tissue
Ross (2011) b 14 0.42861 | 0.0765 tissue
Ross (2011) ¢ 14 0.33247 | 0.1723 tissue
Ross (2011) d 2 0.54413 | 0.0261 tissue
Ross (2011) e 5 0.42276 | 0.0652 tissue
Ross (2011) f 6 0.59273 | 0.2117 tissue
Ross (2011) g 21 0.53292 0.0283 tissue
Warner (2005) a 3 0.493 0.0060 tissue
Warner (2005) b 3 0.509 0.0360 tissue
Warner (2005) ¢ 5 0.151 0.0710 tissue
Warner (2005) d 5 0.2 0.0320 tissue
Warner (2005) e 5 0.418 0.0450 tissue
Warner (2005) f 5 0.262 0.0890 tissue
Warner (2005) g 5 0.403 0.0080 tissue
Warner (2005) h 5 0.277 0.0520 tissue
Warner (2005) i 13 0.478 0.0450 tissue
Dai (2014) a 4 0.503 0.001 tissue
Dai (2014) b 4 0.496 0.001 tissue
Dai (2014) ¢ 4 0.501 0.002 tissue
Jimenez (2000) a 2 0.5764 0.007 tissue
Jimenez (2000) b 4 0.5357 0.0269 tissue
Blanch (1996) 5 0.5008 0.0132 tissue
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Jimenez (2000) ¢ 0.5525 tissue

Jimenez (2000) d 0.5587 tissue
Overall 0.4524

Asher (2007) 0.504 0.017 water
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Appendix B
SAS Code used for the meta-analysis.

proc import datafile="/home/eboley0/Data/Researchworksheet.xlIsx' out=META
dbms=xlsx replace;

sheet="PCB 149’

run;

Data META;

set META,
SE=Sdev/SQRT(N);
WGT=1/SE**2;

proc print;

proc sort; by MEDIA;

proc mixed covtest;by media;
Class study;

weight WGT;

model ef=;

random study;

repeated ;

Parms (.1) (1) / EQCONS=2;
estimate 'EF' INT 1/ CL;* DF=10000;
Titlel Results for PCB 149;
Run;Quit;
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