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1 Executive Summary

In October 2000, the Association of Metropolitan Sewerage Agencies (AMSA) began avoluntary
survey to determine current leves of dioxin-like compounds (i.e., polychlorinated dibenzo-p-dioxins,
polychlorinated dibenzofurans and dioxin-like coplanar PCBs) in biosolids (sawage dudge). These
datawere collected, firgt, to assst U.S. EPA in deveoping an environmentaly sound and technically
correct dioxin limit for land-gpplied biosolids, and second, to determine whether dioxin concentrations
in biosolids have decreased since the 1994/1995 AMSA survey. The survey was open to dl publicly
owned trestment works (POTWSs) inthe U.S.

A total of 201 samples were received from 171 POTWs located in 31 states. The participating
POTWs dso submitted questionnaires containing Ste-specific influent, process, and biosolids related
information. The mass fraction of dioxin-like compounds in these samples was then andyzed by
Midwest Research Ingtitute (MRI). The survey methods are described in Chapter 2.

The dioxin-like compound mass fractions and questionnaire data were provided to Cambridge
Environmenta Inc. for Satistical anadlysis. One sample (10761200b), described as “incinerator ash,”
was omitted from andysis, leaving 200 samples from 171 POTWSs. The datistical andyss had three
gods. Thefirst goa wasto characterize the didtributions of dioxin-like compounds in biosolids from
these various POTWs. The second god was to determine whether the results of AMSA’ s 2000/2001
survey were sgnificantly different from the results of AMSA’s 1994/1995 Survey of Dioxin-like
Compoundsin Biosolids (Green et al., 1995b). The find goad was to determine whether there were
any correlations between regiond, influent, process, or biosolids related information and TEQ mass
fractions of dioxin-like compounds in the biosolids (using the toxic equivaency factor (TEF) system of
Vanden Berg et al., 1998).

Chapter 3 addresses the first god by compiling the means, medians, stlandard deviations, and
percentiles of the mass fraction and toxicity equivdent (TEQ) mass fraction distributions of dioxin-like
compounds. Congener mass fractions were reported by MRI on adry-weight basis. Non-detected
congeners were assumed to be ether absent, present a one-haf of the detection limit, or present at the
detection limit of the congener.! Congener mass fractions were converted to toxicity equivaent (TEQ)
meass fractions using the TEF system of Van den Berg et al. (1998). Table 1.1 presents the means and
percentiles for the TEQ digtributions. Further details of the distributions can be found in Chapter 3,

1 U.S. EPA hasindicated that dl non-detected congeners will be assumed to be present at one-
haf of detection limits (Dominak, persona communication, 2001).
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aong with the prevalence and relive contribution to the total TEQ mass fraction of each dioxin, furan,
and PCB congener.

The TEQ mass fraction distributions gppear to be gpproximately lognormd, so logarithmicaly
trandformed TEQ data were used in subsequent anayses that compare and correlate distributions.
These anayses were conducted with the assumption that non-detected congeners were absent, or that
non-detected congeners were present at the detection limits. These assumptions do not dter the
conclusions.

Tablel.1 Statistics for TEQ datel* (pg TEQ/Q)
Non-daecti rs:t ;0 detection Non-dzt;ctecst is; ::) n(;rgsi half of Non-detects et 0 760
Total Di;)\(ciins PCBs Total Di:gns PCBS Tota Di;);ijns PCBs
Furans Furans Furans

Mean 54.2 424 11.7 485 384 100 42.8 345 83
Minimum 13.72 11.06 108 7.10 594 054 0.15 0.08 0.00
10" Percentile 16.40 1345 249 9.65 7.55 175 271 148 052
25" Percentile 19.86 1491 385 13.09 955 299 6.17 3.66 159
Median 2741 19.14 7.29 2167 15.15 570 15.85 11.79 337
75" Percentile 3891 27.37 11.62 36.00 2481 10.06 3161 21.49 9.06
90" Percentile 67.69 39.46 1755 54.00 37.36 16.98 4953 36.60 14.59
95" Percentile 89.93 58.99 37.34 88.07 5324 2814 86.52 49.08 18.77
99" Percentile 22851 118.29 81.07 226.12 118.28 81.04 22372 118.28 81.01
Maximum 3590.05 3578.61 228.65 3590.05 3578.61 228.65 3590.05 3578.61 228.64

A U.S. EPA has proposed a 300 pg TEQ/g limit for land applied biosolids, using the International TEF scheme (described in
U.S. EPA, 1989) for the 17 2,3,7,8-substituted polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans, and the
World Hedth Organization's TEF scheme (Van den Berg et al ., 1998) for the 12 coplanar PCBs (Federa Regigter, 1999). EPA
now intendsto usethe Van den Berg et al. (1998) schemefor dl dioxin-like compounds, and this schemeisused inthe
andyss.

B U.S. EPA hasindicated that al non-detected congeners will be assumed to be present at one-half of the detection limit
(Dominak, 2001).

Chapter 4 compares the results of the 1994/1995 AMSA survey to the results of the 2000/2001
survey. The 1994/1995 and 2000/2001 data sets were modified as described in Chapter 4 in order to
alow the most robust comparison possble. Table 1.2 gives the means and medians for the modified,

\'#.‘--
Cambridge Environmental Inc

58 Charles Street Cambridge, Massachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com

1-2



facility-averaged data sets. The means of the logarithmically transformed data sets gppear to be
sgnificantly different, and the 2000/2001 data show lower average TEQ mass fractions than the
1994/1995 data. When non-detected congeners are assumed to be absent, the median dioxin/furan
TEQ meass fraction declined by 56%, the median PCB subset TEQ mass fraction (containing only those
PCB congeners andyzed in the 1994/1995 survey) declined by 83%, and the median adjusted tota
TEQ mass fraction declined by 64%. The corresponding means declined by 0.5%, 79%, and 32%,
respectively. Thus, the decrease in mean tota TEQ appears to be driven by declining PCB
concentrations.

Table1.2 Comparison of modified 1994/1995 and 2000/2001 data sets®
Non-detects set to detection limits. Non-detects set to zero
Adjusted Dioxins & PCB subset® Adjusted Dioxins & PCB subset®
Total® Furans Total® Furans

1994 | 2000 | 1994 | 2000 | 1994 | 2000 | 1994 | 2000 | 1994 | 2000 | 1994 | 2000

1995 | 2001 | 1995 | 2001 | 1995 | 2001 | 1995 | 2001 | 1995 | 2001 | 1995 | 2001
Number
of 74 182 74 182 74 182 74 182 74 182 74 182
Fecilities®
Mean 817 525 57.3 4.1 24.4 84 60.5 1.1 36.3 36.1 24.2 5.04
Median 55.7 25.0 44.6 19.2 9.3 48 370 133 255 11.3 9.2 15

A Samples averaged by facility as described in Chapter 4, in order to obtain comparable data. 74 POTWSs
participated in the 1994/1995 survey, while 171 POTWs and 9 post-processing facilities participated in the
2000/2001 survey.

B Total of dioxin/furan TEQ and PCB subset TEQ only.

€ Only 4 PCB congeners with non-zero TEF values (using the system of Van den Berg, et al ., 1998) were andyzed
in the 1994/1995 survey (PCB-77, PCB-81, PCB-126, PCB-169). Thus, only these four congeners are used to
determine the PCB subset TEQ for the 2000/2001 samplesin this comparison.

Finaly, Chapter 5 evauates whether the characteristics of the facilities from which the samples were
taken are corrdated with the TEQ mass fraction found, the degree of such correlation, and the
usefulness of such correlations as predictors of TEQ mass fraction, assuming the observed correlations
arenot accidentd. Firgt, the U.S. EPA Region of the facility, the average daily flow to afacility, and
the percent solidsin the sample were dl anayzed independently to determine whether they were
correlated with the TEQ mass fractions of the samples. Next, numeric characterigtics of the facility
(e.g., average daily flow, percent industrid load) were combined with binary variables coding for U.S.
EPA Region, process characterigtics, and sample descriptions in a stepwise multiple linear regression to
determine whether these characteristics might provide useful predictors of TEQ mass fraction. This
andysis must be considered a“ data-dredging” exercise, since the study design gtrictly allows no causal
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inferences or generaizations — any correlations found cannot be considered causd or even predictive
without further evaduation.

The andysis of the samplesby U.S. EPA Region suggests that the totad and PCB TEQ mass fractions
may vary between regions, athough the evidence is weak considering the assumptions required and the
number of datistica tests performed. While the median totd TEQ mass fraction in Region 1 iswell
below the 10" percentile of total TEQ mass fraction for Regions 2 and 7, this may be an artifact of the
sampling method or smply random variation, particularly since only two samples from Region 1 are
avalable. Thus, while there may be regiond differencesin totd and PCB TEQ mass fractions, further
sampling designed to tests such a hypothesis would be required to confirm it.

Single variable regressions of the average daily flow to POTWS, percent solids in sample, percent
indugtrid loading of a POTW, and percent of service areawith combined sewers, with TEQ mass
fractions show tha while the correlations are potentidly significant, the uncertainty in the predicted
vauesis 50 large that these variables, when used independently, cannot predict the TEQ mass fraction
of biosolids from a given POTW to within an order of magnitude. Similarly, amultiple linear regresson
of the numeric questionnaire variables (i.e., percent industrid flow, percent service area with Combined
sewers, etc.) suggedts that these variables are not useful in predicting the TEQ mass fraction of a
sample.

The results of the stepwise multiple linear regression presented in Chapter 5 suggest that five variables
are potentialy useful in predicting the TEQ mass fraction of a sample: whether the sample isin Region 2
(positive coefficient), whether the sample was anaerobicaly digested (positive coefficient), whether the
sample was centrifuged (negative coefficient), whether the sample was air dried (positive coefficient),
and whether the sample was filter pressed (negative coefficient). In the regression of the logarithm of
total TEQ mass fraction, these five variables account for 21% of the variation between samples. For
PCB TEQs, these five variables account for 28% of the variation, the highest of any of the regressons
evauated; however, that leaves gpproximately three-fourths of the variation between samples
unaccounted for. Thus, this corrdation, even if it is gpplicablein generd, is unlikely to have any
sgnificant predictive power, at least on a POTW by POTW basis: the 90% prediction interva of the
totd TEQ regresson is 3.89 on alogarithmic scae, or a50-fold variation in the untransformed values,
too large for useful predictions. The same argument holds for the regressions versus totdl and
dioxinfuran TEQ massfraction. Given the limitations of the data used here, further experimentation and
anadysis would be needed to confirm any of the trends observed in the regression of the AMSA
2000/2001 survey samples, and changesin aPOTW’ s process may not result in the increases and
decreases of TEQ mass fraction predicted by the regresson.
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2 Survey Method

In October, 2000, the Association of Metropolitan Sewerage Agencies (AMSA), began a voluntary
survey to determine current leves of dioxin-like compounds (i.e., polychlorinated dibenzo-p-dioxins,
polychlorinated dibenzofurans, and dioxin-like coplanar PCBs) in biosolids. The survey was open to
both AMSA and non-AMSA wastewater treatment agencies, and was publicized by AMSA, U.S.
EPA’s Regiond Sludge Coordinators, the fifty State Biosolids Coordinators, severa environmental
enginearing consulting firms (i.e., Camp, Dresser & McKeg), the National Small Flows Clearinghouse
at West Virginia University, and severa other wastewater associations. Overal, 111 separate agencies
participated in the survey, providing 201 samples from 180 facilities. Participants were asked to
provide a biosolids sample to Midwest Research Indtitute (MRI) for chemical andyss, and to provide
processinformation for their POTWs (e.g., average daily flow, percent indudtrid loading, etc.). The
process information questionnaire is provided in Appendix A.

Chemica anadyses of biosolids samples were performed by MRI; MRI’ s report is attached as
Appendix B. Thedioxin, furan, and PCB congeners andyzed are listed in Table 2.1, and correspond
tothelist cited by U.S. EPA (Federa Register, 1999). Where our text refersto “PCB congeners’ or
“dioxin/furan congeners,” it refers only to those compounds listed in Table 2.1. All massfractions
(concentrations) presented in the text are on adry-weight basis.

Questionnaire data for the biosolids samples were compiled by AMSA into eectronic spreadshest
format that provided cross-references to sample IDs, but no sewerage agency identification
information. Dioxin-like compound concentration data associated with sample | Ds were provided by
MRI in eectronic spr

eadsheet format. Both sets of spreadsheets were then provided to Cambridge Environmenta Inc. for
satistical analysis. These spreadsheet data are provided in Appendices C and D.2

2 In Appendix D, average daily flow is only reported as arange, and percent industria loading
and percent service area with combined sewers are presented as binary yes/no answers. Exact
numerica data was reported to Cambridge Environmentd, Inc., but is not presented so asto maintain
the confidentidity of the survey.
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Table2.1 Congeners andyzed by MRI

Congener

2,3,7,8-TCDF
2,3,7,8-TCDD
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HXCDE
1,2,3,6,7,8-HXCDF
2,3,4,6,7,8-HXCDF
1,2,3,7,8,9-HXCDF
1,2,3,4,7,8-HXCDD
1,2,3,6,7,8-HXCDD
1,2,3,7,8,9-HXCDD
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDE
1,2,3,4,6,7,8-HpCDD
OCDF
OCDD
PCB-81
PCB-77
PCB-123
PCB-118
PCB-114
PCB-105
PCB-126
PCB-167
PCB-156
PCB-157
PCB-169
PCB-189
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3 Data Distributions

This chapter summarizes the andytica results of the dioxin/furan and dioxin-like PCB testing of the
biosolids samples collected in the 2000/2001 AMSA survey. Biosolids samples were anayzed by
MRI, Inc; MRI’sreport is attached as Appendix B. Complete anadytica results for each of the 201
samples are presented in Appendix C.

3.1 Independence of samples

A totd of 201 samplesfrom 171 POTWslocated in atotd of 31 states were andlyzed by MRI.
However, sample 10761200b, described as “incinerator ash,” is not representative of dioxin/furan and
PCB mass fraction in biosolids, as mogt of the organic materid in the sample was destroyed during
incineration. Thus, this sample was omitted from further analys's, leaving 200 biosolids samples.

In this chapter, each biosolids sample is treated as an independent sample of some population of
biosolids products, except where noted in the text. Some samples are of biosolids from the same
municipa region, but from different POTWs, while 29 POTWs sent in two samples. Samples from the
same POTW or from different POTWs within the same municipa region share the firgt four digits of
their Sample ID number. 1t is possible that these samples may be more smilar to each other than to the
rest of the biosolids samples, as they share either aPOTW or amunicipality, and thus may not be
completely independent of each other. However, most of the samples from the same POTW are of
widely different find products (such as dried biosolids cake versus non-dewatered biosolids), and the
biosolids samples from the same municipdity were tregted by separate POTWs. Smply averaging
such results together would potentidly lose information on differences between the two products from
the same POTW and differences between POTWs in the same municipdity.

In addition, no distinctions are made in this chapter according to the type of sample (i.e., compos,,
vacuum filter cake, etc.) or any other POTW characterigtic.
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3.2 Treatment of non-detects

Three assumptions were gpplied to non-detected congeners, to test the effect of making such
assumptions. In thefirst, non-detected congeners were assumed to be absent (i.e., present at a mass
fraction of zero). In the second, non-detected congeners were assumed to be present at half the
detection limit. In the third, non-detected congeners were assumed to be present at the detection limit.
The tables and figures for Chapter 3 present dl three sets of results, as do the andytica resultsin
Appendices E and F. However, for smplicity, al discussonsin this chapter assume that non-detected
congeners are present at one-haf detection limits, unless otherwise noted. There are no essentia
differencesin results evauated using any of the assumptions.

3.3 Massfraction distributions

Table 3.1 ligts the total dioxin/furan and PCB mass fraction for each sample on a dry-weight basis.
Three mass fraction totals are listed for each sample: the tota mass fraction of dioxin/furan congeners,
tota mass fraction of PCB congeners, and the total mass fraction of dl dioxin/furan and PCB
congeners. The summary statistics for the mass fraction digtributions are presented in Table 3.2, while
the percentiles of the mass fraction distribution are presented in Table 3.3. Figures 3.1 through 3.9
present histograms of the mass fraction digtributions.

When non-detected congeners are assumed to be present at one-haf detection limits, the mean mass
fraction of PCB congenersis approximately 22.0 ng/g (ppb), while the mean mass fraction of
dioxin/furan congenersis 7.50 ng/g. The median mass fraction of the PCB congenersis 14.7 ng/g, the
range being 0.06 ng/g to 261 ng/g, while the median mass fraction of dioxin/furan congenersis
gpproximately 3.48 ng/g, the range being 0.10 ng/g to 291 ng/g. Thus, while on average the mass
fraction of PCB congenersis larger than the mass fraction of dioxin/furan congeners, the ranges are
amilar. In addition the maximaoccur in different samples, so the maximum tota mass fraction isless
than the sum of the maximum PCB congener mass fraction and the maximum dioxin/furan mass fraction.
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3.4 Toxicity equivalency factors

In order to obtain an estimate of the aggregate human toxicity of the dioxin/furan and PCB congeners,
toxicity equivaency factors (TEFs) were used to estimate the “toxicity equivaent” (TEQ) mass fraction
of dioxin/furan and PCB congenersin each sample. The TEF vaues used are those for humans from
Van den Berg et al. (1998), and are listed in Table 3.4. To determine the TEQ mass fraction of each
congener in asample, the mass fraction of that congener (in units of pg/g, or ppt) was multiplied by the
TEF for that congener, providing a2,3,7,8-TCDD toxicity equivaent mass fraction for each congener
inunitsof pg TEQ/g. The TEQ mass fraction for each congener was then summed in each biosolids
sample, providing the summary TEQ results for each sample presented in Table 3.5. TEQ data for
each individua congener in asampleis provided in Appendix F.

3.5 TEQdistribution — characteristics and lognormality tests

The total mass fraction of dioxin-like compounds in each sample, on aTEQ basis, are liged in Table
3.5. Summary datistics for these results are presented in Table 3.6, and percentiles of the TEQ
digtributions are presented in Table 3.8. Figures 3.10 through 3.18 present histograms of the
summarized TEQ data.

When non-detected congeners are assumed to be present at one-haf detection limits, the mean TEQ
mass fraction of PCB congenersis 10.0 pg TEQ/g (ppt TEQ), with amedian value of 5.7 pg TEQ/g
and arange from 0.54 pg TEQ/g to 228.7 pg TEQ/g. The mean TEQ vaue of dioxin/furan congeners
is38.4 pg TEQ/g (ppt TEQ), with amedian value of 15.2 pg TEQ/g and arange from 5.94 pg TEQ/g
to 3579 pg TEQ/g. Thetotal TEQ vauesfor the samples have amean value of 48.5 pg TEQ/g, with a
median of 21.7 pg TEQ/g and arange from 7.10 pg TEQ/g to 3590 pg TEQ/g. Only 0.5% of samples
contain total TEQ greater than 300 ppt TEQ, the limiting concentration for land-applied biosolids
proposed by EPA (Federa Register, 1999).

Sample 10781200c, with the maximum recorded total TEQ mass fraction of 3590 pg TEQ/g, the
mgority from dioxin/furans, may be exceptiond. The next highest sample (10441100t) has atotd TEQ
mass fraction of 256.4 pg TEQ/g, less than one-tenth that of 10781200c. The POTW submitting this
sample has an average flow of between 1 to 10 million galons per day, and approximately 20% of its
daly flow comes from industrid sources (R. Dominak, personal communication, 2001). In addition,
biosolids from this facility generaly only contain 2%-3% solids. This sample has been retested, with
TEQ vaues ranging from 2,720 ppt TEQ to 4,840 ppt TEQ. A second sample from this source gave a
TEQ mass fraction of gpproximately 2,800 ppt. This andyss uses the origina value of 3590 ppt TEQ
indl cdculdions
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Table 3.9 shows the distribution of tota TEQ values (when non-detected congeners are assumed to be
absent) binned into ranges suggested by U.S. EPA. As shown, 67 samples (33.5 %) arein therange
of 0to 10 pg TEQ/g, while 64 (32.0 %) and 49 (24.5 %) are in the ranges 10-25 pg TEQ/g and 25-
50 pg TEQ/g, respectively. Only the outlier (10781200c) is above atotal TEQ level of 300 pg TEQ/g.
Thus, onethird of al samples are below 10 pg TEQ/g, and 90% of samples are below 50 pg TEQ/Q.

An ingpection of Table 3.6 shows that the sandard deviations for dl of the andyzed congener
categories are much larger than the mean values, and Figures 3.10 through 3.18 show that the
ditributions have long right tails® Both characteristics suggest that a transformation of the data may
lead to adigtribution that is closer to norma, with Satistics that allow more robust comparisons.
Following Green et al. (1995), who found gpproximately lognorma distributions in the 1994/1995
AMSA survey data, alogarithmic transformation of the data was performed. Summary statistics for the
transformed data are presented in Table 3.7 (naturd logarithms are used throughout). 1n order to
assess the log-normality of the data sets, the logarithmically transformed data were plotted in Figures
3.19 through 3.24 in aform for which a perfect lognormal distribution would give an approximate
draight line. What are plotted are the points:

{In(xi),F'l((i- 38)/(n +]/4))} (31

fori =1,2,...,n, where O isthe inverse norma digtribution, n is the number of samples, and x; arethe
sample mass fraction placed in order of increasing vaue. The ordinate here is an approximation to the
expected value of thei™ normal statistic (Cunane, 1978). The transformed distributions are al more
normd than the untransformed distributions. The distributions obtained when the non-detected
congeners are assumed to be absent approximate lognormality more closdly than those obtained when
non-detected congeners are assumed present at detection limits. Thus, the statistics of the
logarithmicaly transformed data given in Table 3.7 will be used for subsequent characterization and
comparison of distributions.

3 The sameis true for the distributions of mass fraction data; however, the mass fraction data
sets were neither transformed nor tested for lognormality.
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3.6 Relative contributions of dioxin-like compounds to total TEQ
mass fraction

In order to assess the relative contributions of each dioxin-like compound to the totd TEQ mass
fraction for that sample, the TEQ mass fraction for each congener in a sample was divided by the total
TEQ meass fraction for the sample, giving the fraction of the total TEQ va ue represented by the
congener. Then, the 200 results for each congener were assessed by calculating the minimum, median,
maximum, and other percentiles for the digtribution of fractions for each congener. Theresults are
displayed in the box-and-whisker plots shown in Figures 3.26 through 3.28, where non-detected
congeners assumed to be absent, present at one haf of their detection limits, or present at detection
limits. The x-axis of each of the figures lists a numeric code for the congeners, the code for which is
presented in Table 3.10. The midline of each box shows the median value of the relative contribution
for that congener to the tota TEQ of the sample. The X marker represents the mean vaue of the
relative contribution for that congener to the totd TEQ of the sample. The ends of the box represent
the 75 and 25" percentiles, the ends of the whiskers represent the 90" and 10™ percentiles, and the
triangles represent the minimum and maximum vaues. A large box size or whisker length means that
the relative contribution of the given congener varies widdy from samples to sample; a high position for
the box means that, on average, this congener contributes more to the totd TEQ vaue than the others.

As can be seen from Figure 3.27, most congeners show atight spread of relative contributions close to
0, except for their maximum values. Congeners5 (1,2,3,7,8-PeCDF), 15 (1,2,3,4,6,7,8-HpCDD),
and 24 (PCB-126) have both higher and larger boxes and whiskers, suggesting that while on average
these congeners contribute greetly to the totd TEQ vaue of asample, their fractiond contributionsin
any pecific sample may vary widely. The median relative contributions for these congeners are 22.0%,
10.3%, and 15.0%, respectively. Congeners 2 (2,3,7,8-TCDF), 4 (2,3,4,7,8-PeCDF), 6
(1,2,3,4,7,8-HxCDF), 7 (1,2,3,6,7,8-HXCDF), 8 (2,3,4,6,7,8-HXCDF), 9 (1,2,3,7,8,9-HXCDF), 10
(1,2,3,4,7,8-HxCDD), 11 (1,2,3,6,7,8-HxCDD), 12 (1,2,3,7,8,9-HxCDD), 13
(1,2,3,4,6,7,8-HpCDF), 21 (PCB-118), 23 (PCB-105), and 26 (PCB-156) have median relative
contributions between 1.2% and 6.5%. The remaining congeners have median relative contributions
between 0% and 1.2%. The mean relative contributions for Congeners 5, 15, and 24 are 23.3%,
12.3%, and 16.4%, respectively, while the mean relative contributions for the remaining congeners are
between 7.5% and 0%

In addition to the relative contributions of individua congenersto TEQ vaues, the rlative contributions
of dioxin congeners, furan congeners, and PCB congenersto the total TEQ values were assessed. The
percentile results are shown in Table 3.11. Dioxins made the largest median relative contribution, 51%,
with amean of 51% and arange from 8% to 92%. Furans made the smallest median rdlaive
contribution, 19%, with amean of 22% and arange from 3% to 87%. PCBs had amedian relaive
contribution of 27%, with amean of 28% and a range from 0% to 89%. Thus, while on average the
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relative contribution of PCBs to the total TEQ vaue may be over one quarter of the total TEQ vaue,
the relative contribution varies widdly from sample to sample, and may be as large as 8%%.

Finaly, we assessed the prevaence of each congener in the samples, i.e., the fraction of samplesin
which a particular congener was detected. The results are shown in Figure 3.29. 2,3,7,8-TCDD
(congener 2) was detected in 26% of samples. Ten congeners, 13 (1,2,3,4,6,7,8-HpCDF), 15
(1,2,3,4,6,7,8-HpCDD), 16 (OCDF), 17 (OCDD), 19 (PCB-77), 21 (PCB-118), 22 (PCB-114), 23
(PCB-105), 25 (PCB-167), 26 (PCB-156), and 29 (PCB-189), were detected in over 80% of
samples. Three congeners, 3 (1,2,3,7,8-PeCDF), 9 (1,2,3,7,8,9-HxCDF), and 28 (PCB-169), were
detected in less than 10% of samples.

D
Cambridge Environmental Inc

58 Charles Street Cambridge, Massachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com

3A-1



Table3.1 Summary of mass fraction totals for the 200 biosolids samples. (pg/g)
Non-detects set to detection limits. Non-detects set to one-half of Non-detects set to zero.
Sample D # _ detet?tignlimits _
Total Dioxins & PCB Total Dioxins & PCB Total Dioxins PCB
Furans Furans & Furans
10040101a 30let04 | 6.80et03 | 2.33et04 | 3.01let04 | 6.79e+03 | 233e+04 | 3.00et04 | 6.77et03 | 2.33et04
10040101b 218et04 | 211e+03 | 197e+04 | 216e+04 | 210e+03 | 1.95e+04 | 2.14e+t04 | 2.08e+03 | 1.94e+04
10040101c 411e+t04 | 2.8%+03 | 3.82et04 | 4.09e+04 | 2.87e+03 | 3.80e+04 | 4.06e+04 | 2.85e+t03 | 3.77e+04
10040101d 3.67et04 | 3.02et03 | 3.36et04 | 3.65e+04 | 299e+03 | 3.35e+04 | 363et04 | 2.97e+t03 | 3.33et04
10051000a 155e+04 | 254e+03 | 1.30e+04 | 1.53e+t04 | 251e+t03 | 1.28e+04 | 152e+04 | 2.49e+03 | 1.27e+04
10051000b 3.95e+t04 | 3.78et03 | 357et04 | 3.94e+04 | 375e+03 | 357e+04 | 394et04 | 3.71et03 | 3.57e+04
10061000a 149e+04 | 2.39%e+03 | 1.25e+04 | 149+04 | 237e+t03 | 1.25e+t04 | 148et04 | 2.35e+03 | 1.25e+04
10071000a 120et04 | 165e+03 | 1.04et04 | 1.19e+04 | 1.63e+t03 | 1.03et04 | 1.1%+04 | 1.62e+03 | 1.03e+04
10081000a 9.10e+03 | 149+03 | 7.61e+t03 | 9.06e+03 | 1.46e+03 | 7.60e+03 | 9.02e+03 | 1.43e+03 | 7.59+03
10091000a-RA 8.73e+t03 | 2.01et03 | 6.72e+03 | 8.44e+03 | 1.99e+03 | 6.46e+03 | 8.15e+03 | 1.96e+t03 | 6.20e+03
10101000a 213et04 | 3.01et03 | 1.83e+04 | 212e+t04 | 299%e+03 | 1.83e+t04 | 2.12et04 | 2.98e+03 | 1.82e+04
10111000a 9.60et04 | 7.55e+03 | 8.85e+04 | 958e+04 | 7.53e+03 | 8.83e+t04 | 9.56et04 | 7.51e+03 | 8.8let(4
10121000a 4.25e+04 | 2.29e+03 | 4.02e+04 | 4.22e+04 | 226e+03 | 399e+04 | 4.20e+04 | 2.23e+t03 | 3.97e+04
10131000a 196e+04 | 256e+03 | 1.71et04 | 1.94e+t04 | 254e+03 | 1.68e+t04 | 191et04 | 251e+03 | 1.66e+04
10141000a 7.65et04 | 145e+04 | 6.20et04 | 7.62e+04 | 1.45e+04 | 6.17e+t04 | 7.60et04 | 145e+04 | 6.15e+04
10141000b 542e+04 | 6.12et03 | 4.80et04 | 538et04 | 6.11e+03 | 4.77et04 | 534et04 | 6.11et03 | 4.73et04
10141000c 35let04 | 752e+t03 | 2.76e+t04 | 347e+04 | 750e+03 | 2.72e+04 | 343e+t04 | 7.49+03 | 2.6%+04
10141000d 1.08et+05 | 246et04 | 833e+04 | 1.07e+t05 | 246e+t04 | 82let04 | 1.05et05 | 2.46e+04 | 8.09e+04
10141000e 4.72e+04 | 7.08e+03 | 4.01e+t04 | 4.71e+04 | 7.07e+03 | 4.00e+04 | 4.70e+04 | 7.06e+03 | 4.00e+04
10141000f 154e+04 | 2.82e+03 | 1.26e+04 | 153e+t04 | 2.79e+03 | 1.25e+04 | 153e+04 | 2.77e+03 | 1.25e+04
10151000a 1.86e+04 | 545e+03 | 1.31et04 | 1.84e+t04 | 543e+03 | 1.30et04 | 1.83e+t04 | 541e+03 | 1.29e+04
10151000b 246et04 | 6.84e+03 | 1.78e+04 | 245e+04 | 6.82e+03 | 1.77e+t04 | 245e+t04 | 6.81le+03 | 1L.77e+04
10151000c 1.80et04 | 4.88e+03 | 1.31et04 | 1.80e+t04 | 4.86e+t03 | 1.31let04 | 1.79e+t04 | 4.84e+03 | 1.3let04
10151000d 147e+04 | 1.95e+03 | 1.27e+04 | 1.46e+04 | 1.92e+03 | 1.26e+04 | 145e+04 | 1.8%e+03 | 1.26e+04
10151000e 433et04 | 294e+03 | 4.03et04 | 4.21et04 | 292e+03 | 392e+04 | 4.09+04 | 2.90et03 | 3.80et04
10152000f 48let04 | 1.08et04 | 3.73et04 | 4.8let04 | 1.08et04 | 373e+04 | 4.80e+t04 | 1.08et04 | 3.72e+04
101510009 3.60et04 | 741et03 | 2.86et04 | 359e+04 | 7.39e+03 | 2.85e+04 | 358e+t04 | 7.37et03 | 2.84et04
10151000h 742e+04 | 6.05e+04 | 1.38et04 | 7.41et04 | 6.05e+04 | 1.36e+t04 | 7.3%+04 | 6.05e+04 | 1.35e+04
10161000a 115e+04 | 154e+03 | 9.94e+03 | 1.14e+t04 | 152e+03 | 9.93e+03 | 1.14e+04 | 1.49e+03 | 9.92e+03
10171000a 231et04 | 4.81et03 | 1.83e+04 | 2.30et04 | 4.79e+03 | 1.82e+04 | 2.29e+04 | 4.77e+03 | 1.82e+04
10181000a 6.87e+t03 | 1.93e+03 | 4.95e+03 | 6.68e+03 | 1.90e+03 | 4.78e+03 | 6.49%e+03 | 1.88e+03 | 4.61e+03
10191000a 3.07e+t04 | 1.02e+t04 | 2.05e+t04 | 3.03e+04 | 1.02e+04 | 2.01e+04 | 3.00e+04 | 1.02e+04 | 1.98e+04
e
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Table3.1 Summary of mass fraction totals for the 200 biosolids samples. (pg/g)
Non-detects set to detection limits. Non-detects set to one-half of Non-detects set to zero.
Sample D # _ detet?tignlimits _
Total Dioxins & PCB Total Dioxins & PCB Total Dioxins PCB
Furans Furans & Furans
10201000a-RA 246e+04 | 211e+03 | 2.25e+04 | 241et04 | 2.09e+03 | 2.20e+04 | 2.36e+04 | 2.07e+t03 | 2.15e+04
10211000a 165e+04 | 9.08e+03 | 7.44e+03 | 1.65e+04 | 9.08e+03 | 7.43e+t03 | 1.65e+04 | 9.08e+03 | 7.42e+03
10221000b 200et03 | 2.99%+02 | 170e+t03 | 194e+03 | 269e+02 | 1.67e+03 | 1.88e+03 | 2.3%+02 | 1.64e+03
10221000c 282et04 | 290et03 | 253e+04 | 28let04 | 2.88e+03 | 2.52e+04 | 2.80et04 | 2.86e+03 | 25let04
10221000e 152e+04 | 193e+03 | 1.32e+04 | 151e+t04 | 1.91e+03 | 1.32e+04 | 150e+t04 | 1.88e+03 | 1.32e+04
10221000f 292et04 | 582e+03 | 2.34et04 | 291et04 | 5.80e+t03 | 2.33e+t04 | 2.90et04 | 5.78e+03 | 2.33e+04
10231000a 343e+t03 | 541et02 | 2.8%+03 | 3.35e+03 | 512e+02 | 284e+03 | 327e+t03 | 4.84et02 | 2.78e+03
10241000a 1.85e+03 | 4.35e+t02 | 141e+t03 | 1.77e+03 | 4.06e+t02 | 137e+03 | 1.70e+03 | 3.77e+t02 | 1.32e+03
10241000b 118e+04 | 1.63e+03 | 1.02e+04 | 1.17e+04 | 1.61e+03 | 1.01le+t04 | 1.15e+04 | 1.58e+03 | 9.96e+03
10251000a 209+04 | 574e+03 | 151et04 | 2.05e+t04 | 572e+03 | 1.47e+04 | 2.01let04 | 5.69e+03 | 1.44e+04
10251200a 171e+04 | 353e+03 | 1.36e+t04 | 1.69e+04 | 350et03 | 1.34et04 | 1.67e+t04 | 3.48e+03 | 1.33e+04
10261000a 267et04 | 9.35e+03 | 1.73e+04 | 262e+04 | 9.33e+t03 | 1.69e+04 | 2.58et04 | 9.31e+03 | 1.65e+04
10271100a 120e+04 | 2.18e+03 | 9.84e+03 | 1.20e+04 | 2.16e+03 | 9.83e+03 | 1.20et04 | 2.13e+03 | 9.82e+03
10271100b 837e+t03 | 1.86et03 | 6.52e+03 | 7.99e+03 | 1.83e+03 | 6.16e+03 | 7.61e+03 | 1.81e+t03 | 5.80e+03
10281100a 3.73et04 | 893et03 | 2.83et04 | 3.72e+04 | 892e+03 | 283e+04 | 3.71et04 | 8.90et03 | 2.82e+04
10281100b 23let04 | 3.15e+03 | 1.99e+04 | 230e+t04 | 313e+03 | 1.98e+04 | 2.28et04 | 3.11e+03 | 1.97e+04
10291100a-RA 190e+03 | 1.76e+03 | 1.35e+02 | 1.81e+03 | 1.74e+03 | 6.74e+01 | 1.72e+03 | 1.72e+03 | 0.00e+00
10301100a 35%+03 | 6.73et02 | 2.92e+03 | 349e+03 | 6.45e+02 | 2.85e+03 | 3.3%+03 | 6.17e+t02 | 2.78e+03
10311100a 406et04 | 10let04 | 3.05et04 | 4.05e+04 | 10let04 | 3.04et04 | 4.03e+t04 | 1.0let04 | 3.03e+04
10311100b 4.92e+04 | 1.38et04 | 354et04 | 491e+04 | 1.38et04 | 353e+04 | 4.90e+04 | 1.38et04 | 3.52e+04
10321100a 3.72e+t04 | 4.27e+t03 | 3.29et04 | 371et04 | 4.25e+03 | 329e+04 | 3.71et04 | 4.23e+t03 | 3.28et+04
10331100a 197e+04 | 2.08et03 | 1.76e+04 | 1.77e+04 | 2.06e+t03 | 157e+t04 | 157e+t04 | 2.04e+03 | 1.37e+04
10341100a 510e+03 | 9.83et02 | 4.12e+03 | 4.99e+03 | 955e+02 | 4.04e+03 | 4.88e+03 | 9.28e+02 | 3.96e+03
10351100a 344e+t04 | 1.26et04 | 2.18et04 | 3.3%e+04 | 126et04 | 213e+04 | 334et04 | 1.26e+t04 | 2.08e+04
10351100b 235et04 | 6.31et03 | 1.72e+04 | 232e+t04 | 6.29e+03 | 1.69e+04 | 2.30et04 | 6.27e+03 | 1.67e+04
10361100a 3.3et04 | 58let03 | 2.75e+t04 | 3.32e+04 | 5.80et03 | 274e+04 | 3.30e+t04 | 5.79%+03 | 2.73et+t04
10371100a 342e+t04 | 4.98et03 | 292et04 | 342e+04 | 496e+03 | 292e+04 | 341et04 | 4.94e+03 | 2.92e+04
10381100a 214e+04 | 2.03e+03 | 1.93e+04 | 210et04 | 2.00e+03 | 1.90e+t04 | 2.06e+t04 | 1.98e+03 | 1.86e+04
10381100b 3.63et04 | 4.65et03 | 3.16et04 | 3.63et04 | 4.62e+03 | 3.16e+04 | 362e+04 | 4.60et03 | 3.16e+04
10391100a 9.90et03 | 147e+03 | 843et03 | 9.77e+03 | 1.45e+03 | 833e+03 | 9.64e+03 | 143et03 | 8.22e+03
10391100b 6.51e+t03 | 1.08et03 | 543e+03 | 6.39e+03 | 1.06e+03 | 534e+t03 | 6.28e+03 | 1.03e+t03 | 5.24e+03
10391100c 8.32e+02 | 1.33e+t02 | 6.99e+02 | 7.11e+02 | 9.79e+01 | 6.13e+02 | 590e+02 | 6.26e+t01 | 5.27e+02
e
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Table3.1 Summary of mass fraction totals for the 200 biosolids samples. (pg/g)
Non-detects set to detection limits. Non-detects set to one-half of Non-detects set to zero.
Sample D # _ detet?tignlimits _
Total Dioxins & PCB Total Dioxins & PCB Total Dioxins PCB
Furans Furans & Furans
10391100d 166e+t04 | 3.70et03 | 129e+04 | 1.65e+04 | 3.68e+t03 | 1.29e+04 | 1.64et04 | 3.65e+03 | 1.28e+04
10391100e 146e+04 | 113e+03 | 1.34et04 | 1.45e+04 | 1.10e+03 | 1.34e+t04 | 145e+04 | 1.08e+03 | 1.34et04
10391100f 118e+04 | 142e+03 | 1.04et04 | 1.17e+t04 | 1.40e+03 | 1.03e+t04 | 1.15e+04 | 1.37e+03 | 1.0le+04
10401100a 240et04 | 117e+04 | 1.23e+04 | 2.38e+t04 | 1.17e+t04 | 1.21et04 | 2.36e+04 | 1.17e+t04 | 1.18e+04
10401100b 7.66e+03 | 5.38et03 | 2.28e+03 | 7.56e+03 | 536e+03 | 221e+03 | 7.46e+03 | 5.33e+03 | 2.13e+03
10401100c 155e+04 | 9.96e+03 | 559e+03 | 1.55e+04 | 9.93e+03 | 552e+03 | 154e+t04 | 9.91e+03 | 5.45e+03
10411100a 101et04 | 252e+03 | 7.59e+03 | 9.90e+03 | 251et03 | 7.3%+03 | 9.6%+03 | 2.50e+03 | 7.19e+03
10411100b 3.89%+03 | 820et02 | 3.07et03 | 3.78e+03 | 7.96e+02 | 299e+03 | 3.68e+t03 | 7.72e+t02 | 2.91e+03
10421100a 7.40e+03 | 1.38et03 | 6.02e+03 | 7.36e+03 | 1.36e+03 | 6.00e+03 | 7.32e+03 | 1.34e+03 | 5.97e+03
10431100a 5%4e+03 | 1.32e+03 | 4.62e+03 | 581et03 | 1.29e+03 | 4.52e+03 | 5.68e+03 | 1.26e+03 | 4.41e+03
10441100a 353et04 | 6.73et03 | 2.86et04 | 352e+04 | 6.71e+03 | 2.85e+04 | 351let04 | 6.69%+03 | 2.84e+04
10441100b 142e+04 | 253e+03 | 1.17e+t04 | 142e+t04 | 252e+03 | 1.16e+04 | 141et04 | 250e+03 | 1.16e+04
10441100c 4.75e+04 | 5.72e+03 | 4.18e+t04 | 4.70e+04 | 570e+03 | 4.13e+04 | 4.65e+04 | 5.69+03 | 4.09e+04
10441100d 6.27e+t04 | 1.28et04 | 4.98e+04 | 6.26e+04 | 1.28e+t04 | 4.98e+04 | 6.25e+t04 | 1.28e+04 | 4.97e+04
10441100e 233et04 | 3.00et03 | 2.03et04 | 232e+04 | 298e+03 | 2.03e+04 | 2.32et04 | 2.95¢e+03 | 2.02e+04
10441100f 502e+t04 | 7.68et03 | 4.25e+t04 | 5.00et04 | 7.66e+03 | 4.24e+04 | 499%+04 | 7.63et03 | 4.23e+04
10441100g 3.66et04 | 7.63et03 | 2.90et04 | 3.65e+04 | 7.61e+03 | 2.89e+04 | 363e+t04 | 7.60et03 | 2.87e+04
10441100h 194e+04 | 1.88e+03 | 1.75e+04 | 1.93e+04 | 1.85e+t03 | 1.75e+t04 | 1.92e+t04 | 1.83e+03 | 1.74e+04
10441100i 517e+04 | 342et03 | 4.83et04 | 5.16e+04 | 3.39e+03 | 4.82e+04 | 515e+04 | 3.37et03 | 4.8let04
10441100 1.36et+05 | 152e+04 | 1.21e+05 | 1.35e+05 | 1.52e+04 | 1.20e+05 | 1.35e+05 | 152e+04 | 1.19e+05
10441100k 4.10e+t04 | 7.89%+03 | 331let04 | 4.08e+04 | 7.87e+03 | 329e+04 | 4.06e+04 | 7.85e+03 | 3.28e+04
104411001 4.74e+04 | 7.61et03 | 3.97et04 | 4.72e+04 | 7.60e+03 | 396e+04 | 4.71et04 | 7.60et03 | 3.95e+04
10441100m 6.30et04 | 2.87et04 | 342e+04 | 628e+t04 | 2.87e+t04 | 342e+04 | 6.27et04 | 2.87e+04 | 34let04
10441100n 356et04 | 6.10et03 | 2.95e+04 | 355e+04 | 6.08e+03 | 294e+04 | 353e+04 | 6.06e+t03 | 2.92e+04
104411000 0.82e+t04 | 823et+03 | 9.00et04 | 9.76e+04 | 822e+03 | 894e+t04 | 9.69%+04 | 8.20e+03 | 8.87e+04
10441100p 398et04 | 1.77e+04 | 221e+t04 | 397e+04 | 1.77e+04 | 221e+04 | 397e+04 | 1.77e+04 | 2.20e+04
10441100q 584et04 | 9.67et03 | 487et04 | 5.8let04 | 9.66e+03 | 4.84e+04 | 577et04 | 9.64et03 | 4.8let04
10441100r 450e+t04 | 1.09et04 | 341et04 | 4.49+04 | 1.09e+04 | 3.40e+04 | 4.49%e+04 | 1.09e+04 | 3.40e+04
10441100s 2.73et04 | 348et03 | 2.38et04 | 2.72e+04 | 3.45e+03 | 2.37e+t04 | 2.71et04 | 343e+03 | 2.36e+04
10441100t 168et05 | 1.20et04 | 156e+05 | 1.68e+05 | 1.19%e+04 | 156et05 | 1.68e+t05 | 1.19e+04 | 1.56e+05
10441100u-RA 149e+04 | 510e+03 | 9.80e+03 | 1.48e+04 | 5.08e+t03 | 9.71e+03 | 147e+04 | 5.07e+03 | 9.62e+03
10441100v 547e+04 | 8.93e+03 | 4.58e+04 | 546e+04 | 891e+03 | 4.57e+04 | 545e+04 | 8.90e+03 | 4.56e+04
e
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Table3.1 Summary of mass fraction totals for the 200 biosolids samples. (pg/g)
Non-detects set to detection limits. Non-detects set to one-half of Non-detects set to zero.
Sample D # _ detet?tignlimits _
Total Dioxins & PCB Total Dioxins & PCB Total Dioxins PCB
Furans Furans & Furans
10441100w 250e+t04 | 4.37e+03 | 2.07e+04 | 246e+04 | 4.34et03 | 2.02e+04 | 241e+04 | 4.32e+03 | 1.98e+04
10441100x 557e+t04 | 1.16et04 | 441et04 | 555e+04 | 1.16e+04 | 4.39e+04 | 554e+t04 | 1.16e+t04 | 4.38e+04
10441100y 53let04 | 193et04 | 3.38et04 | 530et04 | 1.93e+t04 | 3.37e+t04 | 529+04 | 1.92e+04 | 3.37e+04
10451100a 2.9%+03 | 3.77e+t02 | 2.62e+03 | 2.83e+03 | 348e+t02 | 248e+03 | 2.67e+03 | 3.20et02 | 2.35e+03
10461100a 4.67e+04 | 807et03 | 387et04 | 4.67e+04 | 8.06e+03 | 3.86e+04 | 4.67e+04 | 8.05e+03 | 3.86e+04
10471100a 515e+03 | 151e+t03 | 3.64e+03 | 5.03e+03 | 1.48e+03 | 355e+03 | 4.91e+03 | 145e+03 | 3.45e+03
10481100a 3.35e+t03 | 6.57et02 | 2.70e+t03 | 3.27e+03 | 6.30e+02 | 2.64e+03 | 319e+03 | 6.03e+t02 | 2.59%+03
10491100a 237et04 | 511e+03 | 1.86et04 | 233e+04 | 5.09+03 | 1.82e+04 | 2.29et04 | 5.07e+03 | 1.78e+04
10501100a 175e+04 | 3.15e+03 | 143e+04 | 1.75e+04 | 3.13e+03 | 1.43e+t04 | 1.74e+04 | 3.10e+03 | 1.43e+04
10501100b 90.87e+t03 | 1.33et+03 | 854e+03 | 9.74e+03 | 1.30e+03 | 8.44e+03 | 9.60e+03 | 1.27e+03 | 8.33e+03
10511100a 85%+03 | 147et03 | 7.11e+t03 | 855e+03 | 145e+03 | 7.10e+03 | 850e+03 | 1.42e+03 | 7.08e+03
10521100a 6.09et03 | 2.77e+t03 | 3.33e+03 | 6.00et03 | 274e+03 | 326e+03 | 590e+03 | 2.71et03 | 3.19e+03
10531100a 127e+04 | 6.16e+03 | 652e+03 | 1.27e+04 | 6.15e+03 | 6.50e+t03 | 1.26e+04 | 6.13e+03 | 6.48e+03
10541100a 208et04 | 812e+03 | 1.27e+04 | 2.04et04 | 810e+t03 | 1.23e+04 | 2.00et04 | 8.07e+03 | 1.20e+04
10541100b 553e+t04 | 248et04 | 3.05et04 | 552e+04 | 248e+04 | 3.04et04 | 550e+t04 | 247et04 | 3.03e+04
10551100a 535e+t04 | 1.19%+04 | 4.16et04 | 530et04 | 119e+04 | 412e+04 | 526e+04 | 1.19%+04 | 4.07et04
10561100a 4.32e+03 | 1.08et03 | 3.24e+03 | 4.26e+03 | 1.06e+03 | 320e+03 | 4.20e+03 | 1.04e+03 | 3.16e+03
10571100a 165e+04 | 3.86et03 | 127e+04 | 1.65e+04 | 3.86e+t03 | 1.26e+t04 | 1.65e+t04 | 3.85e+03 | 1.26e+04
10571100b 243e+t04 | 2.95e+03 | 2.14et04 | 242e+t04 | 2.93e+03 | 213e+t04 | 242e+04 | 2.90e+t03 | 2.13e+t04
10581100a 202e+04 | 3.31e+t03 | 1.69e+04 | 1.99e+04 | 3.28e+03 | 1.66e+04 | 1.96e+t04 | 3.26e+03 | 1.63e+04
10591100a 1.33et04 | 222e+03 | 1.10e+04 | 1.32e+04 | 2.20e+03 | 1.10e+t04 | 1.31et04 | 2.18e+03 | 1.09e+04
10601100a 7.88et+t03 | 1.36et03 | 6.52e+03 | 7.76e+03 | 1.33e+03 | 6.43e+03 | 7.64e+03 | 1.31et03 | 6.34e+03
10611100a 237et04 | 2.21e+03 | 215e+04 | 2.37e+04 | 2.18e+03 | 2.15e+04 | 2.37e+04 | 2.16e+03 | 2.15e+04
10621100a 205et04 | 3.26e+t03 | 172e+04 | 1.99e+04 | 3.24e+t03 | 1.67e+t04 | 1.93e+t04 | 3.22e+03 | 1.6let04
10621100b 5.73e+03 | 8.69%+02 | 4.86e+t03 | 5.65e+03 | 841et02 | 4.81e+03 | 558e+03 | 8.14e+02 | 4.76e+03
10621100c 1.08e+t03 | 244e+t02 | 831let02 | 9.3%e+02 | 2.18et02 | 7.21e+t02 | 8.03e+t02 | 1.93e+t02 | 6.11e+02
10631100a 3.62e+t03 | 542et02 | 3.08et03 | 350e+03 | 513et02 | 299e+03 | 3.38e+t03 | 4.84et02 | 2.90e+03
10641100a 2.76et04 | 1.39%+04 | 137e+04 | 2.75e+04 | 1.38e+t04 | 1.36e+t04 | 2.74e+04 | 1.38et04 | 1.36et+04
10641100b 2.74e+04 | 741e+03 | 1.99e+04 | 273e+t04 | 7.39e+03 | 1.99e+04 | 2.73et04 | 7.38e+03 | 1.99e+04
10641100c 325e+t04 | 2.72et04 | 530et03 | 324et04 | 271et04 | 524e+03 | 323e+t04 | 2.71et04 | 5.18e+03
10641100d 2.88et04 | 743et03 | 213e+04 | 2.86et04 | 7.42e+03 | 2.12e+04 | 2.85e+t04 | 7.40e+03 | 2.1let+04
10641100 4.99+03 | 141e+t03 | 3.58e+03 | 4.93e+03 | 1.38e+03 | 355e+03 | 4.87e+03 | 1.36e+t03 | 3.52e+03
e
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Table3.1 Summary of mass fraction totals for the 200 biosolids samples. (pg/g)
Non-detects set to detection limits. Non-detects set to one-half of Non-detects set to zero.
Sample D # _ detet?tignlimits _
Total Dioxins & PCB Total Dioxins & PCB Total Dioxins PCB
Furans Furans & Furans
10651100a 3.66et04 | 114et04 | 252e+t04 | 3.66et04 | 114et04 | 251et04 | 365e+t04 | 1.14et04 | 2.5let04
10651100b 7.80et04 | 1.36et04 | 6.43et04 | 7.78e+04 | 1.36e+t04 | 6.42e+t04 | 7.77e+t04 | 1.36et+04 | 6.41et04
10651100c 6.88et04 | 137et04 | 551e+t04 | 6.85e+04 | 1.37e+t04 | 548e+t04 | 6.82e+t04 | 1.37e+04 | 5.45e+04
10661100a 1.02e+05 | 5.00et03 | 9.67e+t04 | 1.0le+t05 | 4.98e+t03 | 9.64et04 | 1.0let05 | 4.96e+03 | 9.62e+04
10681100a 298et04 | 4.72e+03 | 251et04 | 298e+04 | 4.71e+03 | 251e+t04 | 2.97e+04 | 4.69e+03 | 2.50e+04
10691200a 3.73et04 | 456et03 | 327et04 | 3.72e+04 | 454e+03 | 326e+04 | 3.71et04 | 452e+03 | 3.26e+04
10701200a 288et03 | 593et+02 | 2.29e+03 | 265e+03 | 565e+02 | 2.09e+03 | 243e+03 | 5.37e+t02 | 1.8%+03
10711200a 597e+03 | 146et03 | 451et03 | 5.88e+03 | 143e+03 | 4.45e+03 | 579%+03 | 140et03 | 4.38e+03
10711200b 161et04 | 229e+03 | 1.38e+04 | 1.60e+t04 | 2.27e+03 | 1.37e+04 | 158e+04 | 2.25e+03 | 1.36e+04
10721200a 7.23e+t03 | 1.88et03 | 5.35e+03 | 7.01e+03 | 1.86e+03 | 5.14e+03 | 6.78e+03 | 1.84e+03 | 4.94e+03
10731200a 101et04 | 5.68e+03 | 4.46e+03 | 1.0le+t04 | 5.65e+03 | 4.40et03 | 9.97e+03 | 5.62e+03 | 4.35e+03
10731200b 1.00et04 | 217e+03 | 7.88e+03 | 9.87e+t03 | 215e+03 | 7.73et03 | 9.70et03 | 2.12e+03 | 7.58e+03
10741200a 265et04 | 3.96e+03 | 2.25e+04 | 2.63e+t04 | 394e+t03 | 2.24e+t04 | 2.62e+t04 | 3.91e+03 | 2.23e+04
10741200b 2.70et04 | 3.30et03 | 2.37e+04 | 267et04 | 3.28e+03 | 2.34e+t04 | 2.63et04 | 3.25e+03 | 2.3let04
10751200a 3.63e+t03 | 7.0let02 | 2.93et03 | 351et03 | 6.73e+02 | 284e+03 | 3.40e+t03 | 6.44et02 | 2.75e+03
10751200b 257et04 | 4.98et03 | 207e+t04 | 253e+04 | 4.96e+03 | 2.03e+04 | 249%+04 | 4.94e+03 | 2.00e+04
10761200a 21%e+04 | 7.75e+03 | 142e+04 | 217e+04 | 7.73e+03 | 1.39%e+04 | 2.14e+t04 | 7.71e+03 | 1.37e+04
10761200d 8.88et03 | 7.95et02 | 8.08et03 | 852e+03 | 7.72e+02 | 7.74e+03 | 815e+03 | 7.49%+02 | 7.41e+03
10761200e 1.38et04 | 552e+03 | 832e+03 | 1.35e+04 | 551et03 | 8.03et03 | 1.32e+t04 | 550e+03 | 7.75e+03
10771200a 2.38et03 | 343et02 | 204e+03 | 231e+03 | 323e+02 | 1.99e+03 | 2.23e+03 | 3.02e+02 | 1.93e+03
10781200a 448e+t04 | 1.79e+04 | 2.69%+04 | 4.36e+04 | 179e+04 | 257e+04 | 4.24e+t04 | 1.79e+04 | 2.46e+04
10781200b 171e+04 | 3.00et03 | 141et04 | 1.69e+04 | 2.98e+03 | 1.39%+04 | 167et04 | 2.95e+03 | 1.37e+04
10781200c 306et05 | 291et05 | 144et04 | 3.06et05 | 291et05 | 143e+04 | 3.06et05 | 291et05 | 1.43et04
10791200a 853e+03 | 1.38et03 | 7.16e+t03 | 8.41e+03 | 1.35e+03 | 7.06e+03 | 828e+03 | 1.32e+03 | 6.96e+03\
10791200b 148e+04 | 173e+03 | 1.30e+04 | 1.45e+04 | 1.70e+03 | 1.28e+t04 | 142e+04 | 1.68e+03 | 1.25e+04
10791200c 7.9%+03 | 107e+t03 | 6.91e+t03 | 7.93e+03 | 1.04e+03 | 6.89e+03 | 7.88e+03 | 1.02e+03 | 6.86e+03
10791200d 1.34e+t04 | 2.74e+03 | 1.07e+t04 | 133et04 | 2.72e+03 | 1.06e+t04 | 131let04 | 2.70e+t03 | 1.04et04
10791200e 897e+03 | 252e+03 | 6.45e+03 | 8.86e+03 | 249e+03 | 6.36e+03 | 8.74e+t03 | 2.47e+t03 | 6.27e+03
10791200f 267e+t05 | 5.05e+t03 | 2.62e+05 | 266e+05 | 504e+03 | 2.61e+t05 | 2.65e+t05 | 5.04e+03 | 2.60e+05
107912009 203et04 | 4.08et03 | 1.62e+04 | 2.02e+04 | 4.06e+03 | 1.62e+04 | 2.0let04 | 4.04e+03 | 1.6let04
10801200a 319%+04 | 1.68et04 | 15let04 | 3.19e+04 | 168e+04 | 151e+04 | 318e+04 | 1.68e+t04 | 1.50e+04
10811200a 7.97e+03 | 2.35e+03 | 562e+03 | 7.93e+03 | 2.33e+03 | 5.60e+03 | 7.88e+03 | 2.30e+03 | 5.58e+03
e
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Table3.1 Summary of mass fraction totals for the 200 biosolids samples. (pg/g)
Non-detects set to detection limits. Non-detects set to one-half of Non-detects set to zero.
Sample D # _ detet?tignlimits _
Total Dioxins & PCB Total Dioxins & PCB Total Dioxins PCB
Furans Furans & Furans
10811200b 161et03 | 6.08e+02 | 9.99e+02 | 1.53e+03 | 573et02 | 9.5%+02 | 146e+t03 | 5.38e+02 | 9.19e+02
10821200a 25%+04 | 357e+03 | 223e+04 | 258e+04 | 356e+t03 | 2.22e+04 | 257e+t04 | 3.54e+03 | 2.22e+04
10831200a 172e+04 | 8.83et02 | 164et04 | 1.72e+04 | 855e+t02 | 1.63e+t04 | 1.71e+t04 | 8.27e+02 | 1.63e+04
10841200a 5.95e+04 | 1.68et04 | 4.27e+t04 | 5.85e+04 | 1.68et04 | 4.18e+04 | 576e+04 | 1.68et04 | 4.08e+04
10851200a 401e+t04 | 1.03et04 | 298et04 | 4.01e+04 | 1.03et04 | 297e+04 | 4.00e+04 | 1.03e+t04 | 2.97e+04
10861200a 264et04 | 543et+03 | 2.10et04 | 263e+t04 | 541e+t03 | 2.09e+04 | 2.63e+t04 | 5.3%+03 | 2.09e+04
10870101a 153e+04 | 6.62e+03 | 8.69e+03 | 1.52e+04 | 6.60et03 | 857e+t03 | 1.50et04 | 6.58e+03 | 8.44e+03
10871200a 6.19e+04 | 1.76e+04 | 4.43e+04 | 6.18e+t04 | 1.76e+t04 | 4.42e+04 | 6.17e+04 | 1.76e+t04 | 4.42e+04
10871200b 1.02e+04 | 2.80et03 | 7.38e+03 | 9.93e+03 | 2.78e+03 | 7.15e+03 | 9.67e+03 | 2.75e+03 | 6.92e+03
10881200a 1.69e+04 | 3.15e+03 | 1.37e+04 | 1.67e+t04 | 3.14e+t03 | 1.35e+t04 | 1.65e+t04 | 3.12e+03 | 1.34et04
10891200a 8.71e+t03 | 2.04et03 | 6.67e+t03 | 857e+03 | 203e+03 | 654e+03 | 843e+t03 | 2.01let03 | 6.42e+03
10901200a 9.50et03 | 2.15e+03 | 7.35e+03 | 9.15e+03 | 213e+03 | 7.03e+03 | 88le+t03 | 2.10et03 | 6.70e+03
10911200a 90.05e+03 | 1.34et03 | 7.71e+03 | 9.02e+03 | 1.32e+03 | 7.70e+03 | 8.98e+03 | 1.29e+03 | 7.6%+03
10921200a 1.84e+04 | 355e+03 | 1.48e+04 | 1.83e+t04 | 352e+03 | 147e+t04 | 1.8let04 | 3.49e+03 | 1.46e+04
10931200b 153e+04 | 2.30et03 | 1.30et04 | 152e+04 | 2.28e+03 | 1.29e+04 | 151et04 | 2.26e+03 | 1.29e+04
10941200a 224et04 | 834et03 | 141et04 | 222e+04 | 833e+03 | 1.3%+04 | 2.20et04 | 831et03 | 1.37e+04
10951200a 814e+03 | 144e+03 | 6.70et03 | 7.79e+03 | 141e+03 | 6.38e+03 | 7.45e+03 | 1.3%+03 | 6.06e+03
10961200a 6.09e+03 | 1.8%+03 | 4.20e+t03 | 593e+03 | 1.86e+03 | 4.07e+03 | 5.78e+03 | 1.84e+03 | 3.94e+03
10961200b 1.3%e+04 | 533e+03 | 857e+03 | 1.38e+t04 | 5.30et03 | 846et03 | 1.36et04 | 5.27e+03 | 8.36e+03
10971200a 3.90et04 | 9.90et03 | 291et04 | 3.87e+04 | 9.90e+03 | 2.88e+04 | 3.83e+t04 | 9.90et03 | 2.84e+04
10981200a 0.80et03 | 9.55e+02 | 8.84e+03 | 9.75e+03 | 9.32e+02 | 882e+03 | 9.70e+03 | 9.10et02 | 8.79e+03
10991200a 2.70et04 | 4.17e+03 | 2.28e+04 | 269e+04 | 4.15e+03 | 2.27e+04 | 2.68et04 | 4.13e+03 | 2.27e+04
11001200a 3.32e+t04 | 747et03 | 257e+t04 | 3.30et04 | 7.46e+03 | 255e+04 | 327e+04 | 7.45et03 | 2.53e+04
11010101a 851e+t03 | 1.05e+t03 | 7.46e+03 | 8.46e+03 | 1.03e+03 | 7.43e+03 | 8.41e+03 | 1.00e+t03 | 7.40e+03
11020101a 791et04 | 511e+03 | 7.40e+04 | 7.83e+04 | 5.09e+03 | 7.33e+t04 | 7.76et04 | 5.07e+03 | 7.26e+04
11030101a 5.06et04 | 2.6%+04 | 237et04 | 4.99e+04 | 2.69e+04 | 230et04 | 492e+04 | 2.6%+04 | 2.23e+04
11040101a 323et04 | 318et03 | 291et04 | 321et04 | 3.16e+03 | 2.89%e+04 | 318e+t04 | 3.13et03 | 2.87et04
11050101a 242e+04 | 3.31et03 | 2.09e+04 | 23%+04 | 329e+03 | 2.06e+t04 | 2.36et04 | 3.26e+03 | 2.04e+04
11060101a 218et04 | 4.76e+t03 | 170e+04 | 216e+t04 | 4.75e+03 | 1.68e+04 | 2.14et04 | 4.74e+03 | 1.66e+04
11070101a 450e+t03 | 899%+02 | 3.60et03 | 4.39e+03 | 878e+02 | 352e+03 | 4.29e+03 | 856et02 | 3.43e+03
11080101a 216et04 | 163et04 | 523e+03 | 214et04 | 1.63e+04 | 510e+03 | 213e+t04 | 1.63e+t04 | 4.96e+03
11090101a 560et+t03 | 6.88e+02 | 4.91e+03 | 551e+03 | 6.60e+02 | 4.85e+03 | 5.41e+03 | 6.32e+02 | 4.78e+03
e
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Table3.1 Summary of mass fraction totals for the 200 biosolids samples. (pg/g)
Non-detects set to detection limits. Non-detects set to one-half of Non-detects set to zero.
detection limits
SampleID # — — —
Tota Dioxins & PCB Tota Dioxins & PCB Tota Dioxins PCB
Furans Furans & Furans
11100101a 216e+04 | 1.82e+03 | 1.98et+04 214e+04 | 1.79e+03 | 1.97e+04 | 2.13e+04 1.76e+03 | 1.95e+04
11100101b 142e+04 | 146e+03 | 1.27e+04 140et+t04 | 143e+03 | 1.26e+04 | 1.39%e+04 1.40e+03 | 1.25e+t04
11110101a 1.08e+t05 | 7.76et+t04 | 3.05e+04 1.08et+t05 | 7.76et+t04 | 3.05e+04 | 1.08e+05 7.75e+04 | 3.05et+04
11120101a 1.37e+04 | 1.42e+03 | 1.23e+04 1.36e+04 | 1.40et03 | 1.22e+04 | 1.34et04 1.38e+03 | 1.20et+t04
11130101a 171et04 | 6.64e+03 | 1.05e+04 171et04 | 6.63e+03 | 1.04e+04 | 1.70e+04 6.62e+03 | 1.04et04
11140101a 1.06e+t04 | 2.35e+03 | 8.26e+03 1.04et04 | 2.33e+03 | 8.07e+03 1.02e+04 2.31e+03 | 7.88et+03
11150501a 349e+04 | 4.73e+03 | 3.0let04 348e+04 | 4.72e+03 | 3.01et04 | 3.48et+t04 4.70e+03 | 3.01e+t04
11150501b 1.71e+04 | 2.66e+03 | 1.45e+04 1.71e+04 | 2.64e+03 | 1.44e+04 | 1.70e+04 2.61e+03 | 1.44e+04
Ny
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Table3.2 Characteristics of mass fraction data
Mean Standard
Treatment of Number of mass Star_1dz_:\rd error of the Median
Data subset samples : deviation mean
non-detects (N) fraction (pg/g) (pg/g) (po9/9)
(pg/g)
Total 200 2.97e+04 3.57e+04 2.52e+03 2.11et04
Detection limits | Dioxinsand Furans 200 7.52e+03 2.18et04 1.54e+03 3.50e+03
PCBs 200 2.22e+04 2.68et+04 1.89%e+03 1.50et+04
Total 200 2.95e+04 3.56e+04 2.52e+03 2.07e+04
Onehalf 1 insand Furans 200 750et03 | 218e+t04 | 154et03 | 348e+03
detection limits
PCBs 200 2.20e+04 2.67e+04 1.89%e+03 1.47e+04
Total 200 2.93e+04 3.56e+04 2.52e+03 2.04et+04
Zero Dioxins and Furans 200 7.48e+03 2.18e+04 1.54e+03 3.45e+03
PCBs 200 2.18et+04 2.66et+04 1.88e+03 1.44e+04

Table3.3 Percentiles of mass fraction data
Non-detects set to detection limits Non-detects _set tq one half of Non-detects set to zero
detection limits

Total Di;r)]((ijns PCBS Total Di:ri((ijns PCBs Total Di;r)]((ijns PCBS

(pg/9) lz;g/ag)s ) (pg/9) ?;g’;\g)s ) (pg/9) lz;g/ag)s )
Minimum 832e+02 | 1.33e+02 | 1.35et02 | 7.11et02 | 9.79e+01 | 6.74e+tO1 | 590e+02 | 6.26e+01 | 0.00e+00
10" Percentile 555et03 | 9.80et+02 | 3.64et03 | 546e+03 | 953et+t02 | 355e+03 | 536e+03 | 9.26e+02 | 3.51e+03
25" Percentile 101e+04 | 1.88et03 | 7.56e+03 | 9.8%e+03 | 1.86et03 | 7.43e+03 | 9.69e+03 | 1.83et03 | 7.41e+03
Median 211et04 | 350e+03 | 1.50et04 | 2.07e+04 | 348e+03 | 1.47e+04 | 2.04et04 | 345e+03 | 1.44et04
75" Percentile 3.66e+04 | 7.53e+03 | 2.86et04 | 3.65e+04 | 7.51e+03 | 2.85e+t04 | 3.63et+t04 | 7.49e+03 | 2.84et04
90" Percentile 554et04 | 1.36et04 | 4.18et04 | 552e+04 | 1.36e+t04 | 4.14e+04 | 551et04 | 1.36et04 | 4.08e+04
95" Percentile 7.80et04 | 1.77e+04 | 554et04 | 7.79e+04 | 1.77e+04 | 551et04 | 7.76e+t04 | 1.77e+04 | 5.49e+04
99" Percentile 1.69e+05 | 6.06et04 | 1.21e+t05 | 1.69e+05 | 6.06e+04 | 1.20et05 | 1.69%+05 | 6.06et04 | 1.20e+05
Maximum 3.06et05 | 291et05 | 2.62et05 | 3.06et05 | 291et05 | 2.61et05 | 3.06e+05 | 2.91et05 | 2.60e+05

\'#.‘--
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Total D/F and PCB Mass Distribution

Non-detects set to zero
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Figure 3.1 Histogram of the total mass fraction of dioxin/furan and PCB congeners. Non-detects set to zero.
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Total D/F and PCB Mass Distribution
Non-detects at half detection limits.
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Figure 3.2 Histogram of the total mass fraction of dioxin/furan and PCB congeners. Non-detects set to one-haf detection limits.
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Total D/F and PCB Mass Distribution
Non-detects set to detection limits
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Figure 3.3 Histogram of the total mass fraction of dioxin/furan and PCB congeners. Non-detects st to detection limits.
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Dioxin/Furan M ass Distribution
Non-detects set to zero
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Figure 34 Histogram of the mass fraction of dioxin/furan congeners. Non-detects st to zero.
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Dioxin/Furan M ass Distribution
Non-detects at half detection limits.
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Figure 3.5 Histogram of the mass fraction of dioxin/furan congeners. Non-detects set to one-haf detection limits.
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Dioxin/Furan M ass Distribution
Non-detects set to detection limits
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Figure 3.6 Histogram of the mass fraction of dioxin/furan congeners. Non-detects st to detection limits.
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PCB Mass Distribution

Non-detects set to zero
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Figure 3.7 Histogram of mass fraction of PCB congeners. Non-detects st to zero.
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PCB Mass Distribution
Non-detects at haf detection limits.
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Figure 3.8 Histogram of the mass fraction of PCB congeners. Non-detects set to one-half detection limits.
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PCB Mass Distribution
Non-detects set to detection limits
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Figure 3.9 Histogram of the mass fraction of PCB congeners. Non-detects set to detection limits.
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Table3.4 Toxicity equivalency factorsfor dioxin/furans and dioxin-like PCBs (Van den Berg et

al., 1998)
ongener
E,3,7,8-_TCDF
0,3,7,8-TCDD
1,2,3,7,8-PeCDF 0.05
,3,4,7,8-PeCDF 0.5
1,2,3,7,8-PeCDD 1
1,2,3,4,7,8-HXCDF 0.1
1,2,3,6,7,8-HXxCDF 0.1
0,3,4,6,7,8-HXCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
1,2,3,4,6,7,8-HpCDD 0.01
OCDF 0.0001
OCDD 0.0001
PCB-81 0.0001
PPCB-77 0.0001
pPCB-123 0.0001
PPCB-118 0.0001
PPCB-114 0.0005
PPCB-105 0.0001
PPCB-126 0.1
PCB-167 1E-05
PCB-156 0.0005
ppCB-157 0.0005
PCB-169 0.01
PCB-189 0.0001
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Table3.5 Summary of TEQ totals for the 200 biosolids samples (pg TEQ/Q)
Non-detects set to detection limits. Non-detects set to one half Non-detects set to zero.
SampleID detection limits.
# Total Dioxins PCB Total Dioxins & PCB Total Dioxins & PCB
& Furans Furans Furans
10040101a 30.63 204 8.60 2841 1991 849 26.18 17.79 8.39
10040101b 25.80 1917 6.64 2278 16.30 6.47 19.75 1344 6.31
10040101c 3044 16.98 13.46 2359 14.45 9.13 16.73 11.93 4.80
10040101d 26.92 16.33 1059 23.36 1294 1042 19.80 954 1025
10051000a 19.62 14.14 5.48 11.88 8.26 3.62 414 2.38 176
10051000b 3350 2312 1037 30.39 2011 10.28 2729 1711 1018
10061000a 24.16 20.06 4.10 19.63 16.69 2HA 1510 13.33 178
10071000a 2248 17.63 4.86 18.16 14.85 331 1384 12.08 177
10081000a 16.95 1342 353 10.89 745 344 4.83 149 334
10091000a 1827 14.46 381 10.86 853 233 344 260 0.84
RA
10101000a 2335 17.19 6.17 1837 1231 6.06 1340 744 5.96
10111000a 72.14 40.30 3184 69.94 3857 3137 67.74 36.84 30.90
10121000a 29.00 14.10 14.90 21.05 791 1313 13.09 173 11.37
10131000a 23.36 17.07 6.29 19.85 13.76 6.09 16.34 1044 5.90
10141000a 104.54 76.34 28.19 102.73 74.64 28.09 100.92 7293 27.99
10141000b 50.91 28.99 2192 41.96 27.49 14.47 33.02 2599 7.03
10141000c 54.56 41.23 1333 52.00 39.02 1298 49.44 36.82 1262
10141000d 116.02 66.32 49.70 106.11 66.09 40.02 96.20 65.85 30.34
10141000e 3881 24.46 14.35 37.60 23.36 1424 36.40 22.26 14.14
10142000f 1994 15.45 4.49 1395 9.57 4.38 7.96 368 4.28
10151000a 25.09 19.49 5.61 19.83 16.15 3.69 1457 1281 176
10151000b 27.36 2141 5.95 2253 18.30 4.23 17.69 15.18 251
10151000c 2121 17.68 354 17.05 14.32 2.73 12.89 1097 193
10151000d 17.90 1397 3H 11.65 7.82 383 540 167 3.73
10151000e 89.53 16.58 7295 52.56 1324 30.32 1558 9.90 5.68
10151000f 35.68 21.04 1464 3351 1895 1456 3133 16.85 14.48
10151000g 2125 17.09 10.16 23.87 13.88 9.99 2049 10.67 9.82
10151000h 89.21 84.52 4.69 87.62 84.38 324 86.03 84.23 1.80
10161000a 18.08 14.66 342 1217 884 332 6.26 303 323
10171000a 3471 2521 9.50 28.09 22.02 6.06 2147 1884 263
10181000a 20.31 14.90 541 1297 9.98 3.00 5.63 5.06 0.58
10191000a 39.52 3130 8.23 37.44 20.42 8.02 35.37 27.55 7.82
e
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Table3.5 Summary of TEQ totals for the 200 biosolids samples (pg TEQ/Q)
Non-detects set to detection limits. Non-detects set to one half Non-detects set to zero.
SampleID detection limits.
# Total Dioxins PCB Total Dioxins & PCB Total Dioxins & PCB
& Furans Furans Furans

10201000a 30.52 1582 14.70 2168 12.80 8.88 12.85 9.77 307
RA

10211000a 12317 118.00 5.17 123.08 118.00 5.08 122,98 118.00 4.99
10221000b 1396 1254 142 7.29 6.46 0.83 0.62 0.39 0.23
10221000c 27.77 1824 9.53 25.06 15.63 943 235 13.03 9.33
10221000e 1814 1384 431 11.89 7.69 421 5.64 154 4.10
10221000f 20.74 2124 850 27.01 18.67 8.35 24.28 16.09 8.19
10231000a 1511 12.85 226 804 6.70 134 0.98 055 043
10241000a 14.26 12.86 140 742 6.63 0.79 0.59 041 0.18
10241000b 3214 26.23 591 27.83 22.06 5.77 2352 17.89 5.62
10251000a 2164 16.16 5.48 18.06 12.66 5.40 14.47 9.16 531
10251200a 24.22 14.79 943 1458 892 5.66 494 304 190
10261000a 3153 24.37 7.16 2599 21.26 4.73 20.46 1815 231
10271100a 1864 14.90 3.74 1282 9.17 3.65 7.00 345 355
10271100b 2771 271 4.99 2004 17.19 285 12.37 11.66 0.70
10281100a 3322 24.63 859 30.37 2185 852 2753 19.08 846
10281100b 26.95 1563 11.32 19.38 12.35 7.03 11.80 9.07 2.73
10291100a 1389 1281 108 811 757 054 2.34 2.34 0.00
RA

10301100a 16.94 12.79 4.15 893 6.65 228 0.92 051 041
10311100a 41.58 30.53 11.05 36.55 2893 7.62 3151 27.33 4.18
10311100b 48.74 37.29 11.45 48.28 36.93 11.35 47.82 36.57 11.24
10321100a 3054 19.85 10.69 25.07 17.37 7.69 19.60 14.90 4.70
10331100a 68.11 30.78 37.33 48.72 2177 20.95 20.34 2477 457
10341100a 14.72 1294 178 858 6.93 165 244 091 153
10351100a 3511 26.97 814 33.05 2511 7.9 30.98 2325 7.73
10351100b 25.49 18.35 7.14 1971 12.79 6.92 1394 7.23 6.71
10361100a 37.66 25.87 11.79 36.40 24.71 1168 35.14 2356 1158
10371100a 3347 2134 12.12 30.62 1879 1183 27.78 16.24 1154
10381100a 30.40 212 8.28 24.10 18.66 5.44 17.81 15.20 261
10381100b 33.89 2321 1067 3041 19.83 1057 26.93 16.46 1047
10391100a 2358 20.59 3.00 17.22 1514 2.08 10.86 9.70 116
10391100b 19.47 17.30 2.16 13.89 11.85 2.03 8.30 6.40 1.90
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Table3.5 Summary of TEQ totals for the 200 biosolids samples (pg TEQ/Q)
Non-detects set to detection limits. Non-detects set to one half Non-detects set to zero.
SampleID detection limits.
# Total Dioxins PCB Total Dioxins & PCB Total Dioxins & PCB
& Furans Furans Furans
10391100c 16.33 1228 4.05 824 6.18 2.06 0.15 0.08 0.07
10391100d 25.26 20.81 4.45 18.28 15.09 319 1131 9.38 192
10391100e 17.38 13.96 341 11.37 8.06 331 5.37 2.16 321
10391100f 17.96 14.74 322 11.87 8.79 3.08 5.78 284 294
10401100a 50.26 42.69 757 49.80 42.44 7.36 49.35 42.19 7.15
10401100b 2164 19.36 227 1532 14.05 127 9.00 8.74 0.26
10401100c 2168 18.90 278 1559 12.93 265 949 6.96 252
10411100a 34.72 30.65 4.07 30.73 28.24 250 26.75 25.83 0.92
10411100b 14.67 1312 155 10.66 9.71 0.96 6.66 6.29 0.37
10421100a 19.28 17.03 225 1393 12.37 156 857 7.72 0.86
10431100a 15.86 1348 238 9.73 749 223 359 150 209
10441100a 36.45 24.26 12.18 33.15 2111 12.03 29.85 17.96 11.89
10441100b 3151 2357 7.9 2551 20.72 4.79 1950 17.87 164
10441100c 37.04 21.26 1578 34.64 1911 1553 3224 16.97 1527
10441100d 116.39 3591 80.48 11251 32.03 80.48 108.62 28.15 80.47
10441100e 2125 15.40 5.85 17.70 1195 5.75 14.16 851 5.65
10441100f 38.86 2318 15.68 35.38 19.93 15.44 3189 16.68 1521
10441100g 46.83 36.14 10.68 4550 34.99 1051 44.16 3383 10.33
10441100h 20.09 14.28 5.81 1384 814 5.70 7.58 199 5.60
10441100i 67.67 15.63 5204 61.84 981 52.03 56.02 4.00 52.02
10441100 97.55 49.66 47.89 9%.74 49.29 4745 95.93 4891 47.02
10441100k 38.65 25.82 12.83 34.62 2238 1224 3059 1894 11.65
104411001 45.38 27.98 1741 44.58 27.60 16.98 43.79 2723 16.56
10441100m 69.91 56.34 1357 65.69 52.59 1310 61.48 48.85 1263
10441100n 34.70 2250 1219 3119 1924 1195 27.68 15.98 11.70
104411000 59.75 27.83 31.92 50.26 25.14 2512 40.77 2245 18.32
10441100p 47.88 3884 92.04 46.14 37.23 891 4441 35.62 8.79
10441100q 47.15 2172 1942 45.72 26.83 18.89 44.28 2593 1835
10441100r 46.06 34.49 1157 4442 3295 11.47 42.78 3141 11.37
10441100s 24.68 15.98 8.70 1842 10.10 831 12.15 423 7.93
10441100t 268.02 39.37 228.65 256.35 2771 228.65 244.69 16.05 228.64
10441100u- 25.40 2052 4.88 2111 18.03 3.09 16.83 1553 1.30
RA
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Table3.5 Summary of TEQ totals for the 200 biosolids samples (pg TEQ/Q)
Non-detects set to detection limits. Non-detects set to one half Non-detects set to zero.
SampleID detection limits.
# Total Dioxins PCB Total Dioxins & PCB Total Dioxins & PCB
& Furans Furans Furans
10441100v 41.83 27.90 1393 39.08 2559 1349 36.32 2327 13.05
10441100w 20.16 16.05 1310 2559 12.76 1283 2203 947 1256
10441100x 51.28 37.35 1393 48.27 3447 1379 45.25 3159 13.66
10441100y 68.91 54.82 14.10 65.71 51.80 1391 62.51 48.79 1372
10451100a 24.25 12.80 11.45 1250 6.61 5.88 0.74 043 0.32
10461100a 48.24 34.55 13.69 46.08 3258 1350 43.92 30.61 1331
10471100a 16.92 14.14 279 9.66 803 163 240 193 0.46
10481100a 1391 12.38 153 7.46 6.52 0.4 101 0.65 0.36
10491100a 29.75 2367 6.08 24.69 20.45 4.24 19.63 17.23 239
10501100a 2224 16.64 5.60 16.52 11.02 550 1081 541 5.40
10501100b 1657 13.46 311 1045 748 297 434 150 284
10511100a 17.23 1453 2.70 1144 8.84 260 5.66 3.16 250
10521100a 16.87 1397 290 10.08 841 167 330 285 045
10531100a 62.32 50.84 248 59.92 5754 239 5753 55.23 229
10541100a 2752 18.98 854 1753 12.46 5.07 753 593 1.60
10541100b 39.04 28.65 10.39 35.19 2549 9.69 3134 234 9.00
10551100a 54.50 3721 17.29 53.82 36.84 16.99 53.15 36.46 16.68
10561100a 1651 14.92 159 1053 9.52 101 454 412 043
10571100a 40.89 37.04 384 37.83 34.08 3.75 34.78 3112 3.66
10571100b 22.88 15.92 6.96 17.62 1257 5.06 12.36 921 315
10581100a 2573 17.14 858 21.69 1375 7.9 17.65 10.36 7.29
10591100a 2237 1571 6.66 1417 10.09 4,08 5.98 448 150
10601100a 39.14 30.05 9.09 2654 2153 5.01 1395 13.02 0.93
10611100a 26.19 18.63 7.56 2319 15.79 740 20.19 12.95 7.24
10621100a 2858 18.99 9.59 22.06 16.17 5.89 1555 13.36 219
10621100b 16.89 13.05 385 9.28 7.01 2.27 166 0.97 0.69
10621100c 19.72 1368 6.04 10.85 7.79 3.06 198 190 0.08
10631100a 14.68 1301 1.66 7.84 6.82 102 101 0.63 0.38
10641100a 2743 2374 369 20.99 18.18 281 1454 12.62 192
10641100b 30.20 22.39 7.80 24.95 17.25 7.70 1971 21 7.60
10641100c 63.30 58.95 4.35 55.63 53.08 255 47.95 47.21 0.75
10641100d 30.21 20.77 9.44 2167 1543 6.24 1312 10.08 3.04
e
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Table3.5 Summary of TEQ totals for the 200 biosolids samples (pg TEQ/Q)
Non-detects set to detection limits. Non-detects set to one half Non-detects set to zero.

SampleID detection limits.

# Total Dioxins PCB Total Dioxins & PCB Total Dioxins & PCB

& Furans Furans Furans
10641100e 1641 1458 183 9.67 849 117 293 241 052
10651100a 36.79 27.26 9.53 35.09 25.66 943 33.39 24.06 9.33
10651100b 5257 3328 19.29 5143 3240 19.03 50.29 3152 1876
10651100c 7149 34.06 3743 55.99 33.19 2230 4049 32.32 8.17
10661100a 52.58 2328 20.30 49.27 2021 29.06 45.96 17.15 28.82
10681100a 4156 20.48 12.08 38.32 26.35 11.97 35.09 2323 11.86
10691200a 39.19 29.45 9.74 36.30 26.66 9.64 3341 23.88 9.53
10701200a 2532 1304 1228 1313 6.86 6.27 0.95 0.69 0.26
10711200a 1558 1374 184 8.77 755 122 196 137 0.60
10711200b 2832 237 5% 2527 19.48 5.79 223 16.60 5.63
10721200a 1991 17.03 287 1543 1363 1.80 10.96 10.23 0.72
10731200a 25.30 19.69 5.62 16.94 1382 312 857 7.96 0.62
10731200b 252 15.19 7.33 1573 1154 4.19 893 7.89 104
10741200a 2504 17.52 7.52 19.28 11.90 7.38 1352 6.28 7.24
10741200b 2358 1571 7.88 19.96 12.38 7.59 16.34 9.05 7.30
10751200a 16.07 12.99 3.08 852 6.80 172 0.97 0.62 0.35
10751200b 3104 23.00 804 2817 20.35 7.82 25.30 17.70 7.60
10761200a 38.68 21.70 16.97 28.76 19.30 9.46 18.85 16.90 19
10761200d 1471 11.06 364 9.46 5.94 352 421 0.81 341
10761200e 63.65 20.00 43.66 38.60 16.25 2235 1354 1250 105
10771200a 1491 12.86 205 9.00 7.86 115 310 285 0.24
10781200a 4853 36.24 12.30 4041 2873 11.68 32.28 21.23 11.06
10781200b 26.98 16.08 10.90 17.03 10.70 6.34 7.09 5.32 177
10781200c 3590.05 357861 11.44 3590.05 357861 11.44 3590.05 3578.61 11.44
10791200a 16.42 1384 258 9.38 762 176 233 140 0.93
10791200b 1951 14.36 5.16 1294 821 4.74 6.38 2.06 4.32
10791200c 1621 1347 274 914 7.29 186 2.08 110 097
10791200d 1910 1591 319 1256 10.26 231 6.03 461 142
10791200e 19.38 1534 404 12.05 961 245 473 387 0.86
10791200f 22812 89.00 139.12 22581 88.95 136.86 22351 88.90 134.61
10791200g 25.03 17.78 725 19.95 1517 4.78 14.87 1256 232
10801200a 34.37 28.62 5.75 20.38 23.73 5.65 24.39 18.83 5.56
e
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Table3.5 Summary of TEQ totals for the 200 biosolids samples (pg TEQ/Q)
Non-detects set to detection limits. Non-detects set to one half Non-detects set to zero.
SampleID detection limits.
# Total Dioxins PCB Total Dioxins & PCB Total Dioxins & PCB
& Furans Furans Furans
10811200a 1621 1367 254 947 7.81 166 272 1% 0.78
10811200b 1372 1242 1.30 7.10 6.39 0.71 049 0.36 0.12
10821200a 27.38 1912 8.27 2251 16.81 5.69 17.63 1451 312
10831200a 1851 1294 5.58 12.36 6.88 5.48 6.21 0.83 5.38
10841200a 68.01 45.88 212 64.38 44.42 19.96 60.76 4297 17.80
10851200a 35.63 26.49 9.14 30.09 21.09 9.01 24.56 15.68 8.88
10861200a 27.87 1841 9.46 229 12.92 9.36 16.70 744 9.26
10870101a 2302 19.33 3.69 17.40 13.86 354 11.78 839 339
10871200a 77.30 60.49 16.81 73.08 56.38 16.71 68.87 52.27 16.60
10871200b 19.38 1522 4.16 11.84 9.32 252 431 342 0.88
10881200a 2327 1849 4.78 18.68 15.37 330 14.08 12.26 182
10891200a 2261 19.27 334 1964 16.49 315 16.67 1371 2.96
10901200a 2159 15.73 5.86 16.01 1259 342 1042 9.45 0.97
10911200a 16.38 13.80 258 1010 8.26 184 383 272 110
10921200a 30.33 1943 10.90 17.89 1152 6.36 545 3.62 183
10931200b 2247 17.03 543 19.29 1396 5.33 16.11 10.88 523
10941200a 32.35 26.03 6.31 29.40 2344 5.96 26.45 20.84 5.61
10951200a 17.17 14.01 316 11.08 815 293 498 228 271
10961200a 1575 13.87 188 957 7.78 179 339 169 170
10961200b 21.09 16.92 4.17 1333 10.68 2.66 5.58 4.43 115
10971200a 156.94 147.03 991 153.83 146.79 7.04 150.73 146.55 4.18
10981200a 1847 15.66 282 1291 10.19 272 7.34 472 262
10991200a 2533 19.29 6.05 1850 1394 456 11.67 8.60 307
11001200a 37.03 29.26 7.77 34.15 2654 761 3127 2382 7.45
11010101a 17.10 14.16 2% 1027 827 199 343 2.38 104
11020101a 67.92 25.63 42.30 53.62 2304 30.58 30.31 2045 18.86
11030101a 54.80 47.12 767 50.50 45.11 5.38 46.20 43.10 3.09
11040101a 2458 15.99 8.60 20.83 1257 8.26 17.07 9.15 7.92
11050101a 2840 19.78 8.62 2261 16.94 5.66 16.82 1411 271
11060101a 61.62 47.26 14.37 53.58 45.23 835 4553 43.20 233
11070101a 1914 16.64 250 1290 11.42 147 6.66 6.20 045
11080101a 3747 34.02 345 32.28 28.99 3.29 27.08 23.95 3.14
e
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Table3.5 Summary of TEQ totals for the 200 biosolids samples (pg TEQ/Q)
Non-detects set to detection limits. Non-detects set to one half Non-detects set to zero.
SampleID detection limits.
# Total Dioxins PCB Total Dioxins & PCB Total Dioxins & PCB
& Furans Furans Furans

11090101a 14.90 12.65 225 874 6.61 213 258 0.57 201
11100101a 28.10 13.80 14.30 16.14 761 853 4.18 143 2.76
11100101b 23.36 1385 951 1330 7.70 5.61 325 154 170
11110101a 12277 103.89 18.88 121.61 102.82 18.80 120.45 101.74 1871
11120101a 33.18 18.37 14.80 2399 15.72 8.27 1481 13.07 174
11130101a 36.60 3045 6.16 32.96 29.10 3.86 20.32 27.76 156
11140101a 2281 16.55 6.26 16.87 1320 367 10.93 9.85 1.08
11150501a 37.05 2252 1453 35.90 2138 1452 34.76 20.24 1452
11150501b 242 15.68 6.73 16.55 9.91 6.63 10.68 4.14 6.54

N
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Table3.6 Characteristics of TEQ data
Mean Standard
Aol | g | sanpies | (TS| aovaion | men | M3
N | ogTEOKY | PITEQD) | (P TEQIK)
Total 200 54.2 2532 179 274
Detection limits | Dioxins and Furans 200 424 2519 178 191
PCBs 200 117 210 149 729
Total 200 485 2536 179 217
de?;ﬁgfl‘; :1': « | Dioxinsand Furans 200 384 2523 17.8 152
PCBs 200 10.0 203 144 570
Total 200 42.8 2541 180 158
Zero Dioxins and Furans 200 345 2527 179 118
PCBs 200 831 20.2 143 337

Table3.7 Characteristics of logarithmically transformed TEQ data
Treatment of Number of Standard Standard error
Data subset samples Mean o
non-detects N) deviation of the mean
Total 200 341 0.69 0.05
Detection limits | Dioxinsand Furans 200 3.07 0.63 0.04
PCBs 200 1.96 0.89 0.06
Total 200 315 0.82 0.06
Onehalfof | b insand Furans 200 280 078 006
detection limits
PCBs 200 173 097 0.07
Total 200 262 1.30 0.09
Zero Dioxins and Furans 200 218 138 0.10
PCBs* 199 123 135 0.10

A Asone sample had no PCBs detected, the PCB mass fraction for this sample could not be transformed using the
natural logarithm, and were ignored.

e
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Table3.8 Percentiles of TEQ data (pg TEQ/Qg)
Non-detects set at detection limits Non-detects §et a_t O.n ehalf of Non-detects set to zero
detection limits
Dioxins Dioxins Dioxins PCBs
Total and PCBs Total and PCBs Total and

Furans Furans Furans
Minimum 13.72 11.06 108 7.10 594 054 0.15 0.08 0.00
10" Percentile 16.40 1345 249 9.65 7.55 175 271 148 0.52
25" Percentile 19.86 1491 3.85 13.09 955 299 6.17 3.66 159
Median 2741 19.14 7.29 2167 15.15 5.70 1585 11.79 3.37
75" Percentile 3891 27.37 11.62 36.00 24.81 10.06 3161 21.49 9.06
90" Percentile 67.69 3946 1755 54,00 37.36 16.98 4953 36.60 1459
95" Percentile 89.93 58.99 37.34 88.07 5324 28.14 86.52 49.08 18.77
99" Percentile 22851 11829 81.07 226.12 11828 8104 22372 11828 81.01
M aximum 3590.05 3578.61 228.65 3590.05 3578.61 228.65 3590.05 3578.61 228.64

Table3.9

Number of samples with totd TEQ vaues within specified ranges.
(Non-detects set to zero.)

e
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Range (ppt = pg/g) Number of samples Percentage of samples
JO-<10 ppt 67 33.50%
>10-<25 ppt 64 32.00%
>25-<50 ppt 49 24.50%
>50-<100 ppt 12 6.00%
>100-<300 ppt 3.50%

> 300 ppt 0.50%
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Total TEQ Distribution

Non-detects set to zero

Number of samples
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Figure3.10  Histogram of the tota TEQ mass fraction for each sample. Non-detects set to zero. Sample at 3590 pg TEQ/g not
shown.
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Total TEQ Didtribution
Non-detects a hdf detection limits
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Figure3.11  Histogram of the total TEQ mass fractions for each sample. Non-detects set to one-half detection limits. Sample a
3590 pg TEQ/g not shown.
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Total TEQ Didtribution
Non-detects set to detection limits
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Figure3.12  Histogram of the total TEQ mass fractions for each sample. Non-detects set to detection limits. Sample at 3590 pg
TEQ/g not shown.
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Dioxin/Furan TEQ Distribution

Non-detects set to zero
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50 70 90 110 130 150
Dioxin/Furan TEQ (pg/g)

Figure3.13  Histogram of the dioxin/furan TEQ mass fractions for each sample. Non-detects set to zero. Sample at 3579 pg TEQ/g
not shown.
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Dioxin/Furan TEQ Distribution
Non-detects at half detection limit
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Figure3.14  Histogram of the dioxin/furan TEQ mass fractions for each sample. Non-detects set to one-haf detection limits. Sample
at 3579 pg TEQ/g not shown.

W-‘--

Cambridge Environmental Inc

58 Charles Street Cambridge, Massachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com
3A-33



Dioxin/Furan TEQ Distribution
Non-detects set to detection limit
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Figure3.15  Histogram of the dioxin/furan TEQ mass fractions for each sample. Non-detects set to detection limits. Sample at 3579
pg TEQ/g not shown.
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PCB TEQ Distribution

Non-detects set to zero
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Figure3.16  Histogram of the PCB TEQ mass fractions for each sample. Non-detects st to zero.
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PCB TEQ Didgtribution
Non-detects a hdf detection limits
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Figure3.17  Histogram of the PCB TEQ mass fractions for each sample. Non-detects set to one-half detection limits.
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PCB TEQ Didgtribution
Non-detects set to detection limits
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Figure3.18  Histogram of the PCB TEQ mass fractions for each sample. Non-detects set to detection limits.
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Total TEQ digribution

Non-detects set to O
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Figure3.19  Digribution of In(total TEQ mass fraction). Non-detects st to zero.
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Total TEQ Didtribution

Non-detects set to detection limits
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Figure3.20  Distribution of In(total TEQ mass fraction). Non-detects st to detection limits.
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Dioxin/furan TEQ distribution

Non-detects set to 0
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Figure3.21  Disgtribution of In(dioxin/furan TEQ mass fraction). Non-detects st to zero.
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Dioxin/furan TEQ Disgtribution

Non-detects set to detection limits
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Figure3.22  Didribution of In(dioxin/furan TEQ mass fraction). Non-detects set to detection limits.
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PCB TEQ distribution

Non-detects set to O
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Figure3.23  Didgribution of In(PCB TEQ massfraction). Non-detects set to zero.

D
Cambridge Environmental Inc

58 Charles Street Cambridge, Massachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com
3A—42




PCB TEQ digtribution

Non-detects set to detection limits

In(PCB TEQ mass fraction)

Figure3.24  Digtribution of In(PCB TEQ mass fraction). Non-detects set to detection limits.
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Table3.10 Congener number for followi ng chats.

Congener Number
2,3,7,8-TCDF

2,3,7,8-TCDD 2
1,2,3,7,8-PeCDF 3
2,3,4,7,8-PeCDF 4
1,2,3,7,8-PeCDD 5
1,2,3,4,7,8-HxXCDF 6
1,2,3,6,7,8-HxCDF 7
2,3,4,6,7,8-HXCDF 8
1,2,3,7,8,9-HXCDF 9
1,2,3,4,7,8-HxCDD 10
1,2,3,6,7,8-HxCDD 11
1,2,3,7,8,9-HxCDD 12
1,2,3,4,6,7,8-HpCDF 13
1,2,3,4,7,8,9-HpCDF 14
1,2,3,4,6,7,8-HpCDD 15
OCDF 16
OCDD 17
PCB-81 18
PCB-77 19
PCB-123 20
PCB-118 21
PCB-114 22
PCB-105 23
PCB-126 24
PCB-167 25
PCB-156 26
PCB-157 27
PCB-169 28
PCB-189 29
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Legend for Box and Whisker Plots

8
7 S Maximum
6 90" Percentile
5 75" Percentile
- Mean > ]
4 Median
3 — 25" Percentile
2 — 10" Percertile
1 Minimum
0
1

Figure3.25  Legend for Box and Whisker Plots
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Normalized TEQ Fraction Distributions
Non-detects set to zero
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Figure3.26  Distribution of fraction of total TEQ contributed by each congener. Non-detects set to zero.
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Normalized TEQ Fraction Distributions
Non-detects at half detection limits.
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Figure3.27  Didtribution of fraction of total TEQ contributed by each congener. Non-detects set to detection limits.
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Normalized TEQ Fraction Distributions
Non-detects set to detection limits.
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Figure3.28  Digtribution of fraction of total TEQ contributed by each congener. Non-detects set to detection limits.
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Table3.11 Contribution of PCBs, Dioxins, and Furansto total TEQ mass fractions.
Fraction of total TEQ value for sample
Non-detects set to detection Non-detects set to half Non-detects set to zero
limit detection limits

Dioxins | Furans | PCBs | Dioxins | Furans PCBs | Dioxins | Furans PCBs
Mean 0.49 0.24 0.27 051 0.2 0.28 054 0.15 0.32
Minimum 0.10 004 0.00 0.08 0.03 0.00 0.02 0.00 0.00
10" percentile 0.35 0.14 0.12 0.35 0.11 0.12 0.2 0.03 0.08
25" percentile 043 017 017 0.44 013 0.19 041 0.05 0.16
Median 0.49 0.23 0.25 051 0.19 0.27 054 0.09 0.29
75" percentile 0.56 0.29 0.33 0.60 0.26 0.35 0.70 0.18 043
90" percentile 0.62 0.34 0.44 0.67 0.34 0.44 081 0.30 0.58
M aximum 0.88 0.82 0.85 0.92 0.87 0.89 0.96 0.96 0.93
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Prevalence of Congeners
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Figure3.29  Prevdence of each congener in individua samples.
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4 Comparison of the 2000/2001 and 1994/1995 data
sets

The 2000/2001 AM SA data were compared with 1994/1995 data reported by Green et al. (1995a)
and Green et al. (1995b). Those reports described mass fractions of dioxins, furans, and three dioxin-
like PCBsin biosolids samples collected by AMSA in 1994 and andyzed by MRI in 1994 and 1995.
The purpose of the comparison wasfirg, to seeif there has been any datidicaly sgnificant change in the
dioxin levels reported by POTWs since the 1994/1995 survey and second, to seeif the data sets were
aufficiently smilar thet they could be combined for further andyss.

The characteristics of the 1994/1995 data st as reported in Green et al. (1995b), are presented in
Table 4.1. There were available atotd of 104 sample andyses from 75 separate facilities. Five of the
samples had biosolids concentrations less than 0.1%; these were omitted from further consideration as
not being representative of biosolids, leaving 99 sample analyses from 74 separate facilities. 1t was not
known whether multiple samples from a single facility corresponded to different biosolids streams, or
were multiple samples from the same biosolids stream, so samples from identica facilities were averaged
together prior to analysis (Green et al., 1995b).

The facility-identification coding scheme for the 1994/1995 samples was no longer available, and the
1994/1995 questionnaires did not alow identification of theindividud biosolids streams sampled within a
facility, so that individua matching of facilities or samples between 1994/1995 and 2000/2001 was not
possble. To generate as Smilar a population comparison as possible, the facility-averaging method used
for the 1994/1995 samples was gpplied to the 2000/2001 samples. Multiple samples from within the
same facility were averaged. For the 2000/2001 samples, individud samples were identified as being
from the same fadility if they had the same

C firg four digits of their code number,

C average daily flow,

C percent industrid loading,

C percent Combined sewers service area, and

C annua biosolids production.
The last four variables correspond to Smilar items on the questionnairesin 1994/1995 and 2000/2001.
Asareault of this averaging, the 2000/2001 comparison sample set contains 200 samples from 182
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facilities® AsGreen et al. (1995b) considered two assumptions for non-detected congeners (absent or
present at detection limits), these same assumptions were used for the 2000/2001 comparison sample
Set.

Severd further modifications must be made to the two data sets before they can be compared. Firg, the
1994/1995 TEQ mass fractions were originaly caculated using a different TEF system than the Van den
Berg et al. (1998) system applied to the 2000/2001 data. Table 4.2 shows the differences between the
two sets of TEQ values. The characteristics of the 1994/1995 data set were reca culated using the Van
denBerg et al. (1998) TEF vdues. The results for the 1994/1995 data with the new TEF values are
presented in Table 4.3 (for the untransformed data) and Table 4.4 (for the logarithmically transformed
data).

The second modification involves the PCB TEQ totals for the different data sets. Only four PCB
congeners with non-zero TEFsin the Van den Berg et al. (1998) system were anayzed in both the
1994/1995 and 2000/2001 survey — PCB-77, PCB-81, PCB-126, and PCB-169. Thetotd TEQ
vaues for these four congeners for each 2000/2001 sample are presented in Table 4.5. The sum of the
TEQ meass fractions of the dioxin/furan congeners with the TEQ mass fractions of these four PCB
congenersis referred to as the “adjusted total.”

Table 4.6 shows the facility-averaged 2000/2001 results, listing the dioxin/furan, PCB subset, and
adjusted totd TEQ mass fraction for each facility. The characteristics of this adjusted 2000/2001 data
st are given in Table 4.7 (for the untransformed data) and Table 4.8 (for the logarithmicaly transformed
data).

As can be seen from comparing the results of Table 4.3 with Table 4.7, and Table 4.4 with Table 4.8,
the means and medians of the untransformed and logarithmically transformed data are lower for the
2000/2001 data set than for the 1994/1995 data set. In addition, Figure 4.1 shows that the histograms
for the two untransformed data sets are dissmilar.

Further quantitative comparisons of the 1994/1995 and 2000/2001 data transformed as described were
performed using an F-test to test for equa variance, and subsequently the appropriate t-test (for equa
or unequa variances, the latter using Satterthwaite's approximation for the degrees of freedom) to

! Asthere are 180 fadilities (171 POTWSs and 9 post-processing plants) participating in the
survey, this suggests that two facilities have two separate process streams within their facility. These
Separate process streams are treated as separate facilitiesin this chapter.

2 In the 1995 analyses, only three of the six PCB congeners measured in biosolids samples had
non-zero TEFs. Inthe Van den Berg et al. (1998) system, four of the Six have non-zero TEFs. The
1994/1995 data have been reanalyzed to include the additional PCB congener (PCB-81) in Table 4.3
and 4.4.
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compare test for smilar means (Snedecor and Cochran, 1989; the degrees of freedom for
Satterthwaite's gpproximation were not rounded). Table 4.9 ligs F- and t-dtatistics and associated
probabilities for random samples.

Table 4.9 shows that when non-detected congeners are assumed to be present at their detection limits,
the variance for the 1994/1995 data st is larger than that of the 2000/2001 data set, resultingin F
datistics greater than 1. However, when non-detected congener are assumed to be absent, the variance
for the 2000/2001 data set is larger than that of the 1994/1995 data set, resulting in F gatistics less than
1. Assuming non-detected congeners to be present at half detection limits (not shown in Table 4.9)
resultsin F datistics dightly larger than 1, in between the two previous vaues. Asthe F statistics appear
to be afunction of the assumption made for the trestment of non-detected congeners, the null hypothes's
that the variances for the two data sets are the same cannot be rejected. Thus, the t-test for equal
variancesisused for dl data set pairs.

However, the differences between the means of the 1994/1995 logarithmically transformed data and the
2000/2001 logarithmically transformed data would be highly significant for random samples, with the
2000/2001 data showing lower average TEQ mass fractions. While the samples were not obtained by
random processes (for example, as random samples of dl facilities producing biosolids), the differences
indicated in Table 4.9 amost certainly indicate ared decrease between 1994/1995 and 2000/2001 in
the concentrations of dioxin/furan and PCB TEQsin biosolids produced in smilar facilities. If non-
detected congeners are assumed to be absent, the mean TEQ-based mass fractions of dioxins/furans
declined by 0.5%, the mean TEQ-based mass fraction of the PCB subset declined by 79%, and the
adjusted tota by 32%. The corresponding medians declined by 56%, 83%, and 64%, respectively.

Since these differences are dmogt cartainly the result of ared changein concentrations of TEQsin
biosolids, the 1994/1995 and 2000/2001 data sets should not be combined for comparison with POTW
questionnaire data. Thus, in Chapter 5, we only use the 2000/2001 data set for comparisons with
POTW varidbles.
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Table4.1 Characteristics of 1994/1995 TEQ mass fraction data using 1989 and 1995 TEF values: Greenet al.
(1995h)
Standard
Treatment of non- Average Staf‘d"_"rd error of the Median
detects Data subset (pg TEQ/Q) deviation mean (pg TEQ/G)
(pg TEQ/Q) (pg TEQ/Q)

Total 1127 1143 133 779

Detection limits Dioxins and Furans 64.6 50.6 589 491
PCBs 77, 126, and 169 481 89.2 104 239

Total 95.2 1102 128 56.9

Zero Dioxins and Furans 47.7 450 523 30.0

PCBs 77, 126, and 169 475 894 104 226

\'#.‘--
Cambridge Environmental Inc

58 Charles Street Cambridge, Massachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com

4A-1



Table4.2 Differences between TEF vaues used in Green et al. (1995b), and TEF values used
in thisreport (Van den Berg et al., 1998)

Congener 1994 TEF 2000 TEF
(Green, et d., 1995) (Van den Berg, 1998)
P.3.7,6-TCDF 0.1 0.1
0,3,7,8-TCDD 1 1
1,2,3,7,8-PeCDF 0.05 0.05
,3,4,7,8-PeCDF 0.5 0.5
1,2,3,7,8-PeCDD 0.5 1
1,2,3,4,7,8-HXCDF 0.1 0.1
1,2,3,6,7,8-HXxCDF 0.1 0.1
0,3,4,6,7,8-HXCDF 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1
1,2,3,4,7,8-HxCDD 0.1 0.1
1,2,3,6,7,8-HxCDD 0.1 0.1
1,2,3,7,8,9-HxCDD 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01
1,2,3,4,6,7,8-HpCDD 0.01 0.01
OCDF 0.001 0.0001
OCDD 0.001 0.0001
PCB-81 0 0.0001
pPCB-77 0.01 0.0001
pPCB-123 NA 0.0001
pPCB-118 NA 0.0001
PPCB-114 NA 0.0005
PCB-105 NA 0.0001
PPCB-126 0.1 0.1
pPCB-167 NA 1E-05
PCB-156 NA 0.0005
ppCB-157 NA 0.0005
PCB-169 0.05 0.01
B-189 NA 0.0001

A - Congener was Not analyzed in 1994 AMSA SUrvey.
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Table4.3 Characteristics of 1994/1995 TEQ mass fraction data using Van den Berget al. (1998) TEF values
Standard
Treatment of Number of Mean Stapdgrd error of the Median
Data subset samples deviation
non-detects N) (pg TEQ/Q) (pg TEQ/Q) mean (pg TEQ/Q)
(pg TEQ/Q)
Adjusted Total 74 817 75.1 8.7 55.7
Detection limits | Dioxinsand Furans 74 57.3 450 523 44.6
4PCBs 74 244 47.7 55 934
Adjusted Total 74 60.5 69.0 80 370
Zero Dioxins and Furans 74 36.3 389 452 255
4PCBs 74 24.2 417 55 9.2

Table4.4 Characteristics of logarithmically transformed 1994/1995 TEQ mass fraction data using Van den
Berg et al. (1998) TEF vaues
Treatment of non- Number of Standard Standard error
Data subset samples Mean -
detects N) deviation of the mean

Adjusted Total 74 4.09 0.77 0.09

Detection limits Dioxins and Furans 74 3.80 0.70 0.081
4PCBs 74 250 103 012

Adjusted Total 74 357 107 012

Zero Dioxins and Furans 74 305 112 0.13
4PCBs 74 242 1.28 0.15
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Table4.5 TEQ contributions to each 2000/2001 sample from 77-PCB, 81-PCB, 126-PCB, and 169-PCB.

PCB subset (pg TEQ/Q)
SampleID # —
Non-detects set to detection limits. Non-detects set to zero.

10040101a 5.90 5.70
10040101b 4.10 390
10040101c 893 0.29
10040101d 6.55 6.35
10051000a 3.62 0.03
10051000b 483 4.63
10061000a 2.36 0.03
10071000a 310 0.02
10081000a 251 232
10091000a-RA 2.82 004
10101000a 3.66 346
10111000a 20.25 1934
10121000a 9.14 5.62
10131000a 390 3.69
10141000a 19.99 19.79
10141000b 15.17 031
10141000c 9.47 9.06
10141000d 3849 19.16
10141000e 897 8.77
10141000f 267 247
10151000a 3.77 004
101510000 348 0.04
10151000c 163 0.03
10151000d 211 191
10151000e 67.30 0.03
10151000f 9.27 911
101510009 5.76 542
10151000 285 0.08
10161000a 205 1.86
10171000a 6.91 004
10181000a 474 0.02
10191000a 545 522
10201000a-RA 11.62 0.01
10211000a 4.15 397
e
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Table4.5 TEQ contributions to each 2000/2001 sample from 77-PCB, 81-PCB, 126-PCB, and 169-PCB.

PCB subset (pg TEQ/Q)
SampleID # —
Non-detects set to detection limits. Non-detects set to zero.

10221000b 119 0.01
10221000c 6.30 6.10
10221000e 249 229
10221000f 521 491
10231000a 181 0.01
10241000a 121 0.01
102410000 450 430
10251000a 3.60 342
10251200a 757 004
10261000a 4.74 004
10271100a 240 220
10271100b 4.18 0.02
10281100a 450 4.37
10281100b 862 0.03
10291100a-RA 105 0.00
10301100a 375 0.01
10311100a 6.96 0.10
10311100b 6.80 6.60
10321100a 6.04 0.06
10331100a 35.13 2.38
10341100a 123 104
10351100a 5.29 4.88
10351100b 528 4.86
10361100a 814 7.95
10371100a 7.99 741
10381100a 551 0.03
10381100b 5.99 5.79
10391100a 177 0.02
10391100b 146 126
10391100c 395 0.00
10391100d 2H 0.02
10391100e 154 134
10391100f 173 153
10401100a 5.68 5.48
e
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Table4.5 TEQ contributions to each 2000/2001 sample from 77-PCB, 81-PCB, 126-PCB, and 169-PCB.

PCB subset (pg TEQ/Q)

SampleID # —

Non-detects set to detection limits. Non-detects set to zero.
10401100b 198 0.01
10401100c 204 184
10411100a 304 0.03
10411100b 113 0.01
10421100a 141 0.01
10431100a 174 14
10441100a 823 7.95
10441100b 6.32 0.02
10441100c 9.79 9.29
10441100d 75.35 75.35
10441100e 293 273
10441100f 9.85 9.38
10441100g 6.87 6.59
10441100 3.28 3.08
10441100i 49.73 49.73
10441100 24.02 23.20
10441100k 812 6.95
104411001 1157 10.73
10441100m 8.80 787
10441100n 8.10 7.61
104411000 1326 0.05
10441100p 581 5.56
10441100q 12.46 11.40
10441100r 6.61 6.42
10441100s 5.26 450
10441100t 224,67 224.67
10441100u-RA 356 0.00
10441100v 7.29 6.42
10441100w 10.76 1043
10441100x 7.95 771
10441100y 948 911
10451100a 1111 0.01
10461100a 815 7.78
10471100a 2.27 0.01
e

Cambridge Environmental Inc

58 Charles Street Cambridge, Massachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com

4A-6



Table4.5 TEQ contributions to each 2000/2001 sample from 77-PCB, 81-PCB, 126-PCB, and 169-PCB.

PCB subset (pg TEQ/Q)
SampleID # —
Non-detects set to detection limits. Non-detects set to zero.

10481100a 114 0.01
10491100a 359 0.05
10501100a 365 345
10501100b 194 174
10511100a 176 157
10521100a 243 0.01
10531100a 156 137
10541100a 6.75 0.03
10541100b 6.21 4.83
10551100a 1142 11.22
10561100a 116 0.01
10571100a 197 179
10571100b 384 0.03
10581100a 6.28 515
10591100a 517 0.01
10601100a 8.17 0.01
10611100a 449 417
10621100a 7.29 0.06
10621100b 316 0.01
10621100c 592 0.00
10631100a 124 0.01
10641100a 178 0.02
10641100b 4.99 4.79
10641100c 361 0.01
10641100d 6.44 0.05
10641100e 131 0.01
10651100a 592 572
10651100b 9.63 9.12
10651100c 20.33 0.09
10661100a 13.64 13.19
10681100a 8.63 841
10691200a 561 542
10701200a 11.99 0.00
10711200a 121 0.01
e
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Table4.5 TEQ contributions to each 2000/2001 sample from 77-PCB, 81-PCB, 126-PCB, and 169-PCB.

PCB subset (pg TEQ/Q)
SampleID # —
Non-detects set to detection limits. Non-detects set to zero.

10711200b 4.05 385
10721200a 210 0.02
10731200a 501 0.01
10731200b 6.22 0.02
10741200a 4.25 3.98
10741200b 4.46 412
10751200a 269 0.01
10751200b 514 4,92
10761200a 15.06 0.05
10761200d 261 238
10761200e 4263 0.02
10771200a 178 0.01
10781200a 8.70 7.85
10781200b 9.07 0.05
10781200c 9.46 9.46
10791200a 159 0.02
10791200b 3.28 245
10791200c 179 0.02
10791200d 1.70 004
10791200e 314 0.02
10791200f 77.85 7348
10791200g 4.96 0.03
10801200a 372 353
10811200a 177 0.02
10811200b 117 0.00
10821200a 522 0.08
10831200a 344 325
10841200a 16.38 12.08
10851200a 513 4.87
10861200a 6.56 6.37
10870101a 242 223
10871200a 1031 1010
10871200b 3.09 0.00
10881200a 2.87 0.04
e
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Table4.5 TEQ contributions to each 2000/2001 sample from 77-PCB, 81-PCB, 126-PCB, and 169-PCB.

PCB subset (pg TEQ/Q)
Sample D # ———
Non-detects set to detection limits. Non-detects set to zero.

10891200a 246 217
10901200a 484 0.03
10911200a 149 0.01
10921200a 9.12 0.06
10931200b 3.68 347
10941200a 4.35 3.79
10951200a 233 189
10961200a 134 119
10961200b 2.99 0.05
10971200a 5.77 0.06
10981200a 153 134
10991200a 301 0.03
11001200a 4.09 3.79
11010101a 193 0.03
11020101a 23.09 0.08
11030101a 464 0.06
11040101a 4.33 3.65
11050101a 5.79 0.05
11060101a 12.08 0.05
11070101a 201 0.02
11080101a 267 248
11090101a 158 138
11100101a 1155 0.02
11100101b 7.85 0.05
11110101a 1458 14.40
11120101a 13.08 0.02
11130101a 461 0.02
11140101a 511 004
11150501a 1250 1250
11150501b 5.60 541
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Table4.6 200072001 facility averaged TEQ totals used for comparison to 1994/1995 data
Non-detects set to detection limits Non-detects set to zero.

Facility ID # Adjusted Dioxinsand PCB Adjusted Dioxinsand PCB

Total Furans subset Total Furans subset

(pg TEQ/G) | (P9 TEQ/Q) (pg TEQ/) (pg TEQ/Q) (pg TEQ/Q) (pg TEQ/Q)

10040101atb 25.60 20.60 5.00 2041 1561 4.80
10040101c+d 24.40 16.66 7.74 14.05 10.73 332
10051000a 17.76 14.14 362 241 238 0.03
10051000b 2795 2312 483 21.74 17.11 463
10061000a 2242 20.06 2.36 13.36 1333 0.03
10071000a 20.73 17.63 310 1210 12.08 0.02
10081000a 15.93 1342 251 3.80 149 232
10091000a 17.28 14.46 282 264 2.60 004
10101000a 20.85 17.19 3.66 10.90 744 346
10111000a 60.55 40.30 20.25 56.18 36.84 1934
10121000a 2324 14.10 9.14 7.34 173 5.62
10131000a 2097 17.07 390 1413 10.44 3.69
10141000a+b 70.24 52.67 17.58 5951 49.46 10.05
10141000c 50.70 41.23 947 45.88 36.82 9.06
10141000d+e 69.12 45.39 2373 58.02 44.06 13.97
10141000f 1812 1545 267 6.15 3.68 247
10151000a 2326 19.49 3.77 12.85 1281 004
101510000 24.89 2141 348 1522 1518 0.04
10151000c 1931 17.68 163 10.99 10.97 0.03
10151000d 16.08 13.97 211 358 167 191
10151000e 83.88 16.58 67.30 9.93 9.90 0.03
10151000f 3031 2104 9.27 25.96 16.85 911
101510009 22.85 17.09 576 16.09 10.67 542
10151000 87.37 84.52 285 84.31 84.23 0.08
10161000a 16.71 14.66 205 4.89 303 1.86
10171000a 3212 2521 6.91 18.89 18.84 004
10181000a 19.64 14.90 474 507 5.06 0.02
10191000a 36.74 3130 545 3277 2755 522
10201000a 2743 15.82 11.62 9.78 9.77 0.01
10211000a 122.15 118.00 415 121.96 118.00 397
10221000b 13.73 1254 119 0.39 0.39 0.01
10221000c+e 20.44 16.04 4.40 11.48 7.28 4.20
e
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Table4.6 200072001 facility averaged TEQ totals used for comparison to 1994/1995 data
Non-detects set to detection limits Non-detects set to zero.
Facility ID # Adjusted Dioxinsand PCB Adjusted Dioxinsand PCB
Total Furans subset Total Furans subset
(pg TEQ/G) | (P9 TEQ/Q) (pg TEQ/) (pg TEQ/Q) (pg TEQ/Q) (pg TEQ/Q)

10221000f 26.45 21.24 521 21.00 16.09 491
10231000a 14.66 12.85 181 0.56 0.55 0.01
10241000a 14.07 12.86 121 041 041 0.01
10241000b 30.73 26.23 450 2219 17.89 430
10251000a 19.76 16.16 3.60 1259 9.16 342
10251200a 22.36 14.79 757 3.08 304 004
10261000a 2011 24.37 4.74 1819 1815 0.04
10271100a 17.29 14.90 240 5.65 345 220
10271100b 26.89 2271 4.18 11.68 11.66 0.02
10281100a+b 26.69 2013 6.56 16.28 14.07 220
10291100a 13.86 1281 105 2.34 234 0.00
10301100a 1654 12.79 375 052 051 0.01
10311100a 3749 3053 6.96 2743 27.33 0.10
10311100b 44.09 37.29 6.80 4317 36.57 6.60
10321100a 25.89 19.85 6.04 14.95 14.90 0.06
10331100a 65.90 30.78 35.13 27.15 24.77 238
10341100a 14.17 1294 123 195 091 104
10351100a 3225 26.97 5.29 2814 2325 4.88
10351100b 23.63 18.35 528 12.09 723 4.86
10361100a 34.01 25.87 814 3151 23.56 7.95
10371100a 20.34 21.34 7.9 23.65 16.24 741
10381100a 2764 212 551 1523 1520 0.03
10381100b 2920 2321 599 224 16.46 579
10391100a 22.36 2059 177 9.72 9.70 0.02
10391100b 18.76 17.30 146 7.66 6.40 126
10391100c 16.23 12.28 395 0.08 0.08 0.00
10391100d 2335 2081 254 940 9.38 0.02
10391100e 1550 13.96 154 350 216 134
10391100f 16.47 14.74 173 437 284 153
10401100a 48.37 42.69 568 47.67 4219 548
10401100b 21.35 19.36 198 8.75 874 0.01
10401100c 20.94 18.90 2.04 8.81 6.96 184
e
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Table4.6 200072001 facility averaged TEQ totals used for comparison to 1994/1995 data
Non-detects set to detection limits Non-detects set to zero.

Facility ID # Adjusted Dioxinsand PCB Adjusted Dioxinsand PCB

Total Furans subset Total Furans subset

(pg TEQ/G) | (P9 TEQ/Q) (pg TEQ/) (pg TEQ/Q) (pg TEQ/Q) (pg TEQ/Q)

10411100atb 2397 21.89 209 16.08 16.06 0.02
10421100a 1844 17.03 141 7.73 7.72 0.01
10431100a 1522 1348 174 305 150 154
10441100ath 25.03 19.27 575 1549 9.98 551
10441100b 29.89 2357 6.32 17.89 17.87 0.02
10441100c 3105 21.26 9.79 26.26 16.97 9.29
10441100d 111.26 3591 75.35 10350 28.15 75.35
10441100e+x 3181 26.37 544 25.27 20.05 522
10441100f 3304 2318 9.85 26.07 16.68 9.38
10441100g 43.02 36.14 6.87 4042 33.83 6.59
10441100i+w 46.09 1584 30.25 36.82 6.73 30.08
10441100j+0 57.38 3874 18.64 4731 35.68 1163
10441100k+s 2759 20.90 6.69 17.30 1158 5.72
104411001 39.55 27.98 1157 37.96 2723 10.73
10441100m 65.14 56.34 8.80 56.72 48.85 7.87
10441100n 30.61 2250 810 2359 15.98 7.61
10441100p 44.65 38.84 581 41.18 35.62 5.56
10441100q 40.18 2172 12.46 37.33 2593 1140
10441100r 41.10 34.49 6.61 37.82 3141 6.42
10441100t 264.04 390.37 224,67 240.72 16.05 2467
10441100u+v 20.64 24.21 543 2261 19.40 321
10441100y 64.30 54.82 948 57.91 48.79 911
10451100a 2391 12.80 1111 043 043 0.01
10461100a 271 3455 815 38.39 30.61 7.78
10471100a 1641 14.14 227 195 193 0.01
10481100a 1353 12.38 114 0.66 0.65 0.01
10491100a 27.26 23.67 359 17.28 17.23 0.05
10501100a 20.28 16.64 365 885 541 345
10501100b 15.39 1346 194 324 150 174
10511100a 16.29 14.53 176 472 316 157
10521100a 16.40 13.97 243 2.86 2.85 0.01
10531100a 61.40 59.84 156 56.61 55.23 137
e
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Table4.6 200072001 facility averaged TEQ totals used for comparison to 1994/1995 data
Non-detects set to detection limits Non-detects set to zero.

Facility ID # Adjusted Dioxinsand PCB Adjusted Dioxinsand PCB

Total Furans subset Total Furans subset

(pg TEQ/G) | (P9 TEQ/Q) (pg TEQ/) (pg TEQ/Q) (pg TEQ/Q) (pg TEQ/Q)

10541100a 2573 18.98 6.75 597 593 0.03
10541100b 34.86 28.65 6.21 2717 2234 4.83
10551100a 4864 3721 1142 47.68 36.46 11.22
10561100a 16.08 14.92 116 413 412 0.01
10571100a 39.01 37.04 197 3291 3112 179
10571100b 19.76 15.92 384 9.24 921 0.03
10581100a 2343 17.14 6.28 1551 10.36 5.15
10591100a 20.88 1571 517 4.49 448 0.01
10601100a 3821 30.05 8.17 13.03 13.02 0.01
10611100a 2312 18.63 449 17.12 12.95 417
10621100a 26.27 18.99 7.29 1342 1336 0.06
10621100b 16.21 13.05 316 0.98 0.97 0.01
10621100c 19.60 13.68 592 190 190 0.00
10631100a 14.25 1301 124 064 0.63 0.01
10641100a 2552 2374 178 1264 12.62 0.02
10641100b 27.39 22.39 4.99 16.90 1211 4.79
10641100c 62.56 58.95 361 47.22 4721 0.01
10641100d 2721 20.77 6.44 1013 10.08 0.05
10641100e 15.89 1458 131 242 241 0.01
10651100a 3318 27.26 592 29.78 24.06 572
10651100b 4291 33.28 9.63 4064 3152 9.12
10651100c 63.39 34.06 20.33 3241 32.32 0.09
10661100a 36.91 2328 13.64 30.34 17.15 1319
10681100a 38.10 29.48 863 3164 23.23 841
10691200a 35.06 29.45 561 29.29 23.88 542
10701200a 25.03 1304 11.99 0.69 0.69 0.00
10711200a 14.95 13.74 121 138 137 0.01
10711200b 26.42 237 4.05 20.44 16.60 385
10721200a 19.13 17.03 210 1025 1023 0.02
10731200a 24.70 19.69 501 797 7.96 0.01
10731200b 2141 15.19 6.22 791 7.89 0.02
10741200a 21.78 17.52 4.25 10.26 6.28 3.98
e
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Table4.6 200072001 facility averaged TEQ totals used for comparison to 1994/1995 data
Non-detects set to detection limits Non-detects set to zero.

Facility ID # Adjusted Dioxinsand PCB Adjusted Dioxinsand PCB

Total Furans subset Total Furans subset

(pg TEQ/G) | (P9 TEQ/Q) (pg TEQ/) (pg TEQ/Q) (pg TEQ/Q) (pg TEQ/Q)

10741200b 20.17 1571 4.46 13.17 9.05 412
10751200a+b 2191 18.00 392 11.62 9.16 246
10761200a+e 49.70 20.85 28.85 14.73 14.70 0.03
10761200d 13.68 11.06 261 319 081 238
10771200a 1464 12.86 178 2.86 2.85 0.01
10781200a 44.94 36.24 8.70 20.08 21.23 7.85
10781200b 2515 16.08 9.07 5.37 5.32 0.05
10781200c 3588.07 357861 9.46 3588.07 357861 9.46
10791200a 1543 1384 159 142 140 0.02
10791200b 17.64 14.36 3.28 451 206 245
10791200c 15.26 1347 179 112 110 0.02
10791200d 1761 1591 1.70 4.65 461 0.04
10791200e 1848 1534 314 3.89 3.87 0.02
10791200f 166.85 89.00 77.85 162.39 83.90 7348
10791200g 2274 17.78 4.96 1259 1256 0.03
10801200a 3234 28.62 372 2237 18.83 353
10811200a 1451 1304 147 116 115 0.01
10821200a 24.34 1912 522 1459 1451 0.08
10831200a 16.38 1294 344 4.08 0.83 325
10841200a 62.26 45.88 16.38 55.04 4297 12.08
10851200a 3162 26.49 513 20.56 15.68 4.87
10861200a 2497 1841 6.56 1381 744 6.37
10870101&a+ 46.27 3991 6.37 36.49 30.33 6.16
10871200a
10871200b 18.32 1522 3.09 342 342 0.00
10831200a 21.35 1849 287 1229 1226 0.04
10891200a 21.73 19.27 246 15.88 1371 217
10901200a 2057 15.73 484 948 9.45 0.03
10911200a 15.29 13.80 149 2.74 272 0.01
10921200a 2856 1943 9.12 3.68 362 0.06
10931200b 20.71 17.03 368 14.36 10.88 347
10941200a 30.39 26.03 4.35 24.64 2034 379
10951200a 16.34 14.01 2.33 417 2.28 1.89
e
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Table4.6 200072001 facility averaged TEQ totals used for comparison to 1994/1995 data
Non-detects set to detection limits Non-detects set to zero.
Facility ID # Adjusted Dioxinsand PCB Adjusted Dioxinsand PCB
Total Furans subset Total Furans subset
(pg TEQ/G) | (P9 TEQ/Q) (pg TEQ/) (pg TEQ/Q) (pg TEQ/Q) (pg TEQ/Q)
10961200a 1521 13.87 134 2.88 1.69 119
10961200b 19.92 16.92 299 448 4.43 0.05
10971200a 152.80 147.03 577 146.61 146.55 0.06
10981200a 17.19 15.66 153 6.06 472 134
10991200a 2229 19.29 3.01 8.63 8.60 0.03
11001200a 33.35 29.26 4.09 27.60 23.82 379
11010101a 16.09 14.16 193 241 238 0.03
11020101a 4871 2563 23.09 2053 2045 0.08
11030101a 51.76 4712 464 4317 43.10 0.06
11040101a 2031 15.99 4.33 1281 9.15 365
11050101a 2557 19.78 5.79 14.15 1411 0.05
11060101a 59.34 47.26 12.08 4325 4320 0.05
11070101a 18.66 16.64 201 6.22 6.20 0.02
11080101a 36.69 34.02 267 2643 2395 248
11090101a 14.23 12.65 158 195 057 138
11100101a 2536 13.80 1155 145 143 0.02
11100101b 21.70 13.85 7.85 1.60 14 0.05
11110101a 11846 103.89 14.58 116.15 101.74 14.40
11120101a 3145 18.37 13.08 13.09 13.07 0.02
11130101a 35.06 3045 461 27.78 27.76 0.02
11140101a 21.66 16.55 511 9.83 9.85 004
11150501a+b 28.15 19.10 9.05 2114 1219 8.95
e
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Table4.7 Characteristics of 2000/2001facility averaged TEQ mass fraction data
Standard
e ol | g | sanpies | (M0 | aovaion | “men | NS
(N) (pg TEQ/Q) | (pg TEQ/Q)
Adjusted Total 182 525 265.1 19.6 250
Detection limits | Dioxins and Furans 182 4.1 264.0 196 192
PCB subset 182 835 191 142 4.79
Adjusted Total 182 411 266.0 19.7 133
Zero Dioxins and Furans 182 36.1 264.8 196 11.3
PCB subset 182 504 185 137 154

Table4.8 Characteristics of logarithmically transformed 2000/2001 facility averaged TEQ mass fraction data
Treatment of Data subset Nsl;rgzisd Mean Stapdgrd Standard error
non-detects N) deviation of the mean
Adjusted Total 182 334 0.64 0.05
Detection limits | Dioxinsand Furans 182 3.09 0.60 0.04
PCB subset 182 157 0.88 0.07
Adjusted Total 182 242 138 0.10
Zero Dioxins and Furans 182 219 137 0.10
PCB subset 179 -0.82 2.82 0.21
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Figure4.1 Histogram comparing adjusted TEQ distribution totals for both 1994/1995 and 2000/2001 facility-averaged data.
Non-detected congeners are assumed to have amass fraction of zero.
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Table4.9 F and t test results for comparison of 1994/1995 and 2000/2001 facility averaged data

Numerator Denominator t test -
Treatment of non- - t probability
detects Data subset Degrees of Degrees of F score degrees of t statistic (2-tailed test)

freedom freedom freedom

Adjusted Total 73 181 145 254 7.99 4.60e-14

Detection limits |Dioxi nsand Furans 73 181 134 254 8.14 1.76e-14

IPCB subset 73 181 1.38 254 7.33 3.05e-12

Adjusted Total 73 181 0.60 254 6.48 4.69e-10

Zero |Dioxi ns and Furans 73 181 0.20 254 481 2.61e-06

PCB subset 73 178 0.20 251 9.47 2.17e-18

Statistically significant (to 95% level of confidence) t scores are in boldface.
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5 Multiple Linear Regression Analyses

5.1 Introduction

In this chapter, we evauate whether the characteristics of the facilities from which the samples were
taken in 2000/2001 are correlated with the TEQ mass fractions found, the degree of such correlation,
and the usefulness of such correlations as predictors of TEQ mass fraction, assuming that the observed
correlations are not just accidental. For this andys's, non-detected congeners were treated under two
assumptions. In thefirst, non-detected congeners were assumed to be absent. I1n the second, non-
detected congeners were assumed to be present at detection limits. Unless otherwise stated, statements
in the text of this chapter assume non-detected congeners are absent.

Finding a strong correlation might suggest follow-up study to determine the reason for the correlation,
and might subsequently lead to corrective or amedliorative action to reduce TEQ massfractionsin
particular circumgtances. In view of the lack of any prior hypotheses, the analysisis limited to evauation
of linear modd s relating reported or inferred characterigtics of the facilities (or transforms of their
numerica vaues) with the logarithm of TEQ mass fraction. The entire set of andyses must be
consdered a“data-dredging” exercise, snce the study design strictly alows no causa inferences or
generdizations — any correations found cannot be considered causa or even predictive without further
evaudion. The questionnaire completed by survey participants can be found in Appendix A.

Severa responses to questions requesting a numeric response were provided as ranges or qualitatively.
Where arange was given (i.e., for average daily flow, percent industrid loading, percent service area
with combined sewers, or average percent solidsin fina biosolids), the mid-point of the range was
coded. Where only an upper bound was provided (i.e., for percent industrid loading and percent
service area with combined sewers) that upper bound was coded. When only alower bound was
provided (i.e., for percent service areawith combined sewers), that lower bound was coded. For total
annua biosolids, if vaues for two separate products were given, the values were added together to get
the totd for the facility. For average percent solidsin find biosolids, if two vaues were given for two
separate products, the larger of the two was coded. The responses of “inggnificant” and “minima” were
coded as zero. Other qudlitative responses to questions requesting a numeric response, such as“not
indicated” or “undefined,” were coded as missing data.

5.2 Regional Statistics
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Tables 5.1 through 5.6 list the summary gatistics for logarithmicaly transformed TEQ data when samples
are sorted by U.S. EPA region. Figures 5.1 through 5.6 display the box-and-whisker plots of the data
for each region.

Tables 5.7 through 5.12 present analysis of variance tables for the logarithmicaly transformed TEQ data.
These tables are used to compare the means of multiple samples (Box, et al., 1978). The analyss
assumes that within each region there is some normaly distributed population (in this case, some
population of biosolids with lognormaly distributed TEQ mass fraction), that we have arandom sample
from each such population, and that the population in each region has the same within-region variance.
The purpose of the andlysis of variance table is then to determine if the variance between regiond means
isexplicable by the variance within regions, assuming that the means within each region are identicdl. Itis
important to note that the underlying assumptions of this andysis may not be stisfied for the
logarithmicaly transformed TEQ data. The population of biosolids is not well-defined. Asthe survey
was voluntary, the samples obtained within each region do not represent arandom sample of POTWSs or
biosolids within each region. Furthermore, thereisno a priori reason for each region to have the same
variance. Neverthdess, the andlyss of variance table may il be used to see how the variance between
regions compares with the pooled variance within regions to give a rough estimate of the importance of
the variation of means between regions.

Box et al. (1978) describe the procedure for caculating the terms of the analysis of variance teble. The
caculaion resultsin awithin-region variance (mean square) estimate and a between-region variance
(mean square) estimate. These variances are then compared using an F test to assess Significance. For
logarithmicaly transformed regiond tota TEQ and PCB TEQ), the meansin different regions are
gpparently different (we chose to test at what would be a 95% confidence leve for random samples).
This suggests that total TEQ and PCB TEQ vaues might vary between U.S. EPA Regions, dthough the
evidence is weak condgdering the assumptions required and the number of statistica tests performed.
Figures 5.1 and 5.2 show the median total TEQ mass fractions for Region 1 to be well below the 10"
percentile for Regions 2 and 7, while Figures 5.5 and 5.6 show the same for PCB TEQ. However, itis
possible that these regiond variations are artifacts of the sampling method or smply random variation.
Thus, while there may be regiond differencesin totd TEQ or PCB TEQ mass fractions, further sampling
designed to test such a hypothesis would be required to confirmiit.
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5.3 TEQ mass fractions versus single numeric variables

Severd smplelinear regressions were used to test whether a single numeric variable, such as average
daily flow to a POTW, might be used to predict the TEQ mass fractions of biosolids from that facility.
Four numeric variables were evauated in this manner: average dally flow to a POTW, percent solidsin
the sample, percent industria loading of a POTW, and percent of service areawith combined sewers.
For each regression, two standard significance tests were performed as indicators of potentidly useful
correlations, using the 95" percentile as an initia demarcation of such a potentially useful indicator.r The
firgt tested for a non-zero correlation coefficient (r), and the second for a non-zero dopein the
regression.?

The results of the regression of the average daily flow vaues for POTWs versus the logarithmicaly
transformed TEQ data from those POTWSs. The results of the smple linear regresson are presented in
Table 5.13. Figures 5.7 through 5.12 present the logarithmicaly transformed TEQ and average daily
flow data, dong with the calculated regression lines and 90% prediction intervals of the regresson. The
correlation coefficient for total and PCB logarithmicdly transformed TEQ mass fractions with average
daily flow were gpparently non-zero, as were the coefficients in the corrdation for total, dioxin/furan, and
PCB logarithmicdly transformed TEQ.

However, the fraction of variance accounted for by the regression (estimated asr?) is 6% or less for
these corrdlations, suggesting thet, while the correlation coefficients may not be zero, they are far to smdll
to usefully predict the TEQ mass fraction of biosolids leaving agiven POTW. Thisis further illustrated by
the large prediction intervas calculated for each regression, as shown in Figures 5.7 through 5.12. For
example, for POTWs where the average daily flow is 100 million galons aday (MGD), 90% are
predicted to have logarithmicaly transformed totd TEQ values that vary from approximately 0.3 t0 4.7,
giving untransformed TEQ mass fractions of 1.3 pg TEQ./g to 130 pg TEQ/g, arange of gpproximately
two orders of magnitude. Thus, the average daily flow to aPOTW cannot predict the TEQ mass fraction
of biosolids leaving that POTW.

Identical conclusions are obtained if the independent variable in the correlation is taken to be the
logarithm of average daily flow, rather than the average dally flow itsdlf, athough we do not show these
anayses.

! As stated before, as the survey may not be arandom sample, no precise probabilistic
confidence-level statements can be made. The 95" percentile used here is simply used as a cutoff
vaue, and does not imply a 95% confidence leve in the results.

2 In alinear regression of theform y = mx+b, the dope of x in the regressonism. The
corellation coefficient isr, calculated as bs/s,, where s, and s, are the standard deviations of the x and
y variables, respectively.
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In addition to the regressions just described, samples were segregated into two groups, one for POTWSs
with average daily flows below 1 MGD and one for POTWSs with average daily flows above 1 MGD, in
order to determine whether there is a Sgnificant difference between the TEQ distributions of these two
groups. Summary statistics for these samples are presented in Tables 5.14 and 5.15. Table 5.16
presents the results of F and t tests comparing these groups. The F-tests on standard deviations suggest
that the POTWSs with average daily flows less than 1 MGD may be more homogeneous than larger
POTWsfor dioxin/furan TEQ. However, the t-tests do not suggest any significant difference between
the mean TEQ mass fractions of these groups.

Simple linear regressons and standard Satistica tests were performed for the percent solidsin asample
asreceived by MRI, just asfor average daily flow, and with the same caveat. The results are presented
in Table 5.17. Figures 5.13 through 5.18 present the logarithmicaly transformed TEQ and percent
solids, dong with the calculated regression lines and 90% prediction intervas of the regresson. None of
the corrdations coefficients or dopes of correation test as Sgnificantly different from zero. Furthermore,
these regressions account for no more than 0.3% of the variance between the samples, and Figures 5.13
through 5.18 show that the prediction intervas for these smple regressons are admogt as large as those
for the regressions of average daily flow to aPOTW. Thus, the percent solidsin a biosolids sample does
not appear to be a useful predictor of the TEQ mass fraction of that sample.

The results of the smple linear regression of percent indugtrid loading versus TEQ massfraction are
presented in Table 5.18, and the regression lines and 90% prediction intervals are shown in Figures 5.19
through 5.24. Only three of the regressions show significant correlaions. PCB TEQ mass fraction when
non-detected congeners are set to detection limits, and total and dioxin/furan TEQ when non-detects are
st to zero. Thefact that the importance of the correlations depends on the treatments of the non-
detected congeners suggests an artifact. 1n addition, these regressions account for no more than 3% of
the variance between samples, and aso give unreasonably large prediction intervals.  Thus, the percent
industrid loading of a POTW does not appear to be a useful predictor of the TEQ mass fraction of a
sample.

Findly, the results of the smple linear regression of percent service area with combined sawerswith TEQ
mass fraction are presented in Table 5.19, and the regression lines and prediction intervals are shown in
Figures 5.25 through 5.30. Both the correlation coefficients and dopes of dl sx of these regressons test
as potentidly sgnificant, and the regressons account for 9% of the totd TEQ variance and 18% of the
PCB TEQ variance. However, even for this regression the 90% prediction interva istoo large for this
variable to provide auseful prediction of the TEQ mass fraction of asample: the prediction interva at 0%
service areawith combined sewers is approximately 4.1, leaving an over 50-fold variation in the
prediction of untransformed TEQ vaues. Thus, neither percent of service areawith combined sewers,
nor any of the other three numeric variables analyzed, appears to be a useful predictor of the TEQ mass
fraction of asample.
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5.4 Multiplelinear regression of questionnaire variables

Severd multiple linear regression anayses were performed in order to determineif any of the responses
to the questionnaire in Appendix A were corrdated with TEQ mass fractions, or whether alinear
combination of these variables might provide aussful predictor of TEQ mass fraction. The analyss
assumes that samples were random from some relevant population; but the previous cautions (see Section
5.3) apply. All probability vaues cited herein must be considered smply as relative indicators of potential
importance, and they cannot be used for any probabilistic confidence statements. The sample data matrix
of questionnaire responses is presented in Appendix G, with each row corresponding to asingle sample
and each column corresponding to a questionnaire response. The variables initidly included in the
regressions are shown in Table 5.20.

Numeric variables were entered into the matrix using the vaue given for each sample. Qudlitative
descriptive variables (i.e., regiond variables, process variables, and sample description variables) were
entered with a 1 denoting a positive response or a0 denoting a negative response.

Responses to the questionnaire queries were incomplete for some samples. Samples with incomplete
numeric responses (that is, any numeric response not provided or not interpretable) were excluded from
andyss when numeric variables were being andyzed. In addition, severd of the qualitative variables had
very few postive responses. In accordance with the usua guideline, variables with fewer than three
positive responses were omitted from the analyses reported here. In addition, if two variables were
themsdlves highly corrdated (e.g., average daily flow and total annua biosolids), only one was used, as
andyzing both smultaneoudy would result in arbitrary values for their regresson coefficients. The ligt of
excluded varidblesis given in Table 5.19.

A stepwise gpproach was adopted to smplify the andlyss. Variables were analyzed in groups according
to variable type: numeric, regiond, process, or sample description. Each group was then regressed
againg the total TEQ mass fractions for each sample, first with non-detected congeners treated as zero
and then with non-detected congeners taken at the detection limit (Sections 5.4.1 to 5.4.4). Standard
sgnificance tests were then gpplied to examine whether the coefficients differed from zero, using a cutoff
vaue of 90% confidence level as an indicator of potential importance (see the statements above about
interpretation of such statements). Variables for which the coefficients were different from zero at a 90%
confidence leve in the group analyses for both trestments of non-detected congeners were then
combined into an overal regresson, with certain omissonsto prevent the use of highly corrdated
variables (Section 5.4.5).
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5.4.1 Numeric variables

The regression results for the Six numeric variables are presented in Tables 5.22 through 5.25. Samples
for which any numeric data were unavailable (i.e., the vdue “ERR” is present in the matrix in Appendix
G) were excluded form this regresson, leaving 129 samples. The regression of the Sx numeric variables
versus the logarithmicaly transformed total TEQ only accounts for gpproximately 11% of the variance of
the samples (r? = 0.11). Thus, the correlation of total TEQ mass fractions with the numeric varigblesis
unlikely to provide a precise prediction of the TEQ mass fractions of biosolids leaving a POTW.

Of the six numeric variables, none gppear to be potentialy important: that is, none of the coefficients are
different from zero when a 90% confidence level is used as the cutoff value. Thus no numeric varigbles
are included in the overdl regresson performed in Section 5.4.5.

5.4.2 Regional variables

Theregresson results for the regiona variables are presented in Tables 5.26 through 5.29. The
regression of the nine regiond variables versus the logarithmicaly transformed tota TEQ only accounts
for gpproximately 11% of the variance of the samples (r*> = 0.11). Thus, the correlaion of total TEQ
meass fractions with region is unlikely to provide a precise prediction of the TEQ mass fractions of
biosolids leaving a POTW.

Of the nine regiona variables, only one appears to be potentidly important: the variable coding for Region
2. Thevariable coding for Region 4 also passes the 90% confidence test when non-detected are
assumed to be present at detection limits, but not when non-detected congeners are assumed to be
absent, suggesting that the suggested importance of the Region 4 varidble is an artifact of the sampling
method. Thus, only the variable coding for Region 2 isincluded in the overdl regresson performed in
Section 5.4.5.

5.4.3 Process variables

The results of the regression of logarithmicaly transformed total TEQ mass fractions versus process
variables (defined as responses related to the processing of biosolids) are presented in Tables 5.30
through 5.33. The process variable regression accounted for 21% of the variation between samples, and
thus these variables do not strongly predict the TEQ mass fraction of biosolids leaving a specific POTW.

Four process variables were found to be potentially important: anaerobic digestion, centrifuge, air drying,
and filter press. These process variables were thus included in the overall regression in Section 5.4.5.
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5.4.4 Sample description variables

Regressons of sample description variables on logarithmicaly transformed tota TEQ mass fractions were
performed (Tables 5.34 through 5.37), smply to ensure that no possible clue to high TEQ mass fractions
(among the descriptors of these samples) was overlooked. These variables are not suitable for inclusion
in any overall regression, since the descriptors are not well-defined, severa correspond to process
variables evaluated e sawhere, there is no guarantee that smilar descriptors would be applied to smilarly
handled biosolids in different POTWSs, and severd descriptors could equaly be applied to some biosolids
(athough the questionnaire limited the response to just one descriptor).

The regression accounted for 21% of the variation between samples. Although one process description
variable, anaerobicaly digested biosolids, was potentialy useful according to the criteria sdlected, this
corresponds to the process variable anaerobic digestion which was dready evauated. Thus, sample
descriptors do not gpparently add any further predictive information with respect to TEQ mass fractions
in the samples, and are not included in the overdl regresson in Section 5.4.5.

5.4.5 Combined regressions

The sdlected variables from Sections 5.4.1 through 5.4.4, shown in Table 5.38, were combined and
regressed againg the total TEQ), dioxin/furan TEQ, and PCB TEQ mass fraction in each sample using
both treatments of non-detected congeners, giving Sx regressonsintotal.  The results of these
regressions are presented in Tables 5.39 through 5.50.

Tedts of the five sdlected variables suggest that they may have useful predictive power. The regresson of
totd TEQ mass fraction versus the five variables given in Table 5.38 accounts for 21% of the variation
between samples. The regression of the logarithm of PCB TEQ mass fraction versus the five variablesin
Table 5.38 accounts for 28% of the variation, the highest of any of the regressions evaduated; however,
that leaves approximately three-fourths of the variation between samples unaccounted for. Thusthis
corrdaion, evenif it is goplicable in generd, is unlikely to have any sgnificant predictive power, a least
on aPOTW by POTW basis. the 90% prediction interva of the totd TEQ regressonis3.89on a
logarithmic scae, or a 50-fold variation in the untransformed vaues, too large for useful predictions. The
same argument holds for the regressions versus dioxin/furan and PCB TEQ mass fractions.

In addition, it cannot be shown from the analyses given here that a particular process change will increase
or decrease the TEQ mass fractions from agiven POTW. Firg, severd variables may be hiding other,
unmessured variables, which are the true causes of the observed effects. Second, the data used in the
regression are not from arandom sample of the population as assumed by the regresson. Rather, the
data are contributed by facilities that chose to participate in the AMSA survey. Thus, variables that are
determined to be potentidly important by the regresson modeling may only be so because of the method
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of sample collection. For example, the coefficient for the use of afilter pressis negative. However, this
may Smply be because facilities with filter presses and high TEQ mass fractions declined to participate in
the survey. Therefore, further experimentation and andysis is needed to confirm any of the trends
observed in the regression of the AMSA 2000/2001 survey samples, and changesin a POTW' s process
may not result in the increases and decreases of TEQ mass fractions predicted by the regression.

We now examine the results for each variable in turn:

“Region 2’ is suggested to be predictive by dl six regressons. The coefficients for “Region 2" are dl
positive, suggesting that TEQ mass fractions are higher in Region 2 than in other regions. Thisis roughly
consigtent with the results of Section 5.2, which suggested differencesin the mean TEQ vaues between
regions. However, the gpparent importance of this variable may be an artifact of sampling: it is possible
that POTWsin Region 2 with lower TEQ mass fractions chose not to participate in the survey. The
maximum size of the coefficient for Region 2is0.87 (for PCB TEQ when non-detected congeners are
assumed to be absent). The maximum variation suggested by this variable can be estimated as the
difference between the product of the estimated coefficient and the maximum vaue of the variable (1) and
the product of the estimated coefficient and the minimum vaue of the variable (0). Thus, the maximum
variation suggested by “Region 2" is 0.87 on alogarithmic scae, or avariaion of 2.4-fold in
untransformed TEQ mass fractions.

“Anaerobic digestion” is suggested to be predictive by al six regressons. The coefficients for “anaerobic
digegion” are dl positive, suggesting that TEQ mass fractions are generdly higher in biosolids dried with
drying beds. However, the maximum variaion suggested is only afactor of 2.0.

“Centrifuge’ is suggested to be predictive in four regressons. dioxin/furan TEQ when non-detects are st
to zero, PCB congeners when non-detected congeners are set to detection limits, and total TEQ for both
treatments of non-detected congeners. The fact that the treatments of the non-detected congeners affect
the significance of the coefficients suggests an artifact of sampling or process data collection. It is
possible that “centrifuge’ is accounting for some of the variation due to the different detection limits used
for the various samples. The coefficients are negative, suggesting that centrifugation is associated with
lower TEQ vadues. However, it isunclear how centrifugation could decrease the TEQ levd of asample.
The maximum size of the coefficient is gpproximately -0.43, corresponding to a maximum varigtion of
0.43 on anaturd logarithmic scale, or about afactor of 1.5-fold.

“Air drying” is suggested to be predictive in dl regressons except PCB TEQ when non-detects are set to
detection limits. The fact that the treetments of the non-detected congeners affect the sgnificance of the
coefficients suggests an artifact of sampling. The coefficients are positive, suggesting thet air drying is
associated with higher TEQ vaues. However, it isunclear how air drying could increase the TEQ leve of
asample. The maximum size of the coefficient is gpproximately 1.81, corresponding to a maximum
variation of 1.81 on anatura logarithmic scale, or about a factor of 6.1-fold.
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“Filter press’ is suggested to be predictive in dl Sx regressons. The coefficients are negative, suggesting
that filter pressing is associated with lower TEQ vaues. However, it is unclear how filter pressing could
decrease the TEQ level of asample. The maximum size of the coefficient is gpproximately -0.98
corresponding to a maximum variaion of 0.98 on anatura logarithmic scale, or about a factor of 2.7-
fold.

In summary, the results of the final overdl regresson using the variables from Table 5.38 suggest some
predictive power, but the collective ability to predict the TEQ leve of agiven sample from aPOTW
would be relaively smdl, as the regresson only explains gpproximately 21% of the variance between
samples. Furthermore, the combined maximum variations of these five variables account for an
gpproximate 100-fold variation in TEQ, where the observed maximum variation is over 10,000-fold.
The ligted five variables may be causdly linked to TEQ mass fractions, correlated with causal variables,
or the results found here may be an artifact of the sample or data collection procedures.
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Table5.1 Logarithmically transformed total TEQ statistics by U.S. EPA region (non-detects set to zero)
Region 1 2 3 4 5 6 7 8 9 10
Number of
Samples 2 3 32 26 43 12 9 11 16 16
Mean 156 332 255 292 247 204 2.82 262 184 257
Star)dgrd 0.07 091 115 151 145 102 0.62 138 131 120
Deviation
Standard
Error of 0.05 0.16 0.20 0.30 022 0.29 0.21 042 0.33 0.30
the mean
Median 156 347 272 293 257 241 2.87 247 184 293

Table5.2 Logarithmically transformed total TEQ statistics by U.S. EPA region (non-detects set to detection limits)
Region 1 2 3 4 5 6 7 8 9 10
Number of
Samples 2 3 32 26 43 12 9 11 16 16
Mean 282 3.70 337 3.60 341 34 348 349 3.08 337
Standard 003 058 051 103 069 030 043 059 037 031
Deviation
Standard
Error of the 0.02 0.10 0.09 0.20 011 0.09 0.14 0.18 0.09 0.08
mean
Median 2.82 3.66 327 332 3.22 3.03 3.39 3.19 3.00 343
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Table5.3 Logarithmically transformed total dioxin/furan TEQ statistics by U.S. EPA region (non-detects set to zero)
Region 1 2 3 4 5 6 7 8 9 10
Number of
Semples 2 33 32 26 43 12 9 11 16 16
Mean 112 272 211 258 1 162 248 2.35 153 215
Star)de.)rd 042 0.90 130 159 157 127 1.09 145 139 127
Deviation
Standard
Error of the 0.30 0.16 023 031 0.24 0.37 0.36 044 0.35 0.32
mean
Median 112 283 233 258 221 213 267 213 155 262

Table5.4 Logarithmically transformed total dioxin/furan TEQ statistics by U.S. EPA region (non-detects set to detection limits)
Region 1 2 3 4 5 6 7 8 9 10
Number of
Samples 2 33 32 26 43 12 9 11 16 16
Mean 267 325 302 330 307 282 3.06 320 2.86 3.03
Standard 0.04 043 041 1.09 062 0.28 038 066 032 031
Deviation
Standard
Error of the 0.03 0.07 0.07 021 0.10 0.08 013 0.20 0.08 0.08
mean
Median 267 317 2.87 297 284 281 3.00 296 2.73 3.09
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Table5.5 Logarithmically transformed total PCB TEQ statistics by U.S. EPA region (non-detects set to zero)
Region 1 2 3 4 5 6 7 8 9 10
Number of
Semples 2 33 32 26 42 12 9 11 16 16
Mean 0.07 210 121 122 129 047 1.00 0.98 0.26 133
Star)de.)rd 130 132 110 124 144 130 051 140 123 127
Deviation
Standard
Error of the 0.92 0.23 0.20 024 022 0.38 017 042 0.31 0.32
mean
Median 0.07 243 117 102 144 0.74 1.00 114 0.06 181

Table5.6 Logarithmically transformed total PCB TEQ statistics by U.S. EPA region (non-detects set to detection limits)
Region 1 2 3 4 5 6 7 8 9 10
Number of
Samples 2 3 32 26 413 12 9 11 16 16
Mean 112 272 211 258 1% 162 248 235 153 215
Standgrd 042 0.90 130 159 157 127 1.09 145 139 127
Deviation
Standard
Error of the 0.30 0.16 023 031 024 0.37 0.36 044 035 0.32
mean
Median 112 283 233 258 221 213 267 213 155 262
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Distibution of Total TEQ by Region

Non-detects set to zero.
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Figure 5.1 Digtribution of total TEQ mass fractions by U.S. EPA region. Non-detects set to zero.
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Distibution of Total TEQ by Region

Non-detects set to detection limits.
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Figure5.2 Didtribution of total TEQ massfractions by U.S. EPA region. Non-detects st to detection limits.
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Distibution of D/F TEQ by Region

Non-detects set to zero.
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Figure 5.3 Digtribution of dioxin/furan TEQ mass fractions by U.S. EPA region. Non-detects set to zero.
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Distibution of D/F TEQ by Region

Non-detects set to detection limits.
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Figure 5.4 Didtribution of dioxin/furan TEQ massfractions by U.S. EPA region. Non-detects set to detection limits.
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Distibution of PCB TEQ by Region

Non-detects set to zero.
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Figure5.5 Didtribution of PCB TEQ mass fractions by U.S. EPA region. Non-detects st to zero.
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Distibution of PCB TEQ by Region

Non-detects set to detection limits.
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Figure 5.6 Digtribution of PCB TEQ mass fractions by U.S. EPA region. Non-detects set to detection limits.
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Table5.7

Analysis of variance table for logarithmicaly transformed total TEQ (non-detects set

to zero).

Source of Sum of Degrees of Mean square F score F probability

variation squares freedom

Between 36.26 9 4.03 2.61 0.01

regions

Within regions 293.65 190 1.55

Table5.8 Andysis of variance table for logarithmicaly transformed totd TEQ (non-detects set
to detection limits).

Source of Sum of Degrees of Mean square F score F probability

variation sguares freedom

Between 8.02 9 0.89 2.26 0.02

regions

Within regions 75.10 190 0.40

Table5.9 Andysis of variance table for logarithmicaly transformed tota dioxin/furan TEQ
(non-detects st to zero).

Source of Sum of Degrees of Mean square F score F probability

vaiation sguares freedom

Between 30.41 9 3.38 1.85 0.06

regions

Within regions 346.97 190 1.83

N
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Table5.10

Andysds of variance table for logarithmically trandformed totd dioxin/furan TEQ

(non-detects set to detection limits).

Source of Sum of Degrees of Mean square F score F probability

variation squares freedom

Between 4.41 9 0.49 1.40 0.19

regions

Within regions 66.44 190 0.35

Table5.11  Andyssof variance table for logarithmicdly transformed totd PCB TEQ (non-
detects set to zero).

Source of Sum of Degrees of Mean square F score F probability

variation sguares freedom

Between 50.97 9 5.66 3.49 5.15e-04

regions

Within regions 306.67 189 1.62

Table5.12  Andyssof variance table for logarithmicadly transformed tota PCB TEQ (non-
detects st to detection limits).

Source of Sum of Degrees of Mean square F score F probability

vaiation sguares freedom

Between 21.86 9 243 3.52 4.70e-04

regions

Within regions 131.14 190 0.69

N
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Table5.13 Correlation results for logarithmically transformed TEQ mass fractions (pg/g TEQ) vs. average
daily flow (MGD)

Non-detects set to detection limits. Non-detects set to zero.
Total Dioxin/furan PCB Total Dioxin/furan PCB
Number of samples 194.00 194.00 194.00 194.00 194.00 193.00
Degrees of freedom 192.00 192.00 192.00 192.00 192.00 191.00
Correlation coefficient (r) 0.16 012 0.24 0.16 0.12 0.23

Fraction of variance
accounted for by 0.02 0.01 0.06 0.02 0.02 0.05
regression (r?)

Constant of correlation (b)

3.37 305 184 249 207 103

(pg/g TEQ)
Slope of correlation (m)

0.0011 0.0008 0.0022 0.0021 0.0018 0.0032
(pg/g TEQ per MGD)
23”dard error of thesiope | ¢ 55 0.0005 0.0006 0.0010 0.0011 0.0010
Standard error of the 0.64 0.60 0.84 128 138 130
estimate (s,)
t statistic for slope 221 165 345 218 173 325

Average of average daily flow values: 49.36 MGD.
Standard deviation of annual daily flow values: 94.36 MGD.

A r valuesin boldface are significant at 95%.
B Slopes in boldface are significant at 95% (2-tailed test).
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Total TEQ vs Average daily flow

Non-detects set to zero.
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Figure5.7 Regression line and 90 % prediction interva for total TEQ mass fraction versus average daily flow. Non-detects set to
zero.
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Total TEQ vs Average daily flow

Non-detects set to detection limits.
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Figure5.8 Regression line and 90 % prediction interval for total TEQ mass fraction versus average daily flow. Non-detects st to
detection limits.
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Dioxin/furan TEQ vs Average daily flow

Non-detects set to zero.
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Figure5.9 Regresson line and 90 % prediction interva for dioxinfuran TEQ mass fraction versus average daily flow. Non-detects
et to zero.
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Dioxin/furan TEQ vs Average daily flow

Non-detects set to detection limits.
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Figure510 Regresson line and 90 % prediction interval for dioxin/furan TEQ mass fraction versus average daily flow. Non-detects
Set to detection limits.
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PCB TEQ vs Average daily flow

Non-detects set to zero.
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Figure5.11  Regression line and 90 % prediction interval for PCB TEQ mass fraction versus average daily flow. Non-detects set to
zero.
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PCB TEQ vs Average daily flow

Non-detects set to detection limits.
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Figure512  Regresson line and 90 % prediction interval for PCB TEQ mass fraction versus average daily flow. Non-detects st to
detection limits.
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Table5.14 Characteristics of logarithmically transformed TEQ mass fraction data for facilitieswith# 1 MGD average daily flow
Treatzzzi g non- Data subset Number (oNf)sampIes Mean Standard deviation Standarr(i z;rnor of the

Total 7 351 050 0.19

Detection limits Dioxinsand Furans 7 296 0.22 0.08
PCBs 7 232 110 041

Total 7 2.88 045 017

Zero Dioxins and Furans 7 252 0.46 0.17

PCBs 7 143 0.89 034

Table5.15 Characteristics of logarithmically transformed TEQ mass fraction datafor facilitieswith > 1 MGD average daily flow
Treatr;;r;: tosf non- Data subset Number ((l)\lj)samples Mean Standard deviation Standarr(il1 Z;]or of the

Total 187 342 0.65 0.05

Detection limits Dioxinsand Furans 187 309 061 004
PCBs 187 193 0.86 0.06

Total 187 259 131 0.10

Zero Dioxins and Furans 187 215 141 0.10

PCBs 186 118 135 0.10

e
Cambridge Environmental Inc

58 Charles Street Cambridge, Massachusetts 02141

617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com

5A-19




Table5.16 F and t test results for comparison of facilitieswith# 1 MGD average daily flow versus> 1 MGD average daily flow

Treatment of non- Numerator | Denominator . tiest - t probability
detects Data subset Degrees of Degreesof |F score | F probability | degreesof | t statistic (2-tailed test)
freedom freedom freedom

Total 186 6 174 0.25 192 0.37 071

Detection limits  |Dioxins and Furans 186 6 7.98 0.01 10.09 -1.39 0.19

PCB 186 6 0.62 0.86 192 118 0.24

Total 186 6 8.40 0.01 10.33 150 0.16

Zero Dioxinsand Furans 186 6 9.39 0.00 10.92 184 0.09

PCB 185 6 227 015 191 047 0.64

Statistically significant (to 95% level of confidence) F and t scores arein boldface.
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Table5.17 Correlation results for logarithmically transformed TEQ mass fractions (pg/g TEQ) vs. percent
solidsin sample

Non-detects set to detection limits. Non-detects set to zero.

Total Dioxin/furan PCB Total Dioxin/furan PCB
Number of samples 200 200 200 200 200 199
Degrees of freedom 198 198 198 198 198 197
Correlation coefficient (r) 0.03 0.06 004 0.03 0.03 0.02

Fraction of variance
accounted for by 0.0010 0.0031 0.0017 0.00095 0.0010 0.0005
regression (r?)

Constant of correlation (b)

341 305 201 258 214 1.26

(pg/g TEQ)
Slope of correlation (m)

0.0010 00016 00017 | 000193 0.0021 -0.0015
(pg/g TEQ per MGD)
23”dard error of thesiope |y, 0.0021 00030 | 00045 0.0048 0.0047
Standard error of the 065 0.60 0.8 129 138 135
estimate (s,)
t statistic for slope 0.45 0.79 -0.57 043 0.45 -0.33

Average of percent solidsin sample: 21.87%.
Standard deviation of percent solids in sample: 20.56%

A r valuesin boldface are significant at 95%.
B Slopes in boldface are significant at 95% (2-tailed test).
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Total TEQ vs % solids in sample

Non-detects set to zero.
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Figure5.13  Regression line and 90 % prediction interval for total TEQ mass fraction versus percent solids in sample. Non-detects set
to zero.
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Total TEQ vs % solids in sample

Non-detects set to detection limits.
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Figure5.14  Regresson line and 90 % prediction interva for total TEQ mass fraction versus percent solids in sample. Non-detects set
to detection limits,
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Dioxin/furan TEQ vs % solids in sample

Non-detects set to zero.
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Figure5.15 Regressonlineand 90 % prediction interva for dioxin/furan TEQ mass fraction versus percent solids in sample. Non-
detects set to zero.
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Dioxin/furan TEQ vs % total solids

Non-detects set to detection limits.
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Figure5.16  Regresson line and 90 % prediction interva for dioxin/furan TEQ mass fraction versus percent solids in sample. Non-
detects st to detection limits.
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PCB TEQ vs % solids in sample

Non-detects set to zero.
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Figure5.17  Regresson line and 90 % prediction interva for PCB TEQ mass fraction versus percent solids in sample. Non-detects
et to zero.
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PCB TEQ vs % solids in sample

Non-detects set to detection limits.
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Figure5.18  Regresson line and 90 % prediction interva for PCB TEQ mass fraction versus percent solids in sample. Non-detects
Set to detection limits.
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Table5.18 Correlation results for logarithmically transformed TEQ mass fractions (pg/g TEQ) vs. percent
industrial loading

Non-detects set to detection limits. Non-detects set to zero.

Total Dioxin/furan PCB Total Dioxin/furan PCB
Number of samples 189 189 189 189 189 189
Degrees of freedom 187 187 187 187 187 187
Correlation coefficient (r) 011 0.06 0.16 0.15 0.17 0.07

Fraction of variance
accounted for by 0.0117 0.0042 0.0245 0.0213 0.0288 0.0052

regression (r?)

Constant of correlation (b)

347 311 205 273 234 124

(pg/g TEQ)
Slope of correlation (m)

-0.0046 -0.0026 00089 |-00124 | -0.0155 -0.0062
(pg/g TEQ per MGD)
23”dard error of thesiope | yy3 0.0029 00041 | 00062 0.0066 0.0063
Standard error of the 065 061 0.86 129 1.39 133
estimate (s,)
t statistic for slope -1.49 -0.88 217 2.02 235 -0.99

Average of percent industrial loading: 12.1%.
Standard deviation of percent industrial loading: 15.3%

A r valuesin boldface are significant at 95%.
B Slopes in boldface are significant at 95% (2-tailed test).
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Total TEQ vs % industrial load

Non-detects set to zero.
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Figure5.19  Regresson line and 90% confidence interva for total TEQ mass fraction versus percent industrial loading. Non-detects
st to zero.
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Total TEQ vs % industrial load

Non-detects set to detection limits.
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Figure5.20  Regression line and 90% prediction interval for total TEQ mass fraction versus percent industrial loading. Non-detects
Set to detection limits.
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Dioxin/furan TEQ vs % industrial load

Non-detects set to zero.
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Figure5.21  Regresson line and 90% prediction interva for dioxin/furan TEQ mass fraction versus percent industrid loading. Non-
detects set to zero.
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Dioxin/furan TEQ vs % industrial load

Non-detects set to detection limits.
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Figure5.22  Regresson line and 90% prediction interva for dioxin/furan mass fraction versus percent indudtria loading. Non-detects
<t to detection limits.
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PCB TEQ vs % industrial load

Non-detects set to zero.
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Figure5.23  Regression line and 90% prediction interva for PCB TEQ mass fraction versus percent industria loading. Non-detects
st to zero.
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PCB TEQ vs % industrial load

Non-detects set to detection limits.
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Figure5.24  Regression line and 90% prediction interval for PCB TEQ mass fraction versus percent industrial loading. Non-detects
Set to detection limits.
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Table5.19 Correlation results for logarithmically transformed TEQ mass fractions (pg/g TEQ) vs. percent
service areawith combined sewers

Non-detects set to detection limits.

Non-detects set to zero.

Total Dioxin/furan PCB Total Dioxin/furan PCB
Number of samples 179 179 179 179 179 179
Degrees of freedom 177 177 177 177 177 177
Correlation coefficient (r) 0.27 0.18 0.38 0.30 0.23 0.42
Fraction of variance
accounted for by 0.07 0.03 014 0.09 0.05 0.18
regression (r?)
Constant of correlation (b)

335 3.05 182 247 205 0.99
(pg/g TEQ)
Slope of correlation (m)

0.0059 0.0038 0.0108 0.0131 0.0110 0.0182

(pg/g TEQ per MGD)
23”dard error of theslope | 4y 0.0015 00020 | 00031 0.0034 0.0029
Standard error of the 062 0,60 079 122 135 116
estimate (s,)
t statistic for slope 3.73 2.50 5.42 4.26 3.21 6.20

Average of percent service areawith combined sewers: 13.7%.

Standard deviation of percent service areawith combined sewers: 29.7%

A r valuesin boldface are significant at 95%.
B Slopes in boldface are significant at 95% (2-tailed test).
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Total TEQ vs % combined sewers

Non-detects set to zero.
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Figure5.25  Regresson line and 90% prediction interva for total TEQ mass fraction versus percentage of service areawith combined
sawers. Non-detects set to zero.
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Total TEQ vs % combined sewers

Non-detects set to detection limits.
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Figure5.26  Regresson line and 90% prediction interva for total TEQ mass fraction versus percent of service areawith combined
sewers. Non-detects set to detection limits.
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Dioxin/furan TEQ vs % combined sewers

Non-detects set to zero.
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Figure5.27  Regression line and 90% prediction interval for dioxin/furan TEQ mass fraction versus percent of service areawith
combined sewers. Non-detects set to zero.

W-‘-_

Cambridge Environmental Inc

58 Charles Street Cambridge, Massachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com
5A-38



Dioxin/furan TEQ vs % combined sewers

Non-detects set to detection limits.
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Figure5.28  Regresson line and 90% prediction interva for dioxin/furan mass fraction versus percent of service areawith combined
sewers. Non-detects set to detection limits.
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PCB TEQ vs % combined sewers

Non-detects set to zero.
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Figure5.29  Regression line and 90% prediction interva for PCB TEQ mass fraction versus percent of service area with combined
saewers. Non-detects set to zero.

w-‘-

Cambridge Environmental Inc

58 Charles Street Cambridge, Massachusetts 02141
617-225-0810 FAX: 617-225-0813 E-mail: info@CambridgeEnvironmental.com

5A—-40



PCB TEQ vs % combined sewers

Non-detects set to detection limits.
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Figure5.30  Regression line and 90% prediction interval for PCB TEQ mass fraction versus percent of service areawith combined
sawers. Non-detects set to detection limits.
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Table5.20 Vaiablesinitidly induded in multiple linear regresson
Numeric Variables (7)

Percent solidsin sample

Tota annud biosolids

Average dally flow

Average percent total solids

Percent industrid loading

Percent service area with Combined sewerss

Percent from other POTWSs

Regiona Variables (by U.S. EPA Region) (10)

Region 1

Region 2

Region 3

Region 4

Region 5

Region 6

Region 7

Region 8

Region 9

Region 10

Process variables (26)

Gravity thickening (lagooning)
Gravity bdt thickening
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Table5.20 Vaiablesinitidly induded in multiple linear regresson

Process variables (cont.) (26)

Aerobic digestion

Anaerobic digestion

Polymer

FeCl,

FeCl,

H.0,

Thermd conditioning

Alum

Lime gabilization

DAFT

Carbonaceous activated dudge

KMnO,

WAS (waste activated dudge)

Centrifuge

Aerated mixing w/out digestion

Decanting

ATAD

Filter press

Drying beds

Vacuum filters

AASSD process

N-Viro

Air drying
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Table5.20 Vaiablesinitidly induded in multiple linear regresson

I | Heat drying ||

Sample description variables (16)

Vacuum filter cake

Filter press cake

Centrifuge cake
Aerobicaly digested biosolids

Anaerobicaly digested biosolids

Lagooned biosolids
Lime gtabilized biosolids

Non-dewatered biosolids

Dewatered biosolids

Heat dried biosolids

Air dried biosolids

AASSD (N-Viro)

TAGRO

ATAD biosolids

GBT cake

Compost
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Table5.21 Variables excluded from multiple linear regression

Variable Type
Total annual biosolids Numeric
Region 1 Regional
H,O, Process
Alum Process
Carbonaceous activated sludge Process
KMnQ, Process
Aerated mixing without digestion Process
Vacuum filters Process
N-Viro Process
Vacuum filter cake Sample Description
Non-dewatered biosolids Sample Description
TAGRO Sample Description
ATAD biosolids Sample Description
GBT cake Sample Description
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Tableb.22 Regression coefficients for logarithmically transformed total TEQ versus six numeric variables.
Non-detects set to zero.

Vaiable Coefficient Standard_ E_rror of t statistic of coefficient
Coefficient

Percent solidsin sample (%) -0.0052 0.00908 053

Average daily flow (MGD) 1.14e-06 0.0012 0.001
Average percent total solids (%) 0.0146 0.0099 148

Percent industrial loading (%) -0.0109 0.0077 142
Percentage of service areawith 0083

combined sewers (%) . 0.0059 150

Percent of flow from other 00162 00133 121

POTWs (%)

Coefficients that pass a 90% confidence test arein boldface.

Tabhle5.23 Correlation results for logarithmically transformed total TEQ versus the six numeric variablesin
Table5.22. Non-detects set to zero.

Parameter Vaue

Number of samples 129

Degrees of freedom 122

Correlation coefficient (r) 033

Fraction of variance accounted for by regression (r?) 011

Constant of correlation (b) 234

Standard error of the estimate 1.30
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Table5.24 Regression coefficients for logarithmically transformed total TEQ versus six numeric variables.
Non-detects set to detection limits.

Vaiable Coefficient Standard_ E_rror of t statistic of coefficient
Coefficient

Percent solidsin sample (%) -0.0025 0.0051 0.49

Average daily flow (MGD) 1.83e04 0.0006 0.29
Average percent total solids (%) 0.0064 0.0051 126

Percent industrial loading (%) -0.0038 0.0040 0.96
Percentage of service areawith 0030

combined sewers (%) 0.0029 0 097

Percent of flow from other 0.0087 0.0069 127

POTWs (%)

Coefficients that are significant with 90% confidence are in bol dface.

Table5.25 Correlation results for logarithmically transformed total TEQ versus the six numeric variablesin
Table 5.22. Non-detects set to detection limits.

Parameter Vaue

Number of samples 129

Degrees of freedom 122

Correlation coefficient (r) 0.28

Fraction of variance accounted for by regression (r?) 0.08

Constant of correlation (b) 3.29

Standard error of the estimate 0.67
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Table5.26 Regression coefficients for logarithmically transformed total TEQ versus U.S. EPA Region. Non-

detects set to zero.

Region Coefficient Stag?gg (I:Eire:?[r of t statistic of coefficient
2 1.76 091 1.94
3 0.99 091 109
4 1.36 091 150
5 091 0.90 101
6 048 095 050
7 126 0.97 130
8 1.06 0.96 111
9 0.28 0.93 0.30
10 101 093 1.08

Coefficients that pass a 90% confidencetest arein bol

dface.

Table5.27 Correlation results for logarithmically transformed total TEQ versus the nineregional variablesin
Table 5.26. Non-detects set to zero.

Parameter Value

Number of samples 200

Degrees of freedom 190

Correlation coefficient (r) 0.33

Fraction of variance accounted for by regression (r?) 011

Constant of correlation (b) 156

Standard error of the estimate 124
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Table5.28 Regression coefficients for logarithmically transformed total TEQ versus U.S. EPA Region. Non-

detects set to detection limits.

Region Coefficient Stag?gg (I:Eire:?[r of t statistic of coefficient
2 0.88 0.46 1.92
3 0.55 0.46 120
4 0.78 0.46 1.68
5 0.59 0.45 130
6 022 048 0.46
7 0.66 0.49 134
8 0.67 048 138
9 0.25 047 0.53
10 055 047 117

Coefficients that pass a 90% confidence test are in boldface.

Table5.29 Correlation results for logarithmically transformed total TEQ versus the nineregional variablesin
Table 5.26. Non-detects set to detection limits.

Parameter Value

Number of samples 200

Degrees of freedom 190

Correlation coefficient (r) 031

Fraction of variance accounted for by regression (r?) 0.10

Constant of correlation (b) 282

Standard error of the estimate 0.63
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Table5.30 Regression coefficients for logarithmically transformed total TEQ versus process variables. Non-

detects set to zero.
Varicble Coefficient Standard Error of t tatistic of coefficient
Coefficient
Gra\(’;g’gggs:‘% ng 013 023 056
Gravity belt thickening -0.29 0.40 0.72
Aerobic digestion 020 0.29 0.67
Anaerobic digestion 0.69 0.23 2.95
Polymer -0.06 0.30 0.21
FeCl, 0.05 0.28 0.19
FeCl, -0.56 0.58 0.96
Thermal conditioning 0.46 050 091
Lime stabilization 0.10 0.29 0.36
DAFT -0.17 0.55 0.32
(waste ac\tllv\gtsed sludge) 07l 0.60 119
Centrifuge -0.44 0.26 1.69
Decanting -0.38 0.73 052
ATAD 0.70 0.76 092
Filter press -0.82 0.26 3.20
Drying beds 0.10 0.32 0.33
AASSD process 0.10 071 014
Air drying 1.35 0.65 2.08
Heat drying 0.63 0.37 1.70
Coefficients that pass a 90% confidence test arein boldface.
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Table5.31 Correlation results for logarithmically transformed total TEQ versus the nineteen process variables
in Table 5.30. Non-detects set to zero.

Parameter Value
Number of samples 200
Degrees of freedom 180
Correlation coefficient (r) 0.45
Fraction of variance accounted for by regression (r?) 021
Constant of correlation (b) 259
Standard error of the estimate 121
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Table5.32 Regression coefficients for logarithmically transformed total TEQ versus process variables. Non-
detects set to detection limits.

Varicble Coefficient Standard Error of t tatistic of coefficient
Coefficient
Gra\(’;g’gggs:‘% ng 0.005 012 004
Gravity belt thickening -0.30 020 145
Aerobic digestion 0.07 015 0.46
Anaerobic digestion 0.30 0.12 2.50
Polymer 0.02 0.15 0.12
FeCl, 0.04 014 0.26
FeCl, -0.22 0.30 0.72
Thermal conditioning 0.13 0.26 0.49
Lime stabilization 0.05 0.15 0.36
DAFT -0.28 0.28 0.99
(waste ac\tllv\gtsed sludge) 029 030 094
Centrifuge -0.29 0.13 2.16
Decanting -0.13 0.37 0.36
ATAD -0.02 0.39 0.05
Filter press -0.38 0.13 2.88
Drying beds 0.10 0.16 0.60
AASSD process -0.13 0.36 0.37
Air drying 0.68 0.33 2.04
Heat drying 0.25 0.19 132
Coefficients that pass a 90% confidence test arein boldface.
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Table5.33 Correlation results for logarithmically transformed total TEQ versus the nineteen process variables
in Table 5.30. Non-detects set to detection limits.

Parameter Value
Number of samples 200
Degrees of freedom 180
Correlation coefficient (r) 042
Fraction of variance accounted for by regression (r?) 0.18
Constant of correlation (b) 348
Standard error of the estimate 0.62
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Table5.34 Regression coefficients for logarithmically transformed total TEQ versus sample description
variables. Non-detects set to zero.

Varicble Coefficient Standard Error of t tatistic of coefficient
Coefficient
Filter press cake -011 043 025
Centrifuge cake 0.09 0.45 0.20
Aerobicaly dlgested 008 055 014
A”aerogggo'ﬁ’ d‘i gested 1.22 0.46 2.65
Lagooned biosolids 092 0.67 137
Lime stabilized biosolids -0.68 049 140
Dewatered biosolids 0.27 0.56 048
Heat dried biosolids 0.60 0.67 0.90
Air dried biosolids 0.72 0.59 122
AASSD (N-Viro) -041 0.80 051
Compost 0.89 055 163
Coefficients that pass a 90% confidence test are in boldface.

Table5.35 Correlation results for logarithmically transformed total TEQ versus the eleven sample description
variablesin Table 5.34. Non-detects set to zero.

Parameter Value

Number of samples 200

Degrees of freedom 188

Correlation coefficient (r) 0.46

Fraction of variance accounted for by regression (r?) 021

Constant of correlation (b) 235

Standard error of the estimate 118
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Table5.36 Regression coefficients for logarithmically transformed total TEQ versus sample description
variables. Non-detects set to detection limits.

Varicble Coefficient Standard Error of t tatistic of coefficient
Coefficient
Filter press cake 0.05 022 024
Centrifuge cake 0.10 022 0.47
Aerobicaly dlgested 007 027 026
A”aerogggo'ﬁ’ d‘i gested 0.75 0.23 3.28
Lagooned biosolids 0.39 034 115
Lime stabilized biosolids -013 0.24 054
Dewatered biosolids 0.16 0.28 0.55
Heat dried biosolids 0.39 034 116
Air dried biosolids 0.68 0.29 2.31
AASSD (N-Viro) -0.19 0.40 047
Compost 0.47 0.27 1.73
Coefficients that pass a 90% confidence test are in boldface.

Table5.37 Correlation results for logarithmically transformed total TEQ versus the eleven sample description
variablesin Table 5.34. Non-detects set to detection limits.

Parameter Value

Number of samples 200

Degrees of freedom 188

Correlation coefficient (r) 0.47

Fraction of variance accounted for by regression (r?) 022

Constant of correlation (b) 319

Standard error of the estimate 0.59
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Table5.38  Variablesusaed in combined regresson

Vaiddle Type
Region 2 Regiond
Anagrobic Digestion Process
Centrifuge Process
Air drying Process
Filter press Process
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Table5.39 Regression coefficients for logarithmically transformed total TEQ versus variables from Table 5.38.
Non-detects set to zero.

Varisle Coefficient Standard Error of t tatistic of coefficient
Coefficient
Region 2 0.75 0.23 3.30
Anaerobic Digestion 0.58 0.17 3.35
Centrifuge -0.38 0.22 1.76
Air drying 1.63 0.59 2.74
Filter press -0.77 0.21 3.76
Coefficients that pass a 90% confidence test are in boldface.

Table5.40 Correlation results for logarithmically transformed total TEQ versusthe five variablesin Table
5.38. Non-detects set to zero.

Parameter Value

Number of samples 200

Degrees of freedom 1M

Correlation coefficient (r) 0.46

Fraction of variance accounted for by regression (r?) 021

Constant of correlation (b) 258

Standard error of the estimate 116
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Table5.41 Regression coefficients for logarithmically transformed total TEQ versus variables from Table 5.38.
Non-detects set to detection limits.

Varisle Coefficient Standard Error of t tatistic of coefficient
Coefficient
Region 2 0.32 0.12 2.70
Anaerobic Digestion 0.29 0.09 3.18
Centrifuge -0.25 0.11 2.18
Air drying 0.79 0.31 2.59
Filter press -0.34 0.11 3.23
Coefficients that pass a 90% confidence test are in boldface.

Table5.42 Correlation results for logarithmically transformed total TEQ versusthe five variablesin Table
5.38. Non-detects set to detection limits.

Parameter Value

Number of samples 200

Degrees of freedom 1M

Correlation coefficient (r) 041

Fraction of variance accounted for by regression (r?) 0.17

Constant of correlation (b) 342

Standard error of the estimate 0.60
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Tabhle5.43 Regression coefficients for logarithmically transformed dioxin/furan TEQ versus variables from
Table 5.38. Non-detects set to zero.

Varisle Coefficient Standard Error of t tatistic of coefficient
Coefficient
Region 2 0.59 0.25 2.36
Anaerobic Digestion 0.54 0.19 2.78
Centrifuge -0.43 0.24 1.76
Air drying 1.81 0.66 2.76
Filter press -0.74 0.23 3.25
Coefficients that pass a 90% confidence test are in boldface.

Table5.44 Correlation results for logarithmically transformed dioxin/furan TEQ versusthefive variablesin
Table 5.38. Non-detects set to zero.

Parameter Value

Number of samples 200

Degrees of freedom 1M

Correlation coefficient (r) 0.40

Fraction of variance accounted for by regression (r?) 0.16

Constant of correlation (b) 218

Standard error of the estimate 128
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Table5.45 Regression coefficients for logarithmically transformed dioxin/furan TEQ versus variables from
Table 5.38. Non-detects set to detection limits.

Varisle Coefficient Standard Error of t tatistic of coefficient
Coefficient
Region 2 0.19 0.11 1.69
Anaerobic Digestion 0.21 0.09 2.52
Centrifuge -0.15 011 141
Air drying 0.87 0.29 3.00
Filter press -0.22 0.10 2.18
Coefficients that pass a 90% confidence test are in boldface.

Table5.46 Correlation results for logarithmically transformed dioxin/furan TEQ versusthefive variablesin
Table 5.38. Non-detects set to detection limits.

Parameter Value

Number of samples 200

Degrees of freedom 1M

Correlation coefficient (r) 034

Fraction of variance accounted for by regression (r?) 012

Constant of correlation (b) 305

Standard error of the estimate 0.57
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Table5.47 Regression coefficients for logarithmically transformed PCB TEQ versus variables from Table 5.38.
Non-detects set to zero.

Varisle Coefficient Standard Error of t tatistic of coefficient
Coefficient
Region 2 0.87 0.23 3.86
Anaerobic Digestion 0.69 0.17 3.98
Centrifuge -0.28 022 130
Air drying 1.13 0.59 191
Filter press -0.98 0.20 4,77
Coefficients that pass a 90% confidence test are in boldface.

Table5.48 Correlation results for logarithmically transformed PCB TEQ versusthefive variablesin Table
5.38. Non-detects set to zero.

Parameter Value

Number of samples 200

Degrees of freedom 1M

Correlation coefficient (r) 053

Fraction of variance accounted for by regression (r?) 0.28

Constant of correlation (b) 116

Standard error of the estimate 115
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Table5.49 Regression coefficients for logarithmically transformed PCB TEQ versus variables from Table 5.38.
Non-detects set to detection limits.

Varisle Coefficient Standard Error of t tatistic of coefficient
Coefficient
Region 2 0.50 0.15 3.25
Anaerobic Digestion 0.42 0.12 3.60
Centrifuge -0.34 0.15 2.30
Air drying 054 0.40 134
Filter press -0.62 0.14 4.43
Coefficients that pass a 90% confidence test are in boldface.

Table5.50 Correlation results for logarithmically transformed PCB TEQ versusthefive variablesin Table
5.38. Non-detects set to detection limits.

Parameter Value

Number of samples 200

Degrees of freedom 1M

Correlation coefficient (r) 0.47

Fraction of variance accounted for by regression (r?) 022

Constant of correlation (b) 2.00

Standard error of the estimate 0.79
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6 Conclusions

Statigtica anayses were performed on the data sets gathered during the AMSA 2000/2001 Survey of
Dioxin-like Compounds in Biosolids. Chemicd compaosition datawas provided by MRI, while
questionnaire responses for each sample were provided by AMSA. The datistical analyses had three
gods to characterize the digtributions of dioxin-like compoundsin biosolids from these various POTWS,
to determine whether the results of AMSA’s 2000/2001 survey were sgnificantly different from the
results of AMSA’s 1994/1995 Survey of Dioxin-like Compounds in Biosolids and to determine whether
there were any correlations between a POTW’ s regiond, influent, process and biosolids related
information and its TEQ mass fractions of dioxin-like compounds in the biosolids (using the TEF system
of Van den Berg et al., 1998). The conclusions of the statistical analyses are asfollows:

The digtributions of totd, dioxin/furan, and PCB TEQ mass fraction gppear to be approximately
lognorma. When non-detected congeners are assumed to be present at one-haf of ther
detection limits, the mean TEQ mass fraction of PCB congenersis 10.0 pg TEQ/g (ppt TEQ),
with amedian value of 5.7 pg TEQ/g and arange from 0.54 pg TEQ/g to 228.7 pg TEQ/g. The
mean TEQ vaue of dioxin/furan congenersis 38.4 pg TEQ/g (ppt TEQ), with amedian vaue of
15.2 pg TEQ/g and arange from 5.94 pg TEQ/g to 3579 pg TEQ/g. Thetotal TEQ vauesfor
the samples have amean value of 48.5 pg TEQ/g, with amedian of 21.7 pg TEQ/g and arange
from 7.10 pg TEQ/g to 3590 pg TEQ/g.

The means of the logarithmically transformed 2000/2001 and 1994/1995 AMSA survey data
Sets gppear to be significantly different, and the 2000/2001 data show lower average TEQ mass
fractions than the 1994/1995 data. When non-detected congeners are assumed to be absent, the
median dioxin/furan TEQ mass fraction declined by 56%, the median PCB subset TEQ mass
fraction (containing only those PCB congeners andyzed in the 1994/1995 survey) declined by
83%, and the median adjusted tota TEQ mass fraction declined by 64%. The corresponding
means declined by 0.5%, 79%, and 32%, respectively. Thus, the decrease in mean total TEQ
appears to be driven by declining PCB concentrations.

The andysis of the samples by U.S. EPA Region suggests that the total and PCB TEQ mass
fractions might vary between regions, athough the evidence is weak consdering the assumptions
required and the number of atigtica tests performed. While the median total TEQ mass fraction
Region 1 iswell below the 10" percentile of total TEQ mass fraction for Regions 2 and 7, this
may be an artifact of the sampling method or smply random variation, particularly snce only two
samples from Region 1 are available. Thus, while there may be regiond differencesin tota and
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PCB TEQ mass fractions, further sampling designed to tests such a hypothesis would be required
to confirmiit.

Single variable regressions of the average daily flow to POTWSs, percent solids in sample, percent
industrid loading of a POTW, and percent of service area with combined sawers, with TEQ
meass fractions show that while the corrdations are potentidly significant, the uncertainty in the
predicted valuesis so large that these variables, when used independently, cannot predict the
TEQ mass fraction of biosolids from a given POTW to within an order of magnitude. Similarly, a
multiple linear regression of the numeric questionnaire variables (i.e., percent industrid flow,
percent service area with Combined sewerss, etc.) suggests that these variables are not useful in
predicting the TEQ mass fraction of asample.

The results of the stepwise multiple linear regression presented in Chapter 5 suggest thet five
variables are potentidly useful in predicting the TEQ mass fraction of a sample: whether the
sampleisin Region 2 (positive coefficient), whether the sample was anaerobically digested
(positive coefficient), whether the sample was centrifuged (negetive coefficient), whether the
sample was air dried (positive coefficient), and whether the sample wasfilter pressed (negative
coefficient). In the regresson of the logarithm of total TEQ mass fraction, these five variables
account for 21% of the variation between samples. For PCB TEQ the five variables account for
28% of the variation, the highest of any of the regressions evauated; however, that leaves
gpproximately three-fourths of the variation between samples unaccounted for. Thus this
correation, even if it is gpplicable in generd, is unlikely to have any sgnificant predictive power,
at least on aPOTW by POTW basistthe 90% prediction interval of the totd TEQ regression is
3.89 on alogarithmic scae, or a50-fold variation in the untransformed vaues, too large for useful
predictions. The same argument holds for the regressons versus tota and dioxin/furan TEQ mass
fraction. Given the limitations of the data used here, further experimentation and analysis would
be needed to confirm any of the trends observed in the regression of the AMSA 2000/2001
survey samples, and changesin a POTW'’ s process may not result in the increases and decreases
of TEQ mass fraction predicted by the regression.
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