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PREFACE

- "In response to a Congressional mandate, a study was undertaken
by the Office of Research and Development, to monitor several metal

“.and. organic ‘pollutants in air and. other environmental media near

the Rutland, Vermont Municipal Waste Combustor (MWC) facility and
to estimate the magnitude of any increases in health risk. As data
became available, it became apparent that there was no obvious
relationship between the operation of the MWC and ambient air -
pollution levels. Therefore, the focus of the study shifted from
one of health risk assessment to one of more sophisticated
statistical analysis to determine whether any 1nfluence of the MWC
was detectable.

This  final report is intended as 'a summary of the study
undertaken in Rutland, Vermont and some practical applications of
the feasibility of conducting environmental monitoring and exposure
- assessment of such facilities. A companion report will be prepared
‘as a guidance manual utilizing the findings summarized in this
~report to provide a "blueprlnt" for other long-term, multimedia and
multipollutant monitoring studies that States or permit applicants
may elect to. undertake to address questions of 1mpact associated
with municipal waste combustors. .

This report has been peer reviewed by scientists within and
external to the Agency culminating in a workshop which was held in
February, 1990. The discussions held at the workshop resulted in
this final report and the future direction of the development of a
companion guidance manual. This study was undertaken under
Cooperative Agreement No. CX184651-01 with the State of Vermont.
For more information, please contact Cynthia Sonich-Mullin,
Environmental Criteria and Assessment Offlce, U.S. EPA, Cincinnati,
Ohio 45268.
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EXECUTIVE SUMMARY

This repdrtA describes 4 ‘ﬁulfiﬁéllutant;' multimedia étudy
designed to determine 1eVelsn6f cénﬁémihanﬁs'iﬁ the‘ambient air,
soil, sediment, water, and"égfiéulfufal"'products (carrots,
potatoes,- milk, and grass"héy)'téuffouhding" a municipal waste
combustor (MWC) in Rutland, Vermdné; ‘The study was initiated to
provide a preliminary determination of. human exposure'resulting
from the MWC.emissioné. >fhé“étﬁ5y>prdcedufés‘and analytical
results afe detailed for samplés COiléctédrbéﬁween:Qctober 1987 and
February 1989. | | |

The levels of sélected pollﬁtants were measured in the ambient

-

air and environméntal media at or near prediéted sites of maximum
deposition surrounding thé'MWC. ‘Air dispersion modeling of ltlel
emissions from the MWC prior tp its operation was conducted to
'seléct appropriate locétions to place ambient air ﬁﬁnitorsrandjto
collect,envirohmental media samples. As a'result,‘a four-statiohv
ambient air monitoring network was eétablished for collection of
samples to measure. ground-level ambient airv concentrations of
 pollutants from the incinerator,emissions. The monitors were
placed at Watkins Avenue, River Street,‘Route 4, and thg Rutland,
Vermont State and Local Air Monitoring Station (SLAMS).

Ambient air samples were analyzed for the following
pollutants: arsenic and chromiunm (by neutron activation analysis);
beryllium, cadmium, lead,r and nickel (by Inductiveiy Coupled

Plasma-Atomic Emission Spectrometry); - mercury (by pyrolyzer-
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dosimeter) ;. benzo(a)pyrgne (by thinslayer chromatography); PCBs (by

o e
Do e TS 67

gas chromatography with electron capture detection); and PCDD/PCDFs

(by high resolutiqﬁ . gas phromgtgggaphyfnigh resolution mass .

R E A S

spectrometry). Particulates werg,qga@ined for mutagenic activity

by the reverse mutation assay. . _ =

Wind speed, wind direction,.tempeégture[ relative humidity,

and solar radiation.were continuously monitored and recorded at

three sites: SLAMS, River Street, and Watkins Avenue. Rainfall

intensity and'atméspheriq pressure were also collected at the

SLAMS.

Environmental media samples, except water, were analyzed for

the following pollutants: arsehig1(py,graphite fu:nacehatqmic’

absorption spectrometry) ; berylliuml:cadmium, ¢chromium, lead, and

nickel (by direct aspiration atomic  absorption spectrgmepry);

;mercury (by the cold vapor tegbn;quehof_qiteqt,aspiratiqn atqmip'

absorption spectrometry); and PCBs and PCDD/PCDFs (by, high .

resolution gas chromatography;higb;reso;utiqn‘mass spectrometry) .

Water samples were analyzéd,fbrzthgufollowing'po;;utéppg:{;f‘
arsenic and: beryllium (by grgphite .fu§nap¢?.atomipwﬁabsorpt;on,

spectrometry); cadmiunm, ,chrdﬁium, lead, . and ;hickel_g(bg.;dirggykui

aspiration atomic absorption spectrometry)f”and me:cupy¥gpy_;pgﬁy,

cold vapor technique of direct aspiration. étomic absorption

spectrometry) .

R A -

 Most metals were measured above the detection limit in .only. ...

a few ambient air. samples.  Arsenic was. measured agbqygq“i;gﬂw;

detection 1limit of 0.0946~0;0047 pg/m>  in - 7 of 98 samples.
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Berylllum was measured above 1tsydetect£on 11m1t oi 2243 ng/mimr
in 4 of 122 samples. 'Cadmlum_was measured above_;tsAdetection
limit of 0.0009-0.0014 ug/m® ;{}3‘7“’*‘5’7’?’%‘f‘?‘fi"éé 's“Aiﬁméé’: ' chromiun was
measured above its detectlon 11m1t of 0 0065 0 0069 ug/m in'1 of‘
98 samples. Lead was measured above its detectlon 1Lm1t of 0 0061
ug/nl in 108 of 122 samples. = N1cke1 was. measured.'above‘ its

detection 1limit’ of 0 0038-0.0077 ug/nll in 3 of '122 samples;

Benzo(a)pyrene was measured above 1ts detectlon llmlt of 0. 3348ff“w

ng/m in 43 of 131 samples. No PCBs were measured above the'“
detection limit of‘0.7—0.8'ng/m in any‘samples collected.
Total congener and specific 2,3,7,8-chlorine substituted

isomeric ‘concentrations’ in ambient ‘air samples were determined. -

When the reported concentratlon of ‘a 2 3 7, 8-subst1tuted 1somer 1nH*"

a partlcular'homologous serles was nondetectable, the’ concentratlon.

was assumed to be a proportlon\of ‘the total 1somerlc'concentratlon’

of the homologuesjihvthe'series. “For example, if the 2,3,7, SéTéDD

it

concentration’ emltted from the 1n01nerator was approxlmately 5% of

the total emitted TCDD concentratlon, a proportlonallty constant
of 0.05 was used" “to ‘estimate’ the concehtratlon of 2 3,7, '8-TCDD 1nw¢
' that'air;sample-'fTHé‘PrOPbrtionalitY”faCtors were determined from =

actual samples. = = -oElioens

‘Once ~ the proi)"orti‘oh”of' éach 2,3,7,8-chlorine substituted

isomer was estlmated the concentratlons were converted to 2, 3 7, 8=

TCDD 'equlvalents uslng TEFs.‘bi Total 2 3 7 8—TCDD equlvalent

condentrations in’ambient air samples ranged frém 0.011-5.39 pg/m>.

¥
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The Industrlal Source Complex Short—Term (ISCST) model was
run, using Rutland meteorologlc data, to predlct the ground-level
ambient alr concentratlons of pollutants in Rutland for the same

"days on which the amblent alr was sampled at the four monltorlng

.itas. The goal of the modellng procedure was to predlct the 24— :

hour average ambient air concentratlons at each monltorlng s1te"

for each sampllng day assumlng one un1t emission. Thls would
enable these concentratlons to be used later for the comparlson of
the measured and predicted concentratlons.'

The concentrations predlcted to occur at the monltorlng s1tes,
assuming one unit emlsslon(' ranged from 0-5.22 ug/m ’ us1ng
meteorologic data from the VSLAMS, and 0;4.78étvug/mﬁ, using
meteorologlc data from River Street. ' o f : i |

Analys1s of the 1n01nerator as'a source for the measured
pollutants in amblent air encompassed four approaches~‘ (1) the
daily tons of waste burned in the MWC were compared to measured
particulate matter (PM—lO) concentratlons, (2) mutagenlc act1v1ty
vas compared to PM—lO concentratlons ahd tons of waste burned (3)
the congener proflles of measured PCDD/PCDF in Rutland amblent a1r
vere compared to those of potent1a1 sources, and (4) dally amblent
air concentrations of pollutants that were_predlcted fromvalr
dispersion modeling were compared to the measured pollutant
concentrations. R A

The approach for the analys1s of env1ronmental medla ‘was

qualitative, comparing concentratlons between the various sampllng
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perlods and comparlng pollutant concentratlons detected 1n Rutland:
w1th those descrlbed for other geographlcal reglons. - | ‘

| The flrst approach to asses51ng the contrlbutlon of the MWC
em1551ons to the pollutant concentratlon 1n Rutland amblent a1r
‘was to attempt to correlate the;amount of waste burned by the
1n01nerator each day w1th the partlculate matter (PM-lO fractlon)
concentratlons._ A correlatlon between tons of waste burned and“
: PM—lO concentratlon would suggest that the MWC was the prlmary
source of”pollutants in the a1r.' No correlatlon by regre551on
analy51s between the amount of waste burned dally and amblent air
partlculate concentratlon at any of the 51tes was found to ex1st.
vThls suggests that the MWC is not the sole source of partlculates
Vln the Rutland amblent air. | | v .‘

| The reverse mutation assay was usedltordeterminevthe 1evels
:of mutagenlc act1v1ty ass001ated w1th partlcles from amblent a1r
‘collected surroundlng the Rutland MWC. A pos1t1ve correlatlon
: between partlcle concentratlon and mutagenlc act1v3ty was observed
at all four sampllng s1tes. lThere was, however, no correlatlon

R e

between the number of tons of waste burned and mutagenlc act1v1ty
at any of thev s1tes. ThlS suggests that other sources are
‘respons1ble for partlcles 1n amblent a1r that 1nduce mutagenlcl
;act1v1ty 1n Rutland. - ; | - |

B The PCDD/PCDF congener concentratlons of. the amblent alr

samples were used to make graphlc dlsplays of the dlstrlbutlon

patterns of the homologues. The purpose of the congener proflles

-'e‘ Ratant

was to compare the pattern of the PCDD/PCDF congeners in thev




samples with the éatterns of congeners‘from poﬁential sources.

The PCDD/PCDF concentrations and distribution patterns for the same
day, and also on different days; differed among monitcring sites,
indicating that local sources (i. e., sources very closetto each
monitoring site) influence 'the concentratlons and dJ.strlbutlon
patterns at each site. The PCDD/PCDF concentratlons and
distribution patterns of homologues vary between days and dlfferent
sampling intervals, suggestlng that PCDD/PCDF' sources may change
with time.

The congener pfofiles of ambient air were compared to the
congener profiles of the stack emiesion fron’the MWC and chimney
soot. In general, the congener profiles of the amhient air samplee
collected on two winter days do nct'resemble those of chimney soot.

Congener profiles were developed for the MWC stack emissions
measured on three days by the MWC contract laboratofy. The stack
testing was performed on different days than the anbient air.
sampling. The profiles of stack emission have similar PCDD/PCDF
distribution patterns. When the congener profiles of the ambient
air collected at one specific.site are compared to ‘the proflles of
the stack emissions, the PCDF congener patterns show a resemblance,
but the PCDD congener patterns do not. In general, the amblent air
samples have higher HxCDD and OCDQ relative percentages hhanﬁthe

stack emissions.

xxviii




Because of the varlatlons detected in cmmcentratlons and
congener profiles between s1tes; days, and weeks, 1t is unllkelyv
that the PCDD/PCDFs Were from wood burnlng or the MWC alone{ but
from a varlety of sources. - - '

The pollutant concentratlons measured in Rutland amblent air
When the 1nc1nerator was in operatlon *representedm the total
vconcentratlon of each pollutantxfrom both the incinerator and other
_sources. In order to determlne if the concentratlons of measured
pollutants were prlmarlly from the MWC the proportlon of the
pollutants attrlbutable to other sources needed to be assessed.
Since an 1nventory of other sources for the measured pollutants was
rnot avallable, source apportlonment was assessed by statlstlcally
rcomparlng measured and predlcted amblent air concentratlons.

' Lead concentratlons were compared using two nonparametrlc
methods, the modified s1gn test and the Frledman nonparametrlc
ANOVA From the modified 51gn tests 1t was determlned that there
was no evidence for a correlatlon between the measured lead
concentratlons and the lead concentratlons predlcted by the
dlspers1on model From the Frledman nonparametrlc ANOVA tests, it
was determlned that the pattern of lead concentratlons (hlghest to
ilowest concentratlon) dlffered between the modeled and measured
t concentratlons. o |

The ‘statlstlcal rcomparlson of the ‘measured 'and ‘modeled
concentratlonsg of PCDD/PCDFs involved . the " convers1on of the
PCDD/PCDF isomer concentrations to 2,3,7,8-TCDD equivalents. As

with lead, PCDD/PCDF concentrations were compared using ' the
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modified sign test and the Friedmaﬁ nonparametric‘ANOVQ. The
analyses were perforﬁed for both the ’2,3,7,8-TCDD equivaient
concentrations and the OCDD concentrations. Tﬁe modifiéd‘sign test
using OoCDD indicated no cdrfélatioﬁiﬁetweeh'ﬁeasuréd andAprediéted
OCDD concentrations. .The results of the Friedman anal&ééé using
either the 2,3,7;8-TCDD equiﬁéléht or the OCDD concentrations
indicate that there is no statistically significant differenCe‘in
the measured or modeled concentrations between the fouimémbient‘air
monitoring sites. - ’

The statistical analyses of the measured and pfédicted lead
and PCDD/PCDF data suggest ‘éhét' theré are other sources
contributing to these meésured ieVels and that the MWC was not;tﬁé
primary source of the pollutanté.

Additional air dispersioﬁ hodelin@lwaé performed to pfedict
annual-average concentrationé.:'Using‘site-spécific Rﬁtiénd data,
the ISCLT resulté_confirmed the iﬁitiai'mbdéling efforts ﬁéedﬂto
locate the ambient air moniﬁorihgfsifesQI_ASshmiﬁg the maximum
stack emission rates of the 3 stack testing rﬁns, thé‘méiériﬁy of
the pollutant levels attributable to the MWC (with the exceptions
of PCDD/PCDFs and lead) may not be measurable uSing'the’Cﬁffént
analytical techniques. = The ‘bredicted' concentrations ' of ‘some
pollutants were orders of magnitude less than ‘the éﬁalyticaiﬁiimit
of detection. Consequently, the pollutant ambiéﬁt‘>5aif'
concentra?ions emitted by the chjéénéraiiy'coﬁld‘nbt”ﬁ;ve béen

w6 g

measured. .
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., Concentrations of arsenic, berylliun, chromiun, lead, mercury,
E_and nickel in both produce and forage-were nondetectable. The mean‘
_‘and 0 3 mg/kg 1n October and November 1987 respectlvely ’The
vconcentratlon of cadmlum 1n forage was, detectable (0.1 mg/kg) in
,v#oneéof:two sampleshrn“Novemberil?§z_and,wasrnondetectablerlnjall

other produce and forage samples for both sampling rounds.

_Concentratlons_oﬁfberyll;gmyin;milk were”nondetectable for
__all,sampling periodsjand sites. thomium and.lead concentrations
. were fonndwln,milkyinﬁmeasnrablejguantities“atnseveral:sites in‘

October and November 1987, but, were below the‘detection limit
gldurlng“theﬁincinerator's operational’perlod‘(June,h1988),

Water concentrations of arsenic, beryllium, and nickel were
‘ nqndetectable‘at all sitesuforisll sampllng.beriqu. Cadmium and
lmeercmrylconcentrationsMinwwaterfwere,detectable at one site during
qnf.e__sf;amp,ling period, but .Wthé__,mgasvur.ed ancentr,ation,was eiqual to
;vthe detectionﬂlimit. ) Arsenic,!beryllium, cadmium, and nickel
hconcentratlons 1n water were at or equal to the detection. 11m1ts.
f%ﬁChromlum and . lead concentratlons 1n water exceeded the detectlon
lJmlt 1n several samples collected 1n the sampllng perlods when the
tk 1nc1nerator was, pre- operatlonal (October and November 1987)

. All metals except cadmium and mercury were found to be present
in sediment in detectable concentrations. Only one sample each of

cadmium and mercury‘were detectable.
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Overall, these results indicate that there were no apparent'
increases in metal concentrations in the environmentélrmedia during
the period when the Rutland MWC was opérational relative to the
period prior to combustor operation.

The concentratlons of PCB 1n the produce and foxage ranged
from 1.86x10° (carrot) to 6.18x10° (potato) rg/g. The produce PCB
concentrations 1n Rutland are similar to those found 'elsewhere.
The results of the milk, sediment, and soil sample analyses do not
indicate that PCB concentrations in these enylronmenLal media have
increased because of deposition of PCBé from the stack emissions,
but indicate the concentratioﬁs are similar to those found
elsewhere. |

The effect of incinerator emissions on total PCB-
concentrations in forage énd produce could not be determined, since
these media were only sampled.'prior “to MWC operations. No
difference in total PCB concentrations was found in milk, sediment,
or soil sampled both before and'during incinerator emissions.

Most of the 2,3,7,8—TCD5 equivalent average conéentrations
were derived from values that .were nondetectable but were
conservatively set equal to fheldetection limit. 'The average
2,3,7,8~TCDD equivalent concentrations‘in the produce and forage
ranged from 4.88-11.1 ro/g.

The majority of PCDD/PCDF isomef' COncehtrétions in milk,'
sediment, and soil were non—detectable,'and'wefe seﬁAequal to the
detection limit for the purpose of calculating aﬁéfage 2,3,7,8-

TCDD equivalent concentrations.
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Since samples of forage and produce were only collected prior
to commencement of.operations of the MWC, it was not possible to
determine whether concentratiOns of PCDD/PCDFs in these media were
altered ‘hecausej of combustor' emissions. In samples of milk
sediment “"én&"’ééil Lthere .were no statlstlcally significant
1ncreases in 2, 3 7,8-TCDD, equlvalent concentratlon in samples
collected  after commencement of operations of the MWC, when
compared to samples taken prior to operation.

lﬂﬂThe‘measufed concentrations of metals, PCB, or PéDD/?CDF in
oroduce, forage, milk;vsoil, sediments, or water (metals only) are
within the range of background‘ concentrations found in other
geographical areas.

The objectlve of thls study was to determlne 1f there were
human health rlsks attrlbutable to the operatlon of thls”
rlnclnerator. This objective could not he attained'hecause the
majority oflpollotants ln‘the ambient air and environmental media
were,not presentrin concentrations that could be detected by the
analytical,methods employed. This-made a direct determination of
the conttibution of the incinerator to the measurable concentration‘
of pollutants not vpossihle. 'Therefore, an analysis of the
,likelihood that the.incinerator'was a primary contributor to the
neasured pollutant concentrations was - assessed using several
alternative approaches. o

~The conclu51on reached by evaluatlon of the collected fleld'
samples. 1s that the measured concentrations of the pollutants in’

the amblent air and env1ronmenta1 medla cannot be correlated with
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the emissions or operation of the MWC. The MWC does not appear to
be the primary source of these pollutants. Evidence for this
conclusion comes from both gqualitative ahd quantitative evaluation
of the measured pollutant concentrations in the ambient air and -
env1ronmental medla,xas well as comparlson w1th predlcted amblentv
air concentratlons of the pollutants u51ng local meteorologlc

information. e

While thls fleld study dld not show that the MWC was a prlmary.:‘
contrlbutar to the measured levels of pollutants, the results;
contaln information about the background levels of pol]utants and
the contribution of other sources to the Rutland Vermont area.'m“

Contained in. the accompanylng appendlces is ‘1nformatlon

relevant to this pilot study. The Quality Assurance/Quallty

Control Plans, the analytical results, the environmental modellng

and the statistical ahalyses,are}p:esehted.Tw

XXXV




1. INTRODUCTION

1.1. PROJECT OBJECTIVE ~ °
' This 'report -déscribes va wmﬁitipdllutént;"multimedia study

designed to determine levels of contaminants in the ambient air,

soil,  sediment, water and agfiéultural products surrounding a ‘f‘

municipal wasté combustor (MWC). Tﬁéipfdjec£;VCdofdimatéd by the
Envifonménta;'Critéria‘and Assessment Office in‘cincinnati'(U;S;'
EPA, Office of Rééeafcﬁ.and Development, Offide’of Health and
Environmentai:Assésémént);'waé initiated to provide a prelimihafy"'
determination of human exposure resulting from MWC emissions  for
use by Agéncy'ﬁeféohhelf f |

| The U.S. EPA entered into a cooperative agreement with the
State of Vermont to perform environmental monitoring of the MWC at
Rutland, Vermont (Vermont Air Pollﬁtion Control Division, Aéency
of Natural Resources, 1987a). Although similar studiesrhave been
conducted in Europe (i.e., Yasuhara et al., 1987; Morita et al.,
1987), this was one of the first multipollﬁtant, multimedia‘
investigations of muniéipal waste combustidn in the United States. .
In the past, other field investigations of pollﬁtanté emitted from
MWCs have primarily focused on quantifying one or a few classes of
chemicals (e.g., polychlorinated . dibenzb—p—dioxins and
dibenzofurans, or metals) in a few environmental samples (e.g.,

air, milk or soil). This study measured pollutants in ambient air_'

and various environmental media so that indirect routes of exposure




in addition to the direct inhalation route (U.S. EPA, 1987a) could
be considered. This study may also serve as a protocol for future
multipollutant, multimedia field assessments of other MWCs.

This report details the study procedures and analytical
results for samples collected between Octdbe? 1987 and February
1989. An assessment of whether the measured céncentrations in the
environmental sampleé can be attributed to thé MWC is presented.
The report summarizes the uncertainties assoéiatea‘with the study
design and collection and analysis of the data, and discuéses the
implications of these unéertainties in the intérpretation of the
data. Several issues that complicate the use éf these data are

also discussed.

i1.2. THE RUTLAND RESOURCE RECOVERY FACILITY

ﬁThe Rutland Resource Recovery Facility is located in Rutland,
Vermont, a city with a population of approximately 18,000 (Figure
i-1). Rutland has an average yearly temperature of 46.3°F.
Rutland is situated in west-central Vermont in Rutland County. The
town is in a mountain valley, with ridges to the east and west
risihg over 1000 feet above the valley floor;‘iHills rising to over
1000 ft. mean sea level (m.s;l.)¢are present to the immediate
north-northwest andvsouth-southwest. , Elevafions over 2000 ft.

m.s.l. are found 7 km to the east. The seasonal rainfall for

Rutland is 33.62 inches and the seasonal snowfall is 62.8 inches.
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Rutland is designated as an atteinment area and the area within a
40 km radius of the facility is designated as either attainment or
unclassified for all criteria pollutants (Agency of Environmentai
Conservation, State of Vermont, 1986). | |

In accordance with Vermont Air Pollution cControl Division
(VAPCD) Regulations, a permit was iésued to the Rutland Resource’
Recovery Facility,"manufécﬁﬁrea and cpefated'byAVicon Resource
Recovery Systens (Bﬁtier; New;Jersey), oh March 20, 1984:l The
pernmit was feopened due to concerns over dioxin ‘and acid. gas
emissions. The incinerator Was'redeeighed'fo ihcludevaddifionaiv
pollution control equipment, which chenged the stéck parameters.e
An amended permit was issued on September 11, 1986; Téble‘i—ie
lists the enission standards allowed under the ameﬁded air
pollution control permit. | |

The facility is ~2 km west of the downfcwn center’of Rutland
on a site bounded on the north by U S. Route 4 and on the south by
otter Creek. It is located on flat terraln at an elevatlon of 554
£ft. n.s.1l. ;The MWC con51sts of two mass-flred 1nc1nerators, each
consistingtof arfefractoryeiiﬁed furnace aﬁd e separéte weste‘heat;
boiler (modular burners) (Vermont Air Pollutlon Control D1v1s10n,
Agency of Natural Resources, 1985) Each of the two 1n01nerators.
at the facility is llmlted to its maximum de51gn capac1ty of 120
tons of municipal solid waste per day (total of 240 tpd) and the
entire facility cannot combust more than 80,600 tons per §ear of

refuse based on a 91% availability'faCtor (AQency of Environmental
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Conservation, State of Vermont 1986) A summary of the source
characterlstlcs is presented in Table 1-2 and a dlagram of the
faclllty is presented in Flgure 1- 2.‘

The Rutland facility isgdesigned such that‘solid'waste“is
dumped into an enclosed tipplng floor‘having a‘storage capacity of -
400 tons (Agency of Environmental'Conservation, State of wermont;
1984). The refuse is transferred from thebtipping floor, toﬂa
loader, and then to the feed hoppers. From the feed hoppers, the
solld waste enters the furnace by means of a hydraullc ram that
pushes it into the primary combustion chamber. The burning waste
travels through the furnace down a series of fixed refractorj
hearths. The hot gases from the prlmary combustlon chamber enter
a secondary combustion chamber where combustlon 1s completed and
then pass through a tertiary (m1x1ng) chamber. The gas is passed
through the boilers, produolng superheated process steam, and
through an economizer that preheats boller feedwater. Gases
exiting the economizers enter an electrostatlc pre01pltator (ESP
one unit per furnace) for the removal of partlculate matter, pass
through a condensing heat exchanger, and finallj pass through wetv
scrubbers for the removal of a01d gases prlor to release to the_
atmosphere. Em1ss1ons from the two unlts are'vented to separate
flues within the same 50-meter hlghbstack.  The steam produced in’
the waste heat boilers 1s used to generate electrlclty Although
no auxiliary fuel is requlred to malntaln the flame in the mass fed

furnaces, each furnace has an auxlllary burner. capable of burnlng‘



TABLE 1- 2

Source Characterlstlcs of the Vlcon MWC 1n Rutland Vermont

Source location: 4 829 700 n north UTM o o
T T e, 7oo mveast UTM S
Source elewation.  554 ft msl (169 m)
stack height: 165 ft (50 am
Stack diameter: 3.4 ft (1.04 my
ﬁxhaust tempereturef 130°F (327.%xk)'
Exhaust ve1001ty.l 56 fps (15 24 m/s)
Exhaust flow' 27 566 acfm (13 o m/s))
Cross~sectlonal area of structure.ﬁ

A Bu11d1ng helght:‘ 36 ft (11 0 m)

| Bulldlng length: 240 ft (73 2 m) R

Bulldlng w1dth' 160 ft (48 8 m) ;

Emlss10n factor' Unlty factors (1 0 g/s) N o » o : h
Partlculate size dlstrlbutlon. Assumed gaseouss‘ﬁﬁly
Number of stack5°) One (two flues 1n one stack)m ;
Number of 1n01neratlon unlts' Two (mass burn)
Dally capac1ty of each unlt-: 120 tpd o
Expected operat;onal tlme.y 8 000 h/yr (modeled at 8 760 h/yr)
Control equipment: Four-fleld ESP followed by conden51ng heat

exchanger. followed by wet scrubber (packed
tower type) )

Source: Vermont Air Pollution Control D1v1s10n Agency of Natural
. Resources, 1985, .: .~
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natural gas or oil. The auxiliary burner is designed for start-

up use andv: load stabilization (Agency of  -Environmenta1v

Conservation, State of Vermont, 1984).

The 1n01nerator began burnlng solid waste in November 1987
and continued operatlng until August 1988. The fa0111ty spent a
51gn1f1cant amount of tlme either shut down or operatlng at half
capacity (see Figure 1-3) (Fltzgerald 1990)'_ The lnc1nerator was
shut down on December 13-23, 1987; January 3*12,~1088; and Aprll
-8-11 and 21, 1988; In addltlon, the fa0111ty was operatlng at half

capacity (only one unlt operatlng)*on'November 5 and 17, 1987;

December 11, 1987; January 18 to February 7, 1988; Febrnary 13-

21, 1988, and Aprll 5~7 and 22, 1988.

1.3. STUDY APPROACH
In order to accompllsh the objectlve of thls pro;ect levels

of selected pollutants were. measured in enV1ronmentaL medla before

the Rutland MWC began operatlng and in-. both amblent alr and'

environmental media after the MWC began operatlng. The VAPCD
identified several pollutants to be monltored in amblent air durlng
this project:

Arsenic (As) ‘ 'leckel (Nl)

. Beryllium (Be) . Benzo[a]pyrene (B[a]P) ‘
Cadmium (cd) - Polychlorinated dlbenzodloxln (PCDD)
Chromium (Cr) Polychlorinated dibenzofuran (PCDF)
Lead (Pb) ' "Polychlorinated biphenyl (PCB)

Mercury (Hg) Mutagenlc Organlcs
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Except for benzola]pyrene and mutagehic organics, the above
pollutants were also measured in soil, water, sediment and
agriculturél products. |

The location of the sampling sites wds,détermined by air
dispersion modeling prior‘ to commencement of operation of the
‘incinerator. The MWC was also required to stack test for a number
of pollutants after incineration.commenced (Agency of Environmental
Consefvation, State of Vermont, 1986). The results of thesé stack
tests wére used in addition to air dispersion médeliﬁg for
examination of the contribution of the MWC to ambient air.
concentration of pollutants. The results of both air dispersion
modeling!and the stack testing'are presehted_in Chapter 4.

The VAPCD, the Vermont Water Quality Laboratory of the Vermont
Water Quality Control Division and U.S. EPA laboratories (Office
of Modeling, Monitoring Systems andv .Quality Assurance,
Environmental Chemistry Laboratory, Health Effects Research
Laboratory) were responsib}e for collection and analysis of the
contaminants. The actual sampling and analyses used for ambient 7
éir and ehvironmental media are discussed in Chapter 2, while the
analytical results are summarized in Chapter 3. Chapiler 5 presents
apprdaéheé used to determine the contribution of the MWC to these
measured concentrations found in ambient air and other
environmental media. Chapters 6,thfough 9 present therresults of

the analyses used for the determination of attribution of the MWC

to  the pollutants in the ambient air. Chapter 10 presents




additional air dispersioﬁ'modeling to determine the magnitude of
the long-term ambient air cOncenﬁration in Rutland. Chapter 11
focuses on the fesults of the analees performed on the
environmental media concentrations. The report is concluded with
a summary of the findings and a discussion of the lessons learned
for completing a multimedia, multipollutant field assessment of a

MWC.

1-12



125 SITE SELECTION, ‘SAMPLING AND ANALYSIS

©
’ The'lévélsvofiseledtedvpollutahts wefé:meaSuréd in the ambient
air, soil, water, sediment,'produéelahd“foragefsamples'at*orznéaf.
predictedeites‘of’makimuﬁ*dépbsitioﬁﬂSurroundiné thé»ﬁutland%MWC}
This-chaptérVSumﬁariées'the~ambiéhthéir model used td»predict the
sites of maximum deposition of polluténts. The sampling techniques

‘and anélytical methods used for quantifying each pollutant in these

environmental media are also detailed.

2.1. AIR DISPERSION MODELING FOR SELECTION OF MONITORING SITES
Air dispersion modeling analysié of normalized (i.e., unit
emissions of 1 g/s) étack emissions from the MWC in Rutland,
Vermont was conducted to select appropriate locations for placement
éf ambient air monitors to measuré groundrlevel- ambieﬁt' air
concentration of pollutants due to the incinerator emiésions.
These dispersion models considered source characteristies, terrain,
meteorologic data and feceptor location. Both the UNAMAP 6 version
of the Industrial Source Complex Long-Term (ISCLT) Model (U.S. EPA,r
1986a) and the LONGZ~Model (U.S. EPA, 1982a) were used to predict
long-term average annual air concenfrations of pollutants in the
vicinity of the MWC. Both models were run using polar grid
receptors‘as well as discrete individual receptors. Maximum annual

average ground-level concentrations at receptor sites were

estimated‘for 16 wind directions beginning with north and spaced




every 22.5° along the polar azimuth and at radial distances of 0. 2,
0.5, 1.0, 2.0, 5.0, 10, 20, 30, 40 and 50 km from the MWC for a

total of 160 receptors. In‘additlon, a total of 59 dlscrete

receptors were sited. These discrete receptors Were placed at

points clustered around points of maXimum concentratlon asf
predicted by the polar grid model;‘ A few discrete receptors were
also placed at points thattrepresehted facilitieé‘ased»by certain
sensitive segments of the population (e.g., schoole and‘hospitals).

Five years of meteorologic data (l970-1974)‘from_the‘National
Weather Service Station in Albahy, New York were used as inputvinto
the models since this station had the most recent available
meteorologic data for several 'years 'im' an area with . some
topographical similarities to ﬁutland. SpeCific meLeorologic data
for Rutland, Vermont were not used because the dafa were not'ﬁ
available at the time of modeling. Modeling was repeated us1ng _
limited data from one site, the‘Rutland, Vermontastate and Local
Air Monitoring Station (SLAMS),'and érom cload cover observations
from Burlington, Vermont, recorded aﬁring 1980 (U.S. EPA, 1987K).
Results using the Rutland—Burlington data were similar tobthose
obtained using the Albany data. Dispersion modeling showed the
areas for maximum impact lie within a 1-km raditeifrom the MWC
stack.

Based on the results‘of the air dispersion modeling, a four-
station ambient air.network was}eetablished for collection of

samples (Figure 2-1). The stations were located on accessible
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Figure 2-1. Location of Monitoring Statlons in Rutland, Vermont.
(See Table 2-1 for identification of sampllng sites. )




public property in primarily residential areaé.‘ Three of the
stations were either near the modeled sites 6f highest estimated
annual average concentration of pollutant emissions (within a1 km
radius of the stack) or close to areas of topographical importance;
these sites were located on Watkins ‘Avenue, Route 4, ané River
Street (See Table 2-1). The fourth station was the existing SLAMS.
Water, soil,:sediment, food and forage samples were also collected,
and the collection poinFs for tﬁese samples are also given in Téble
2-1. Some of these sites were at distances >2.0 km and are not.
shown in Figure 2-1.

The Watkins Avenue monitoring site was located 0.37 km north-
northeast of the MWC on the property of the Havenwood Schopl. The
Route 4 monitoring site was located 0.40 km west-southwest of the
MWC, next to the Evergreen Cemetery and the Rutland municipal
building. Residential homes in the area were not located as cioéé
to the Route 4 ‘monitoring site aé the other sites. The . River
Street monitoring site was located by the River Street Pumping‘
Station and across the street from an athletic field, 0.59 km from

the MWC.

2.2. SBAMPLING AND ANALYSIS
The target pollutants for this study were listed in Chaptér
l1l. The methods used for the collection and chemical analyéis of

samples are described in separate sections because of the

difference in these methods for air samples and the environmental




TABLE 2-1

Sampling Sites in Rutland,: Vermont

Media

Rutland City
'Reservoir

Rocky ?ond

6.4 knm northeast; this
is the primary drinking
water source for Rutland

2.4 km north

site Location Relative to MWC Sampled
MWC Adjacent to MWC Soil (1)*
SLAMS 1.1 km east-northeast Air (é)
Watkins - 0.37 km north-northeast Air (3)
Avenue Soil -
" Route 4 0.40 km west-southwest . Air (4)
Soil
River 0.59 km south-southeast Air(s)
Street 7 Soil-
Route 3 1.7 km west-northwest Milk (6a)
: Forage {(6b)
Soil (6b)
Quarterlihe/ 2.2 km south-southwest Milk (7a)
Boardman Hill ‘ Potato (7b)
Roads Soil (7b)
Creek Road 2.8 km south Milk . (8)
' Forage
Soil
Route 133 | 4.6 km west-southwest Carrot
: West Rutland Soil
Route 100 Westfield, Vermont Milk

Surface water
Sediment

‘Surface water
Sediment




TABLE 2-1 (continued)

Media

Site Location Relative to MWC ' Sampled

Junction of 0.42 south-southeast b | Surface water (9)
East and Sediment

Otter Creeks :

Otter Creek 2 km west, downstream , Surface water (10)
at Rutland of the Rutland Waste Sediment
Town/City Water Treatment Plant (RWTP) '

Line '

Otter Creek 2 km west, downstream of ‘ Surface‘water'(ll)
at Junction both the Rutland City. - - Sediment

of Routes 3 and RWTP . : :

and 4

*site location on the map is indicated by number in parenthesms.
Sites not located on the map are not numbered.



media. Figure 2-2 displaysitheTtime periods when the ambient air
‘and environmental media samples were collected.

“2;2;1;““am$iéﬁt Air'Sampling:' fhe“selection ofvsites'for ambient
“aitr -was based on air dispersion modellng ‘as discussed in Sectlon
2.1. Since the same sample. collection method ‘could not be used for
"all selected. pollutants, four * d1fferent technlques were: used.
' Standard mass flow Total Suspended Partlculate (TSP) hlgh—volume
(Hl—Vol) samplers ‘were used to collect samples ior the later'
determination of mutagen1c1tyvof the total suspended partlcles in

the air. The PS-1 PUF samplers, detailed in CompendLum of Methods

for the Determ1nat1on of Tox1c Orqanlc Compounds 1n Amblent Air

(U.s. EPA; l9é4a), were used for‘ the determlnatlon of total
l (suspended - and vapor phase) PCDD/PCDFs, total PCBs and the
mutagenic activity in air. The inhalable arsenic, beryllium,
cadmium, chromium, lead, nickel, silver and B[a]P in the air were
collected by PM-10 critical—flou Hi-Vol samplers. Ambient air
samples for mercury were collected by low volume vacuum samplers
with controlled mass flow.. The mercury samples were collected only
at the SILAMS site because the sampler required a controlled
environment (Vermont Air Pollution Control;Division, Agency of
Natural Resources, 1987b) .

Each ambient air monitoring site was equipped with at least

two General Metal Works PS-1 samplers, one standard mass flow Total

Suspended Particulate (TSP) Hi-Vol sampler and one Wedding PM-10
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critical flow Hi-Vol sampler. Two ambient air monitoring stations
were designed as co-loéated sites for‘qualiﬁy:éssurance purposes
(Vermont Air Pollution ' Control Division, Agency ‘of Naturél
Resources, 1987b). A co—located‘site isva monitoring'site equippéd
with 2 of the same samplers éo that'duplicafe saﬁples éan be
collected and the overall precision of the sample collectors can
be evaluated. The SLAMS was the co-located site for the TSP and
PM-10 samplers (i.e., the Site'has 2 TSP énd'Z PM?lQ sémplers).
The Watkins Avenue site was the co-located siteffor the PS-1 PUF
sampier. Table 2-2 lists the air sampling equipﬁent lpcated at
each site. ,

The PS-1, the TSP Hi-vc;:l, and the 'PM-i»o_Hi:—vQ,l‘ samplers were
run for one 24-hour period evéry 12 days; this frequency ﬁroduéés
~150 air sampies annually féf eéch metal,_B[a]P} PCDD/PCDFs, PCBs
and mutagenicity analysis (a total of 1400'samplas per Year).
Sample collection océurred‘during the same 24-hour intervaleor
each monitor. and site. v'No‘ambient air samples’ wéfe.colleétéd
befofe the start of the MWC in NoVémbef 1987; thé first samples

-

were collected in November 1987.

2.2.2. MetéoroiégicvInformatién. A Wihd speed,.Wiﬂd'direction,
temperature, relative huﬁidity and solar radiation‘ were
continuously mbnitored and recorded at three sites, the SLAMS,:
River Street and Watkiné Avenue, using Climatronics. Electronic

Weather stations. Additionally, the SLAMS collected rainfall




TABLE 2-2 . ., . . .

] Wt

Equipment at the Ambient. Air Monltorlng Sltes 1n Rutland, Vermont

Site Co-located Equipment — ﬁqﬁipmentmbx~

13

SLAMS TSP and PM-10 . i e .2 PS- 1‘?UF \
2 TSP

At f ‘,,2 PM-'lo IR S LR R

‘vApcp 19
;. Low volume

vacuum®

T

Watkins  PS-1 PUF samplers coo T Ty pg=1 PUF
Avenue : A . © i e w . ... 1 TSP
' S ‘ - 1 PM-10"
,VAPQD,#ZJVU

‘‘‘‘‘

Route 4 Not a co-located site | 2 PS-1 PUF .
L ' "1 TSP ‘
BIREN s ;':‘1,11,‘, 1 PM'lO _—
River Not a-co-located site . ..2.PS—~1 PUF .
Street : 1 'TsP
= .. .1 PM-10
‘ vaPcD #3f

ps-1 PUF samplers collected samples for PCDD/PCDFs,, PCBs and. .
mutagenic activity.

bTSP samplers collected particulates”for the mﬁﬁaéehicity\bioeééay}

°PM-10 samplers collected B[a]P arsenlc, berylllum, cadmlum, chromlum,
lead, nickel and silver. T e B e - e

dyaPcD #1 collected meteorologic information: wind speed and direction
at 10 meters elevation, temperature,‘ralnfall intensity, relative
humidity, atmospheric pressure and.solar radiation.. R

°Low-volume vacuum sampler with a. mass flow’ controller collected.
air samples for mercury analysis.

fyapcD #2 and #3 collected meteorologic information: wind speed, wind
direction (at 2.5 meters elevation), and temperature.



intensity and atmospheric pressure. - The SLAMS began measuring
these parameters foruthisfstudy on'ootober 5, 1987. The Watkins
Avenue and River Street sites began monitoriné on January 1, 1988
and May ‘19‘, 1988, respectively. A totalwof twenty mohths from the
SLAMS, ten months from Watkims 'Ave'nue site (November - 1988 is
unavailable), and sixteen months of data from the River Street site
are curreutly available. ‘The measuremeht principles used for each
of the meteorologlc parameters are discussed below (Vermont A1r
Pollutlon Control pivision, Agency of Natural Resources, 1987b) .

Wind speed‘was measured u51ng a three-cup anemometer.’ The
rotation of tﬁe cup was converted into.an electricalfsignal’by a
phototransistor and light source. fhe frequency of the electrical
signal produced was proportlonal to the wind speed. The signal was
amplified and transmitted to'a translator for convers1on into a DC
voltage.

A vane was used to determine the wind direction. The position
of the.vane was converted to an electr}oai signal: by a 1omstorque
potentiometer"and.‘then sent to »a translatoru The translator
converted the signal to a DC voitage output. | | .

) Temperature was determlned by a thermlstor network. As the
temperature of the thermlstor changed, the resistance of the
network changed. The change that occurred in the network was then
_'converted to a DC voltage output. 7' |

Relatlve . humldlty_‘ sensors. ,deteoted moisture - by the

hydromechaﬁicai stress of small cellulose crystallite structures




acting on a pair of thermally-matched silicon strain gauges
connected by a half wheatstone bridge. The strain gauges converted
the strain into electrical signals that were amplified by the
translator into an electrical voltage analog of the relative
humidity.

The relative humidity énd temperature sensors were housed. in
a mechanically éspirated radiation shield to reduce error caused
by solar heating. Ambient air was drawn across the sensors by an
electric fan. The exterior housing of the shield was painted white'
to reflect radiation. The shield was mounted horizontally with the
air intake facing north to eliminate solar heatingrduring sémpling.

The solar radiation sensor was a temperature compensated
silicon photbvoltaic cell mounted under a pyrex dome. The signal-
from the cell was proportional to the intensity of sunlight
striking it. The radiation translator converted the output of the

cell to a DC voltage.

2.2.3. Ambient Air Analyses. Four analytical techniques were used
to quantify the concentration of the pollutants in collected
ambient air samples: neutron activation, inductively coupled
plasma emission spectrometry, thin-layer chromatography and high

resolution gas chromatography-high resolution mass spectrometry.

Particulates were examined for mutagenic activity by the reverse




mutation assay (Marén and Ames, 1983). Table 2-3 summarizes each
method and thellaboratories that conducted the analysis. Details
about the methods used for eaéh pollutant are described below.
Arsenic and chromium were analyzed as total metéls by neﬁtron
activation analysis (NAA).using'the‘procedure described in Sﬁandafd

ODeratinq‘Proégdure for NAA Determination of Trace Elements in

Suspended Particulate Matter Collected on.Glass-Fiber Filters (U.s.

EPA, 1984b). Two ciréles were removed from each glass-fiber filter
and irradiated by neutrons. A gamma-ray spectrum of the irradiated
material was obtained:by a high-resolqtion large volume germanium
detector. The spectral data were compared tb spectral daté of
known standards for quantification. - A blind replicate, éolutions
of four working standards, a quality control standard and fifteen
samples comﬁriséd @ group of samples irradiated and analyzed.
together. |

Beryllium, cadmium, 1lead and nickel were analyzed by
Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES)
(U.S; EPA 1983a). Metals collected on the glass-fiber filter
were dlssolved in a mlxture of nitric and hydrochLorlc acid by
ultrasonlcatlon and centrlfugatlon. The metal concentratlons were
. determined after dilution of the'sample into the concentration
range of the ICP-AES. Wofking standards, dilutions‘af[the'working
standards, quallty control solutlons (high and IOW'concentratlons),

and fllter and reagent (acida matrix) blanks were analyzed for

quality assurance purposes.

%)
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TABLE 2-3

Ambient Air Analysis AnalyticallPrdcedure and Laboratbryv

Pollutant Analytical Method Laboratory Reference
Arsenic NAA® EPA-ORD/OMMSQA® (U.S. EPA, .1984b)
Beryllium ICP-AES® EPA-ORD/OMMSQA - (U.S. EPA, 1983a)
Cadmiun ICP-AES 'EPA-ORD/OMMSQA (U.S. EPA, - 1983a)
Chromium NAA EPA-ORD/OMMSQA (U.S. EPA, 1984b)
Lead ICP-AES EPA-ORD/OMMSQA (U.S. EPA, 19833)
Mercury Pyrolyzer- g , . |
dosimeter VAPCD (Spittler, 1973)
Nickel ICP-AES EPA-ORD/OMMSQA (U.S. EPA, -1983a)
Bl[a]P TLC®~fluorescence  EPA-ORD/OMMSQA (U.S. EPA, 1986b)
PCDD/PCDF Preparation . EPA-OPP/ECL ’
HRGC-HRMS® EPA-ORD/OMMSQA (Harless and .
' McDaniel, 1988)
PCB Ge-EcD" EPA-ORD/OMMSQA (U.S. EPA, 1984a)
Mutagenic Reverse mutation EPA—ORD/OERi (Maren and Anes,
activity .
(from TSP
and PUF)

*Neutron activation analysis

Office of Modellng, Monitoring Systems and Quality Assurance,
U.S. EPA Office of Research and Development
Inductively coupled plasma—atomlc emission spectrometry
ermont Air Pollution Control Division .

‘?hin-layer chromatography

Environmental Chemistry Laboratory, U.S. EPA Offlce of Pest1c1des and .
Toxic Substances

SHigh resolution gas chromatography—hlgh resolution mass spectrometry
Gas chromatography with electron capture detection

Office of Health Research, U.S. EPA Office of Research and Development
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Mercury was to bé analyzed using the methods described in "A
System fdr Collection and Measurement of Elemental and Total
Mercufy'in}Ambient Air over a COncentfation~Range of 0.004 to 25
ug/mh' (Spittler, 1973). Héwever, because of quality assurance -
problems, mercury concentrations were not reported (Fitzgerald,
1990) . |

Benzo[a]pyrene samples &ére"énalyzed according to the

procedure described in Standard Operating Procedure for Ultrasonic

Extraction and Analysis of Residual Benzo (a)pyrene fr&m Hi;Vol
Filters via Thin-lLayer Chromatdgraphy (U.S. EPA, 1986b). A portion
of the glass-fiber filter was immerséd in cyclohexane and sénicated
to extract the B[a]P. An aliquot was spotted on a ‘thin-layer
chromatography plate and developed in an ethanol/methYlene chloride
éolvent mixture. Ultraviolet fluorescence spectrometry was used
for quantification. |

- PCBs in ambient air were analyzed using a modified version of

EPA Method TO4 detailed in Compendium of Methods for the

Determination of Toxic Orqénic‘COmbounds in Ambient Air (U.S. EPA,

1984a). The glass filters and PUF cartridges were subjected to
Soxhlet extraction;  each extract wés concentrated wusing the .
Kuderna-Danish techniques énd' cleaned-up with alumina column
chromatography. The PCBs were quahtified using gas chfomatography
with electron capture detection according to EPA Method 608 (U.S.
EPA, 1984a),'AThe system was calibrated using a 50:50 mixture of

Aroclors 1242 and 1260 for PCB‘identification and quantification.

a
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PCDD/PCDF collection and retention effiCiencyvof air samp}ers
were verified by a field spike. An 800 pg aligquot of the
analytical standard 1'7’012—1,2,3,4-TCDD was spiked onto the center
two-inch area of the fiberglass filter, directly above the PUF plug
on the field blank and all field sampling cartridges before
sampling. No significant loss of the 13C12-1,2,3,4-TCDD was
observed, indicating that volatilization loss of the PCDD/PCDF was
not significant during sample collection, transport or storage
(Harless and McDhaniel, 1988). |

: Sample preparation and analysis of PCDD/PCDF concentrations
were performed on "sets" of 12 samples consisting of nine test
samples, a method blank, field blank(s) and a laboratory method
spike. The filters and PUF plugs from each ambient air monitor
were combined prior to extraction. An aliquot of a spike solution
containing 1.0 ng each of C,,-labeled PCDD/PCDF internal standards
(described below) was spiked into éach sample iﬁmediately before
Soxhlet extraction for 16 hours with benzene. Cleanup éf extracts
was accomplished using an acid/base procedure and a micro-silica
gel column, and a micro-alumina column followed by a micro-carbon
column. An aligquot of a solution containing 0.5 ng 37C14—2,3,7,8—
TCDD was spiked into each extract prior:to final concentration to
60 pl for analysis. The extracts were fire sealed in glass tubes
and shipped to the U.S. EPA laboratory for analysis in a blind
manner, i.e., test samples and QA samples were not identified as

such.




All samplgs were analyzed using a'Finnigap MAT>311A and a
Finnigan MAT 90 HRMS system operating in the electron ionization
and multiple ion detectiohvmode at 8000—10060 mass resolution and
equipped with a 30m x 0.25 mm i.d. SE-54 fused silica capillary
column and a 60m x 0.24 i.d. SP-2331 fused silica capillary column.
The areas of exact masses of the_mpleculaf'ion:clusters of ybl4and
1?Cﬁ-—labeled and nonlabeled PCDDs and PCDFs and respective response
. factors were used for quantification purposes. The *c1,-2,3,7,8-
TCDD Was used to determine the method efficiency for 1'7’C172—labe1-ed

PCDD/PCDF internal standards.  Respective 13

Cu-labeled.PCDD/PCDF
internal ‘standards were used for quantification of respective
nonlabeled PCDDS. and PCDFs and for determination of the minimum
limits of detection (MLDs) with tw¢ﬂexceptions,;Bcﬁ—labeled HpCDD
was used for HpPCDF and QCQ—OCDD was used for OCDF. The Ci2—
labeled 1,2,3,4-TCDD was hsedv to determine PS-1 . .air sampler
collection and retention effidienCy. Total congener concentrations
and isomer-specific concentrations were reported in pg/n?.

The HRGC-HRMS - analytical criteria used for ccnfifmation of
PCDDs and PCDFs were: chlorine isotope ratios of molecular ions
(£15% of theoretical values, tetra - 0.77,‘penta - 1.55, hexa -~
1.24, hepta - 1.04, and octa - 0.89); simultaneous responses (+3
sec) for exact masses of J3Cu-labe1ed and nonlabeled 2,3,7,8

chlorine-substituted - congeners on a known isomer-specific

column(5); resolution of PCDDs and PCDFs on the SP-2331 isomer-

N
1
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specific column demonstrated and " confirmed using a standard
containing all tetra- through hexa- PCbD/PCDF isomers; anglysis
that confirms the absence of respective chlorinated -diphehyl
ethers; HRGC-HRMS peak matching analysis of exact masses if
necessary, and responses of nonlabeled PCDD/PCDF masseéﬂmust be
greater than 2.5 x area of the noise level.

The data from a "set" of 12 samples were evaluated using the .
analytical criteria and foliowihg' QA/QC »reQuirements: method
recovery efficiency for 13Cn—labeleci tetra-, penta- and hexa-CDDs
and CDFs, 50 to 120%, hepta- and octa-CDDs, 40-120%; satisfaction
of the analytical criteria described for PCDDs/PCDFs; accuracy and
precision achieved for laboratory method spike(s) at 0.5 pg/m’ to
2.0 pg/nF, +50%; and method blank and field blank free of
significant PCDD/PCDF ‘contamination at the MLDs . required for
generation of useful and meaningful ‘data, usually in the range of
0.03 to 0.3 pg/m§ to tetra-, penta- and hexa-CDDs and CDFs. The
analytical procedures and QA/QC used ih this study are fully
described elsewhere (Harless and McDaniel, 1988). ‘ ;

The samples collected between November 5, 1987 and Februaryb
9, 1988 were analyzed on the 311A HRMS system for 273,7,8-TCDD,ﬁ
2,3,7,8-TCDF and total tetra-, penta-, hexa-, hepta—\and octa—CDbs
and CDFs. The samples collected after February 9, 1988 were
analyzed on the more sensitive MAT 90 HRMS system for all 2,3,7,8=
chlorine substituted isomers and total tetra-, penta-, hexa-,

hepta—~ and octa-CDDs and CDFs.



TSP Hi-Vol and PUF filters were extracted with dichloromethane
?Williéhs et al., 1988). The resulting extract was concehtrated
by rbtary.vacuum evaporation and redissolved in a final volume of
10 ml.  Aliquots We:e subject to gravimetric analysis for
determination-bf extractable organic mass (EOM). Samples with
sufficient EOM were assayed for mutagenic activity using a reverse
mutation aséay (Maroh and Ames, 1983; U.S. EPA, 1987c) in
triplicate at a minimum of five doses with and without Aroclor-
induced rat liver metabolic activation (+S9 and -S9, respectively).
Solvent (DMSO) and positive controls (2-anthramine and 2-
nitrofluorene, with and without activation, respectively) were
tested éoncurrently with:each'aSSay. Statistical analysis of the
mutagenicity data was conducted according to " the method of
Bernstein et al. (1982). The slope values (revertanﬁs/ug) from the
dose-response analyses were converted to revertants/rﬁ of air to
reflect the concentrations of mutagens in the'ambieht air samples.

Chapter 3 briefly describes the results of the analyses.
Chapter 5 describes how these pollutant concentrations were
analyzed to determine the attribution of the MWC. Chapter‘s 6

through 9 present the results of the analyses.

2.2.4. Environmental Media Sampling. Results of dispersion

modeling of projected emissions from the Rutland MWC prior to

opération of the incinerator indicated that the greatest impact




from the MWC would lie within a 1-km:radius of the facility. Using
this dispersion modeling, general:locations for collecting water,
sediment, soil and agricultural~product5hwere‘identified‘(Table 2=~

1 and Figure 2-1) and were located within 6.5 km of the MWC. The .

VAPCD wasAresponsible for sampling, the coordination of handling

and shipping of all samples to the respective laboratories. ~In =

addition, the VAPCD compiled all related sample collection data and
results of chemical analysis. .

Table 2-4 outlines the schedule followed for sanmpling of
water, sediment, soil, food and forage throughout the project year
1987-1988. Water, sedlment soll and milk samples were taken twice
prior to full operation of the facility and once after the
combustor was operational. Potato and forage were sampled twioe}
and one carrot was sampled only once, before commencement of MWC
operation. Procedures for collection of samples in the varioos
environmental compartments -are described in sections 2.2.4.1 -

2.2.4.3.

2.2.4.1. 8urface Water and Sedlments. For water and sediment
sample analyses, a total of flfteen samples, five per sampllng7

round, were collected and a representatlve comp051te of the samples

was used (Vermont Air Pollutlon Control D1v1s1on, Agency of Natural«l

Resources, 1987b). ,Ten=samples were . taken before and five after
the initiation of MWC operations. One surface water sample per

site was collected with a water column sampler from the deepest
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TABLE 2-4

Sampling Distribution for Environmental Media

No. Sample'  No. Samplés

Media Pollutants , ' Periods® . - Per Period
Water . Metals® . : : 3 5
Sediments Metals - . . .3 A : 5
' PCDD/PCDF ’ 3 5
PCBs - : 3 AR 5
Soils Metals . 03 8
PCDD/PCDF 3 6
PCBs ‘ o 3 6
Milk ’ - Metals. . - | 3¢
o PCDD/PCDF 3 ' - 3°
PCBs e L3 : : 3¢
Produce Metals 2: 2
(Potato/ . PCDD/PCDF  ~ . .o L 2 L2
Carrot) PCBs ~2d 2
Forage ~ Metals | o d 2
: : PCDD/PCDF e 2d 2
PCBs co | 2¢ 2

“The sampling dates were mid-October 1987, éarly Névember 1987 and
- late June 1988. .

§Arsenic, beryllium, cadmium, chromium, lead, mercury, nickel and
silver !

‘Milk was sampled at Quarterlihé, Route 3 and Creek Road in mid-
October 1987, and at these three sites and Route 100 in November
1987 and June 1988. : '

Yproduce .and forage weré sampled in October 1987'and Noﬁeﬁberv1987.

Source: Vermont Air Pollution Control Division,.Agency10f.Natural Resources,
1987b ' ‘ ‘




part of the water. Sediment samples were collected along the
stream bank using a brass dredge (Vermont Air Pollution Control

Division, Agency of Natural Resources; 1987b) . .

2.2.4.2. Food and Forage. Four milk,_one carrot, one_potato
and two forage (grass hay) samples were collected for each sampling
round from various farﬁs in the area surrounding the facility.
Milk was sampled from bulk storage tanks at three different dairy
farms in the area surrounding the MWC. The carrot, forage, and
potatoes were collected directly ffom the field (Vermont Air
Pollution Control Division, Agency of Natural Resources, 1987b).
For use as a background sanmple, one miik sample was also collected
from a bulk storage tank in Westfield, Vermont, an area ~123 km.

away from the MWC with no obvious source of external pollution.

2.2.4.3. Soil. Four of the sampling’siteé were 1écatedr
within the area of expected makimum deposition (~1-km radius). Tﬂe
remaining sites were located af a distance >1 km. Systematic grid
sampling was used at all the sites to obtain a represeﬁtative
sample from the area. Grid samples weré collected and then
consolidated into one representative sample for each site. fSamples
were collected from 1-6 cm deep for unéisturbed soil and from>1—
15 cm deep for tilled soils:using'é thin-walled stainless steel
corer. Soil sampling proéedures followed érotocols specified‘in

U.S. EPA (1986c).



2.2.5. Environmental Media Analyses.‘ The water, sediment, soil,
food.and forage samples were analyzed by the State of Vermont usipg-
U.S. EPA standard operating procedureslfor;the appropriate matrix
and pollutant. » Internal guality control for extraction and
analysis of samples consisted of labofatory analysis pf field and
laboratory blanks (minimum of 10% of. total number of eamples
collected), duplicate or split samples (10% of total nﬁmber of
samples collected) and spiked samples (decided by the laboratory
performing(the anélysis). Spiked sahples analyzed along with
unspiked samples provided an estimate of accuracy and precision of
chemical analysis. ’TableAz—s lists the methods ofvahalysis for the
pollutants in the these media. | f
surface weter samples ﬁere prepared for,ahalysis by acidifying
with nitric acid, heating with hydrochloric acid, and filtering to
remove silicates and otﬁer insoluble materials. Soil, sediment and
agricultural samples were digested inrnitric acid and hydrogen
peroxide and refluxed wiﬁh either hydrochloric acid (beryllium,
cadmium, chromium, lead and nickel)vof nitric acid (arsenic).
Metal analyses in medium other than water were conducted using
‘either direct aspiration (flame) atomic absorption for cadmiunm,
chromium,rlead, mercury, nickel end silver or graphite furnace‘
technique for arsenic andlberyllium;, The graphite furnace was used

for all metals in water‘sampies (U.S. EPA, 1979; U.S. EPA, 1983Db).

N
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TABLE 2-5

Method of Analysis for Pollutants
in Environmental Media

Pollutant

. Analytical Method

Soil, Sediment, Food

.Water and Forage

Arsenic GFFAA® GFFAA
Beryllium GFFAA AP
Cadmium AA ’ AA
Chromium AA AA
Lead AA AA
Mercury AA° AR®
Nickel AA AA
PCB --d HRGC-HRMS®

—-d HRGC-HRMS

PCDD/PCDF

3
b

Graphite furnace atomic absorption spectrometry
Direct aspiration atomic absorptlon spectrometry
°Cold vapor technique

Pollutant concentration not measured in sample
°High resolution gas chromatography-high resolution mass spectrometry

B i



Levels of PCBs in solid- matrices (soil, sediment) were
determined. using ‘a modification qf  EPAxVMethdd 608 (U.S. EPA,
19§2b). The éamples'Wére'héﬁogeﬁizéa‘with sodium suifate, spiked
with 13C—_labeled surrogates.and Soxﬁlet extracted.with toluene. The
extracts were solvent exchanged with hexane, acid/base washed with
' concentrated sulfuric acid'éhd po£assimm hydfoxide and further
'purified using a heutral/aciq silica gel column. The resulting
determinatibn.

PCDD/PCDF and PCBs in milk were extracted ﬁsing the prbcédures
of Rappe et al. (1987a) by Midwest Rééeérch Institute under
contract to the State of Vermont. Each milk sample was initiaily
fortified.with Bc-labeled internal standards, then aqueous sodium
oxalate, ethanol and diethyl ether wereladdéa sequéntially. The‘
mixture Wés extracted with hexane and backfeéfracted'with water.
The resulting extract was slurried with acid silica gel and
decanted onto a neutral/acid silica gel column identical to that
used for the solid matrix Saﬁpigé.f Thefextfac£ Was*then carried
through the remaindef‘of the'?Iéan;ﬁp:aé désc?ibed,gbové'fbthhe
solidksample matrices. R : . e e

Priér to quantification, the PCB split extract was evaporated
and spiked with internal standards in.tridecane. The PCDD/PCDF
split extract wasvfurther cleaned using a neutral aluminarcolumn

and a carbopak C/Celite 545 column. The final PCDD/PCDF extract

was reduced and spiked with internal standards in tridecane.




High resolution gas chromatography—high resolution mass
spectrometry of the extracts was initially conducted in twé phases.
Mono~ through tri-substituted PCB isomers were determined on a
Finnigan MAT/Varian 311-A high resolution mass spectrometer using
a 60-m DB-5 fused silica capillary coiumn, then thé rémainingAPCB
isomers were determined using a Kratos MS50-TC mass spectrometer.
This two-phase technique was used for dnly_ the six samples
collected in 1987. The remaining 1987 samples were analyzed in one
phase using the Kratos MS50-TC mass spectrometer, whiéh was
sensitive for all PCB isomer levels. The PCB extract splits of
1988 were analyzed on a Kratos MS50-TC using 30-m DB-5 fused silica

capillary column. With both PCB and PCDD/PCDF analyses, method

blanks were used to determine accuracy. The method blank

determined the concentration of the pollutant .in the reagents,
glassware, and instrument used during the foretreatment of samples
prior to actual quantification.

Concentrations of all contaminants in soil, sediment, food and
forage samples (excluding milk) were calculated on a dry weight
basis. Metal concentrations in liquids were expressed as
weight/volume of sample. Concentrations of PCBs and PCDD/PCDFS in
milk were expressed as weight/weight of sample on a whole milk
basis. Chapter 4 describes how the measured pollutant
concentrations are used  in the determination of possible human
health effects. Chapter 11 presents the results of the exposure

assessment of the MWC.




3. MEASURED CONCENTRATIONS IN AMBIENT AIR

AND ENVIRONMENTAL MEDIA

The data collected in this study as described in Chapters 1
and 2 were analyzed by Several‘approaches.to determine if the
source of’thése pollutants could be the Rutland incinerator; The
first step. in ascertaining the source of the pollutants was a
-qualitative review/anélysis of the data, i.e., concentration of the
lpollutants in the ambient air and environmental media, receivéd
‘from the analytical laboratories. Several approaches for analyzing
the contribution of the incinerator to the meaéured levels of the
pollutants in both ambient air and éenvironmental media were then
undertaken and are described in Chapter 5.

This section presents the ambient air and environmental media
 monitoring data. The determination of +the ambient air
concentrations from . the éir dispersion‘modéiing of Rutland‘is
presented in Chapter 4. Chépter 5 describes the qualitative and
quantitative approaches used to discriminate the contribution of
the'incinerator‘to the concentrations measured iﬁ Rutland. The
approach comparing the measured‘concentrations (froh this section)
with thejmodeied'concentrations (from- Chapter 4) is described in

Chapter 5.

3.1. RESULTS OF MONITORED CONCENTRATIONS IN AMBIENT AIR
.- The ambient air samples were analyzed for arsenic, beryllium,

cadmium, chromium, 1lead, nickel, benzo[a]pyrene, PCBs, and

PCDD/PCDFs. The time periods during which sampleé for each of




these pollutants were collected varied slightly for several
reasons, including replacement of aﬁalytical equipment, inability
to detect any measurable pollutaht concgntrations, oxr Ehe lack of
precision in the analytical procedure. The time periods of the
samples and the detection limits for each pollutant are presented
in Table 3-1. For risk assessment purposes, all pollﬁtants except
PCDD/PCDF, the concentrations that are not detectable in the field
samples were assumed equal to the detection limit as determined by
the analytical laboratory. This - conservative éssumptionr was
applied since the sample concentration is known to be either less
than or equal to the specified detection limit. The assumptions
applied to the PCDD/PCDF field samples are described in Section
3.1.4."

Table 3-2 displays the vsites at whiqh: the‘.poliutant
concentrations were detectable. It should be noted-that poilutants
were not detectable at .any specific site for éadh‘day; the sites
varied. For example, on March 4, lead was detected at all four
sites, whereas B[a]P was detected at SLAMS; Beryllium and cadmium
were detected at Watkins Avenue, whereas chromium and arsenic were
detected at River Street and Route 4, respectiveiy. ‘The dates and
sites where all PCDD and PCDF congeners had detectable

concentrations are indicated witﬁ,"PCDD/PCDF".

3.1.1. Metal Concentrations. The concentrations of metals
measured ‘'in Rutland ambient air . were reported by the analyfical
laboratory as pg/m°, with the exception of beryllium that was

reported as ng/m> The analytical laboratory adjusted the filter

3=-2
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Occurrence of Detectable Pollutant Concentr

TABLE 3-2

ations in Ambiént Air

Watkins Ave.

River st.

Be Pb

SLAMS "Route 4
%11/05/87 oNa-
%11/17/87 -NA- Pb Pb BaP Pb
| ¥11/29/87 | Pb BaP Pb Be cd Pb
| *12/11/87 | Pb BaP 'Pb BaP Pb BaP Pb BaP
12/23/87 | Pb Ni BaP | Pb BaP ' Pb’ BaP Pb BaP
01/04/88 |Pb ‘As Pb Bb | oo .
%01/16/88 |Pb Ni BaP |Pb Ni BaP . |Pb BaP Pb BaP
PCDD/PCDF 2 0 :
*01/28/88 | Pb. BaP Pb BaP 'Pb. BaP Pb BaP
%02/09/88 | Pb BaP Pb BaP Pb BaP | pb BaP
*02/21/88 | Pb | '
%03/04/88 | Pb BaP Be cd Pb cr Pb- . |As Pb
PCDD/PCDF |
%03/16/88 | Pb As Pb
%03/28/88 | Pb BaP As Pb Pb -NA-
04/09/88 | Pb Pb Be Pb As Pb
%04/21/88 | Pb BaP Pb Pb Pb
PCDD/PCDF | PCDD/PCDF
%05/03/88 | Pb -NA- Pb Pb
%05/27/88 | Pb Pb Pb. Pb
%06/08/88 | Pb Pb ~NA-
%06/20/88 | Pb Pb Pb Pb
%07/14/88 | Pb As Pb Pb Pb
%07/26/88 | Pb Pb Pb Pb
%08/07/88 | Pb Pb Pb
*#08/19/88 | Pb Pb Pb Pb
08/31/88 | As Pb Pb {na
09/24/88 | Pb Pb Pb
10/06/88 | Pb BaP Pb Pb Pb
10/18/88 | Pb Pb Pb




TABLE 3-2 (continued)

*

SLAMS | Watkins Ave. | River St. Route 4
10/30/88 | Pb Pb ' Pb Pb
11/11/88 | Pb Pb
11/23/88 | Pb BaP Pb BaP - Pb BaP Pb BaP
5 PCDD/PCDF PCDD/PCDF
12/05/88. | Pb BaP Pb BaP 'Pb_BaP Pb BaP
' ' PCDD/PCDF ‘
12/17/88 | Pb BaP Pb BaP | Pb BaP 'Pb BaP
3 . | PCDD/PCDF | PCDD/PCDF
01/22/89 PCDD/PCDF PCDD/PCDF
02/03/89 | BaP BaP BaP
. : ‘ "PCDD/PCDF ,
| 02/15/89 | BaP_ BaP PCDD/PCDF PCDD/PCDF

= Combustor operating




concentration for the volume of the air sémple for each filter
(amount of air drawn through thé sampling apparatus) and also for
blanks. Minimal limits of detection (MLD) were repérted for each
metal, and the accuracy of the method was determinéd as described
by Harper et al. (1983). Samples without detectable concentrations
were assumed to have concentrations equal to the MLD fepqrted'by,
the analytical laboratory. |

As shown 1in Table 3-1, arsenic was measured above its.
detection limit of 0.0046-0.0047 pug/m’ in 7/98 samples. The
measured concentrations range@ from 0;0061—0.0080 ug/n?. One
sample above the detection limit was collected from SLAMS, four
from Watkins Avenue, and two froﬁ Route 4. The highest detected '
concentration was located at Route 4 and was collected during a
period when the incinerator was in operation. Berylliﬁnl was
measured above the detection 1limit of 0.2243 ng/m’® in 4/122
samples. The detectable concentrations ranged from 0.3361;0.4618
ng/m;. One of the %émples with a detectablé concéntration was
collected at Watkins Avenue, twovat River Street, and ohe at Route
4. The‘sample with the highest detectable concentration was
collected when the incinerator was operating.

Cadmium was measured  above its detection 1limit of 0.0009-
0.0014 pg/m® in only 2/122 samples. One sample with a
concentration of 0.0022 ug/nﬁ was collected at Watkins Avenue when
the incinerator was operating. The ' other sample, with a
concentration of 0.0013 ug/n?, was collected at Route 4 when the

incinerator was operating.



Chromium was measured above its detection limit: of 0.0065-
0.0069 pg/nﬁ in only 1/98 samples. 1fhis sample was collected from
River Street when the indinerator was operating; the concentration
‘was 0.0113 Mg/nﬁ}

Tead was measured above its detection limit of 0.0061 ug/nﬁ in
108/122 samples. All samples at SLAMS were above the detectiéﬁ
1limit with a concentration range of 0.0084-0.0958 ,ug/ms. The
sample with the highest concentration was collected when the
incinerator was not operating. At Watkins Avenue, all but six
samples were above the detection limit. The concentrations ranged
from 0.0070-0.0529 ug/n?. At River Street, all but six samples were
aboyev the detection 1limit and the concentrations: ranged from
1 0.0072-0.0438 ugjn?. At Route 4, all But two samples were above
the detection limit Qith concéntrations ranging from 0.0070-0.0450
Mg/HP- -For Wafkins Avenue, -River Street and Route 4, the samples
with the highest concentrations were all collected on the same day,
January 16, 1988, when the incinerator was operating.-

‘Nickél was detected above its detection 1limit of 0.0038-
0.0077'ug/nF in only 3/122 samples. The concentrafions ranged from
0.0086-0;0696 pg/m>. Two samples above the detection limit were
collected at SLAMS and one was collected at Watkins Avenue. The
sample with the highest concentration was céllectedAat SLAMS when
the incinerator was not operating.

Samples for -mercury ﬂanalysis were collected at SLAMS.

However, precision of the collected samples was unacceptable (i.e.,




the QA objectives were not met) and, while the problem was not
resolved, the mass flow controllers Were suspeétéd of being the

source (Fitzgerald, 1990).

3.1.2. Benzo[a]pyrene. The .concentrations of benzo[a]pyrene
measured in Rutland ambient air were reported by the analytical
laboratory as ng/m™* The analytical laboratory adjusted the filter
concentration for the volume of the.air sample and also for blahks.
The minimal limits of detection (MLD) was reported and samples
without detectablel concentrations were' assunmed to have
concentrations equal to the MLD reported by the analytical
laboratory.

Benzo[a]pyrene was detected above its detection 1limit of
0.3348 ng/m3 in 43/131 samples.- Theée concentrations,:however,
may not reflect the total B[a]P concentratlons due to losses (of
10-90%) 1ncurred by the sampllng method for collectlnq polycycllc'
aromatic hydrocarbons in suspended particulate matter (Peters and
Seifert, 1980) . The concentrations ranged from 0.3755-6.391 ng/m>,
and samples with qoncentrations above the detection limit were
evenly distributed among the four sites. The sample with the
highest concentration was collected at SLAMS when the incinerator
was not operating. B[a]P was deteéted at all four sites with the
highest detectable ‘levels in January- March 1988 and October 1988-
February 1989, which may have occurred due to increased wood and

fossil fuel burning. The levels of B[a]P during March-September



1988 were either nondetectable or near ‘the detection limit. The
‘increase in B[a]P levels during winter months and the decrease

during the summer months indicate a seasonal‘fluctuationQ{

‘3;1u3.=*PCB COncéntraﬁibns.f Total  PCB concentrations werée adjusted
by the volume of the’éir%Samplerfor each filper and reported as
hg/msg "No PCBs were measured above the déteétion'limitvin any
samples collected.: The detectioﬁviimits generally ranged from 0.7 -
to 0.8 ng/nﬁ;*“However}ftwo5samp1es deviatéd’frcmﬂﬁhis range‘ﬁith
.detection limits of 12.10 and~1:13ing/m{ These two detection
1limits are high becausé'the'samples<had low total air'flOW drawn
through the sampling cartridge. Detecﬁion linmits were derived by
dividing the total amount of PCB measured in each cartridge (<3 ug
for'alf’cartridgeS) by the total air flow. .Therefore,”samples with
" low air  flow had higher ‘thar average detection limits‘(Sandef}

1989). . °

3.1.4.- PCDD/PCDF. ‘Field blanks and field samples were collected
at the monitoring sites as described in Chapter 2 and analyzéd for
‘PCDD/PCDFs.‘ﬁEach"field'blank consisted of a Cartridge and PUF,
‘which ' were taken»into‘the*field;fplaced in_the-equipment,'aﬁdV
‘handled in the same manner.és?théwfield samples withoufthaving«gir
" drawn through! (Vermont Air ‘Pollution Control‘Divisibn;uAgency'of'
Natural:ReSources,41987b)$»tThe concentrations  detected 'in the
field blankS»représented contamination from samplingrahd'analytical
techniques. The field samples were assumed to have the same level

of contamination as the field blanks.




PUFs from two vendors, Supelco and GMW, were used in the study
(Harless, 1989). As the study progressed, concentrations of
several TCDF isomers, including'2,3,7,8—TCDF, began to be routinely
detected in field blanks and samples that had beeﬁ collected wiﬁh‘
the Supelco PUFs. These isomers were not detected in GMWjPﬁF
filters or method blanks. Comprehensive HRGC-HRMS analyses
performed on 60 m SP-2331 andﬁ 50 m DB-5 Dioxin fused silica
capillary columns suggested that these TCDF isomers may have been
adsorbed from material used to paékage the PUF. Howé&er, thiévﬁéé
not confirmed, and the source of the isomers was never conclusively
identified.  Since the distribution of TCDF isomers was
recognizable in the sampleé and.field bianks éollected with Supelco
PUF, corrections were made by tﬁe analytical laboratory by
subtracting the concentrations detected in the respective field
blanks from those detected ,in the field samples.

In addition to TCDFs being detected in samples using the
Supelco PUF, low levels of Hpcst and OCDD invthe range of 0.1 to
0.3 pg/n? were consistently detected in method blanks, field blanks
and samples throughout the study, regardless of the type of PﬁF
used during sampling. The elevated levels of HpCDD and OCDD were
due' to contamination from reagents, glasswﬁre and analytical
procedures. No corrections for HpCDD% or OCDD were made to sample
data by the analytical laboratory because there were no significaﬁt
differences in the minimum limits of detection. | |

Quantification of PCDDé/PCDFs in samples cbllected prior to

February 9, 1988 was performed on a 311A HRGC;HRMS system. Results

were reported for 2,3,7,8fTCDD,‘2J3,7,8fTCDF and total tetra-,




penta-, hexa-, hepta-, and octa-CDDs)CDFs. Quanfification. of
PCDDs/PCDFs in samplesr collected after- February 9, 1988 Were
performed cn a more sensitive‘MAT 90 HRGC-HRMS sysrem (See Sectibn
2.2.3). Results Qere reported for total congener.and all 2,3,7,8-
chlorine substituted isomers. The analytical labcratery reported
the concentrations as pg/m ambient air. - | | |

Watklns Avenue was the co-located site for the PCDD/PCDF
sampllng. Concentrations for the duplicate samples were averaged
for reporting of sample concentratlons for a partlcular day.
Figure 3-1 displays the prec1s1on achieved by the sampllng and
analytical methods for the 'data from January 16, 1988. ~ The
precision achieved throughout the study was very good except in a
few cases where the concentrations were ve£§ low.

For the purposes of 'the"huﬁan ﬁnealth eraldation; the
concentrations reported by the analytical laboratory'were further
adjusted so that the TEF,approach'(described below) could be
applied. Figure 3-2 shows the decision tree ﬁséd’ for these
'adjustments. kIf the'concentrations of the total ccngener and
2,3,7,8~isomer were detectable, the lnon-2,3,7,8—iSomeric
concentration- for the zspecific congener was determined by
subtracting the adjusted12,3,7,8—isomer concentraticn from the
adjusted total ccngenerb concentraficn. chever,v if the
COncenfrations ‘of 2,3,7,8—isonerr were nondetectaﬁle, certain‘
asSumptions'were applied to. the totalVCOngener concentration so
that the 2,3,7,8-isomer portion couid be estimated. For example,

if the 2,3,7,8-TCDD concentration emitted from the incinerator is

~5% of the total emitted TCDD concentration, a proportionality
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Muttiply total congener .
by proportion factor Areall - e
= 2378 - 2378 for . ‘ Multiply congener
) awﬁgu;m‘ gpmermaﬁon by
congener L proportion = total
detectable? 23,7.8-
Yes
‘sum237.8 for - -
particular congener
=total 2,3,7,8-
Subtract total 2,3,7,8-
from total congener |
| concentration =
| non-2,3,7,8- T
Use TEF method
.Figure 3-2. Approaches Used for Estimating 2,3,7,8-TCDD

Equivalent Concentrations. (See Section 3.1.4.)
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constant of 0.05 was used to estimate the concentration of 2,3,7,8-
TCDD in that air sample. The 2,3,7,8-isomeric concentration can

be computed as followé:

Total Conc. X ‘Proportionality 2,3,7,8-conc. for

of congener Constant that specific congener
Equation (3-1)

The proportionality factors,usgd in tﬁis study were obtained
from two sources: the Rutland ambient air data and the interim
TEF method of U.S. EPA (1989). The values for the concentration
ratios of 2,3,7,8-substituted isomers to total homologue for the
PCDF series were obtained from the mean values of the detectable
field sample concentrations collected from Watkins Avenue (1/16/88,
12/05/88, 12/17/88, 1/22/89), River Street (12/05/89) and SLAMS
(12/17/89). These data were the only samples collecfed during.the
study period that contained detectable isomer-specific PCDD/PCDF
concentrations. The proportionality of the 2,3,7,8-substituted
isomers in these samples is assumed to be representative of Rutland
ambient air. The proportionality factors that were estimaﬁed from
these data for PCDDs and PCDFs are listed in Table 3-3.

For the PCDD/PCDF samples collected after February 9, 1988,
eaéh 2,3,7,8-isomer was analytically separated and quantified so
that the total 2,3,7,8-isomeric concentrations could be computed.

If the 2,3,7,8-isomeric concentrations for a pérticular congener

were all detectable, the concentrations were summed to equal the




TABLE 3-3

Proportionality‘Factors for PCDD/PCDF Derived from
Rutland, Vermont Ambient Air Data :

Proportionality Factor + SD

PCDD ; L A . '
2,3,7,8-TCDD/Total TCDD 0.05 * 0.05
2,3,7,8-PeCDD/Total PeCDD o 0.06 * 0.01
2,3,7,8-HXCDD/Total HxCDD 0.18 * 0.01
2,3,7;8—HpCDD/Tota1 HpCDD ~ 0.51 % 0.05

PCDF : o
2,3,7,8- TCDF/Total TCDF ' _ 0.04 + 0.03
2,3,7,8-PeCDF/Total PeCDF 0.13 * 0.03

1,2,3,7,8-PeCDF/Total PeCDF 0.06 + 0.01
2,3,4,7,8-PeCDF/Total PeCDF 0.07 + 0.01
2,3,7,8-HxCDF/Total HxCDF 10.36 * 0.04
2,3,7,8 + 0.11

HpCDF/Total HpCDF - 0.68

Proportlonallty' factor ‘derived from Rutland ambient air data,
i.e., derived from 6 samples wherein all isomers were detectable.




total 2,3,7,8-isomer concentration. | HoweVer, if any of the
2,3,7,8-isomers were not detectable, then the proportionality
factors were applied as described in Equation 3-1. The product of
the proportionality factor and total congener concentration should
be 1less than or equal to the sum of" thé 2L3,7}8—isomeric“
concentrations. If this producﬁ was greater than the sum of the -
2,3,7,8~isomers, then this sum was used since in this case the
product would have overestimated the total;concentration.

Once the total 2,3,7,8-isomeric concentration was compufed,
the non-2,3,7,8-isomeric concentration for each congener was

calculated by:

Total congener - 2,3,7,8-isomeric = non-2,3,7,8-~isomeric
conc. conc. conc.

Equation (3-2)

This computed concentration’ was theh multiplied by the
appropriate TEF to estimate’ the 2,3,7,8-TCDD equivalent
concentration for all samples_according to Equation 3-3. |

The PCDD/PCDF isomers and congeners have different toxicities
depending primarily on the positions of the chlorine substitution
(U.S. EPA, 1989). In general, substitution at the 2,3,7,8-
positions gives rise. to greatéf potency. Thﬁs, to relate thev
different isomeric and céngener concentrations of the samples,‘thé,

isomeric and congener concentrations were converted to 2,3,7}84

TCDD equivalent concentrations by using the toxic equivalency




factors (TEFs). The TEFs relate the potency of the dlfferent
congeners to the potency of 2 3 7,8-TCDD, the most potent congener.
The TEFs of the congeners are presented in Table 3-4.

The concentratlons of PCDD/PCDF congeners were converted to
a total 2,3,7,8-TCDD equlvalent concentration by applylng

.1nd1v1dual TEFs accordlng to the follow1ng equat:on (U.S. EPA,

1989):
2,3,7,8-TCDD = 3Z(TEF x conc. of . +. S(TEF x conc. of -each
‘equivalent’ " each 2,3,7,8-CDD/CDF .non-2,3,7,8-CDD/CDF

conc. o congener) r congener)

‘Equation "(3-3)

Once the 2,3,7,8-TCDD equlvalent concentratlon was estlmated
for each sample, the 2 3, 7 8-TCDD equlvalent concentratlons were
‘compared.w1th the modeled concentratlons us1ng the same statlstlcal;
tests as described above. ‘
| Total 2,3,7,8-TCDD equivalent concentratlon" in kutland‘
measured ambient air samples ranged from 0 011 to 5. 39 pg/m.
Table 3-5 shows these concentratlons. The hlghest concentratlonsy
were measured during’the time whenlthe MWC was shut-down. The
highest detected 2, 3 7, 8-TCDD equivalent concentratlon of 5.39
pg/m was. measured in January 1989 after the MWC was shut-down.“
The fluctuatlon in - the PCDD/PCDF concentratlons and the hlgh
concentratlons during the shut- down perlod 1ndlcate input from
other sources (such as automobiles Qr wood burning) or=meteorolegic

changes (i.e., temperature inversien). The data in Table 3-5 also




TABLE 3-4

Toxic Equivalency Factors (TEFs) of the'Congeners
of PCDD/PCDF )

Isomer* " . TEF

PCDDs

: 2,3,7,8,-TCDD 1.0
All other TCDDs 0
2,3,7,8-substituted PeCDD 0.5
All other PeCDDs 0
2,3,7,8-substituted HxCDD 0.1
All other HxCDDs 0
2,3,7,8-substituted HpCDD 0.01
All other HpCDDs 0
OCDD 0.001

PCDFs

2,3,7,8-TCDF T 0.1 .
Al)l other TCDFs 0.001
1,2,3,7,8-PeCDF ’ 0.05
2,3,4,7,8-PeCDF ’ 0.5
All other PeCDFs - 0
2,3,7,8- substltuted HxXCDF . 0.1
All other HxCDFs ‘ 0
2,3,7,8-substituted HpCDF 0.01
All other HpCDFs 0]
OCDF 0.001

* The symbols T, Pe, Hx, Hp, and O are abbreviations for tetra-
penta-, hexa— hepta-, and octa-, respectlvely '

Source: U.S. EPA, 1989




TABLE 3 5
2 3 7, 8—TCDD Equlvalent Concentratlons (pg/m)
“in Rutland Vermont

Monitoring Site

SLAMS Watkins River St. Rte. 4

Date ) Duplicate Samples
11/05/87  0.02 0.02 0.02 0.02 - 0.02
. 11/17/87 . 0.02 0.03 0.02 0.02 0.02
11/29/87 0.03 0.02 -~ 0.02 0.02 . 0.02
12/11/87 ©.0.14 0.04 0.03 0.04 0.03
12/23/87 . '0.06 0.04 0.04 " 0.03 0.03.
01/04/88 ° 0.03 - 0.03" 0.03 0.17 0.02
01/16/88 . 0.84 1.31. . 1.04 ° °  0.96. - 0.16
02/09/88 T 0.61 0.39  ° 0.29. 0.04 - 0.03
02/21/88 .. 0.04 0.06 . 0.03 .0.04 0.05
03/04/88 ' 0.02 0.04 '0.07 o 0.220 0.07
03/16/88 . 0.02 0.06 0.08 . 70.05 0.02
03/28/88 ' 0.06 0.05 0.06 . 0.04 0.01
04/21/88 0.07 0.06 0.06 © 0:09 0.07
05/03/88 . 0.04 0.10 0.08 0.06 0.02
05/27/88 .. .0.03 0.05 0.04 : 0.03 0.04
06/20/88 . 0.03 0.04 0.07 -~ . 0.03 0.02
07/26/88  0.04 0.02 0.02 0.03 ©0.02
08/07/88 .0.03 0.03 0.03 0.02 0.03
'08/31/88 0.03 0.02 . 0.04 . 0.03 0.03
09/24/88 . .0.04 0.03° 0.03 ©.0.03 . NA
10/06/88 .. 0.18 0.04 .. .0.03 0.06 0.02
10/18/88 0.04 0.02 © 0.01 . 0.02 0.04
10/30/88 . 0.02 0.02 0.02° 0.02° . . 0.02
11/11/88 "~ 0.01 0.01 ©0.01 0.03 0.01
11/23/88 .- 0.09 0.03 0.03 - 0.09 0.04
12/05/88 -~ 0.08 - ° °5.04 5,04 0.42 0.03
i2/17/88 ... 0.13.  ~  .0.15 . . 0.15 1 0.06 ~0.07
01/22/89 0.06 5.20 . 5.59 - 0.07 0.49
02/03/89 . 0.07 0.07 0.06 '0.06 0.05
02/15/89 0.07 0.07 - 0.09 0.11 0.08

NA = Sample concentration was not available.




indicate that atmospheric transport is a major mode for dispersal
of there compounds throughout the environment and provides.én
explanation for the routine detection of trace levels. . For.
example, high concentrations' of PCDDs/PCDFs on 01/16/88, 12/05/88
and 01/22/89 were rapidly dispgrsed in the atmosphere,‘andvonly
elevated béckground levels could be detected in tﬁe next sampling

periods on 02/09/88, 12/17/88 and 02/03/89.

3.2. ENVIRONMENTAL MEDIA S

Environmental media were sampled in areas surrounding the
Rutland MWC during the . project . period. Three rounds . of
environmentél sampling were conducted:»October and November 1987,
and June 1988. Water, sediment, soii and milk samples were
collected twice before and once after the incinerator began
operating. Potato and forage were sampled twice, and one carrot
was sampled prior to MWC operation. The sampling procedures have
been described in Section 2.2. Thé environmental media were
analyzed for the following pollutants:‘ arsenic, beryllium,
cadmium,chromium, lead, mercury, nickel, PCB (except water) and
PCDD/PCDF (except water). Table 2-5 shows the analytiéal methods
for these pollutants.Samples collected in 1987 prior to operation
of the Rutland MWC represent background levels for comparison with
those sanples taken during MWC operations., The primary objective
of sampling both before and during operation was to show  the
incremental increase of pollutant concentrations in environmental

media, if any, caused by emissions from the facility.




Concentrations of all contaminaﬁts were calculated on a dry
weight 'basié for soil, _sediment and agriquFural products
(excluding milk). Liquid concentrations of metaléiWere expressed -
-as_weight/VOlume of‘sample. qucentrations of PCBs and PCDD/PCDFs

in milk were expressed as weight of sample on a whole milk basis.

3.2.1. Metals. The metals concentrations were used in the
statistical comparisons as reported by the analytical laboratory
without any further corrections. The results ‘of-the monitored

concentrations are reported in Chapter’ll.

342.2. PCBs. Concentrations of PCBs were reported by the
‘analytical laboratory as individual congener concentrations. To
account for any contamination that occurred during the 1aboratofy
handling and analysis, the detectable method blank concentrafions
iWere subtracted from the respective field sample cqnceﬁtrations”
.This "adjusted" concentration represents the PCB concentration
_present in the environmental media. Foliowing correction of the
concentrations, the congener coﬁcenfrations for each sample were
summed to calculate the total PCB concentrationlfof each sample.
Statistical an;lees were performed with the 'ltotal PCB
vdoncehtration as described in Chaﬁter 11.
3.2.3. PCDD/PCDF. For thevPCDD/PCDFS/ the laboratory analysis
.provided the results for each 2,3f7,8—isomer and totél éongener of

each field sample and method blank. Samples were corrected for

possible analytical and handling contamination by the method blank - -




concentrations. The field samples were corrected for contémihétibh
by subtracting detectable method blank condéntrations'ffdﬁ the
corresponding isomer and tofal.congéher éoncentraﬁions in fﬂe fiéia
samples. If the method blank concentféﬁions were non—détééfébié;
they were assumed to be zero and no correction was nade gg“tﬁé-
isomer or total congener PCDD/PCDF condent£étioné in¢£ﬁghfiéi5
samples. If the method blank and sample were bo£h‘n6ﬁ;detédtaﬁié,
then the sample was set equal to the detection limit.: f% tﬁé
sample was non-detectable but thevmethéd‘biéhk‘waé?aétééfablé;“tﬁén
the method blank was subtracted from thé-sémple; whiChghadibeehxsét
equal to its detection limit to account for contamination due to
the analytical methodology. This procedure resulted in a
conservative estimate of the PCDD/PCDF isomer and total congener
concentrations, as the actual concentrations were less than or
equal to the detection limit.

For comparison between the sampling periods, the adjusted
concentrations were convefted to 2,3,7,8-TCDD 'equivaleﬁt
concentrations by using Equation 3-3. If the concentrations of
the total congener and 2,3,7,8-isomeric concentrations were
detectable, the‘non-2,3,7,8—isomeric'concentration for the specific
congener was determined by subtracting the adjusted 2,3,7,8-isomer
concentration from the adjusted total congener concentration. If
the concentrations of the 2,3,7,8-isomer(s) were nondeteétable,
they were assumed to be equal to the method detection limit.
However, if this' value exceeded that for the total conéener
concentration (e.g., when both the concentrations of the 2,3,7,8-

isomer and total congener were nbndetectablé, but with different




llmlts of detectlon), the concentratlon of the 2 3 7 8- 1somer(s)
was set equal to that of the total congener concentratlon. This
' would result in a non-z 3 7, 8 1somer concentratlon of zero.‘ For
'the PeCDFs, dlfferent TEFs for the 1 2,3, 7 8 and 2, 3 4 7,8~
1somers were used (U S. EPA 1989) Therefore, in cases where the
2, 3 7, 8-PeCDF concentratlons were nondetectable, but exceeded the
total PeCDF concentratlon, the concentratlon of the more potent of
the two, the 2,3, 4 7,8- 1somer, Was set equal to the total PeCDF

congener concentratlon and the 1,2,3, 7 8 1somer concentratlon was

.set at zero. Results are shqwnllp Chapterlll.




. . . w
3
. . » L. B L. . PR RN .
. P c . . . “a B S e e
. . B .o o 3 . s a g
P o . . ot .- o -
s s . . o .o .
PN L. .. . .
f . P . . »
8 i . o
. : . P . . .
. t . S, . &
. f ] : §
- - PR ey W . . L ey . .y . .
. - I P . PR PR
B - . . - e e P N
i . e . L . . B PR . PR . .
¢ S ' :
.
. 5 e .
. o B - . i . .
o . . . 7 .
> i ‘ L. EESES . — .
Lo - B Lo . . ¢ .
P




‘4. AIR DISPERSION MODELING

The Industr1a1 Source Complex Short-Term (ISC;T) model was
run to ;medlct the ground-level ambient air concentratlons of
pollutants in Rutland for the same days at which the amblent air
was sampled at the four monitoring sites. These predicted
concentrations -were 24-hour average embient'concentrations, and
were later compared Wlth the measured embient‘air concentrations
(also 24-hour concentrations). The comparison of the measured and
predicted ambient air concentrations was an approach to examining
the contribution of the MWC to the pollutants in Rutlend. This
comparison'is discussed in Chapter 5.

Prior te the modeling of the emiseions, the wind sﬁeed ahd
wind direction data that were collected at the monitoring sites
(i.e., SLAMS, River Stfeet,'and Watkins Avenue) were evaluated to
determine the more apprbﬁriate data to use for the modeling.

‘ This chapter describes the wind speed and wind direction data
collected at the three monitoring sites, the moaeling procedure and
parameters used to model the stack emissions from the Rutland MWC,
the uncertainty associated with the modeling results, and the ISCST

model results.

4.1. METEOROLOGIC RESULTS
Data were collected at the SIAMS, Watkins Avenue and River

Street sites. Twenty months of data were available from the SIAMS,

10 months of data were available from the Watkins Avenue site; and




16 months of data'were available from-the River Street site. The

meteorologic recording period for each site is as follows:

Site Start Date - Stop Date
SLAMS October 1987  August 1989
Watkins Avenue January 1988 . .October 1988

River Street May 1988 ’ August 1989

Data before October 1, 11987 were avallable for the SLAMS site
only. However, these data were flawed because no wind data were
recorded for the south to west quadrant (bearlngs >180°; due south,
to <270°, due west). Therefore, the data'collected before October
1, 1987 could not used for the air dlspers1on modellng. ‘

The SLAMS site  was 51tuated in a parklng 1ot in downtown
Rutland on a 10 meter tower 1300 meters northeast of ther
incinerator. The 51te was near offlce bulldlngs that may have had'
some effect on the recorded w1nd dlrectlon.w The Watklns Avenue
site was 250 meters north of the 1n01nerator,:3 meters above the
ground, and was near some trees that may have affected the w1nd
speed and possibly the w1nd dlrectlon. Any effect on the w1nd‘
speed and dlrectlon,would probably be m1n1mal in the w1nter months,
but is more pronounced in thevlate sprlng, summer and early fall
when leaves were on the trees, The River Street site anemometer
was 3 meters above ground in an athletlc fleld ~400 meters south

southeast of the incinerator and was probably unaffected by local

bulldlngs or trees.




Wlnd dlrectlon and speed were recorded electronlcally everyl
hour at each s1te, the data were transferred to the State of
Vermont computer. The w1nd dlrectlon data were collapsed 1nto the
16 wind direction sectors by comblnlng the exact wind directions
recorded at each s1te 1nto categorles of 22. 5° 1ntervals from 0°
to 337.5°. Speed data were collapsedllnto 6 classes°(0—1, 1.1-2,.
2.1-3, 3.1-4, 4.1-6, and >6 meters per second). These categories
were used ,59 that subtle dlfferences could Dbe detected.

requenc1es of detectlng hourly speed/dlrectlon comb;natlons were
then generated by countlng those data p01nts that had both
dlrectlon and speed data 51nce, for many hours, data were avallable
for only one of the two parameters. ‘ Each data set or polnt
represented both.a w1nd dlrectlon and a w1nd speed measurement.
The number of data polnts avallable for any one month Varled from
162 to 744 (672 data polnts are p0551b1e for a 28 day month 720
for a 30 day month and 744 for a 31 day month) » |

The w1nd speeds were grouped 1nto the follow1ng categorles-
data for each site by month, s1te total (all months)p monthly data‘
across all s1tes and all data. The. analys1s was performed in thlsu
way so that varlatlons 1n monthly w1nd patterns at each 51te and
between s1tes could be assessed and the change 1n overall patterns
made by comblnlng s1te data sets could be estlmated.

‘The data from,Rlver Street and SLAMS are graphlcally presented
1n Flgures 4 1 to 4- 11 as three—dlmen51ona1 bar graphs.' For all

graphs, the bars located in the back row (crlss Cross pattern) of

~ the graph represent the total w1nd71n each dlrectlon;»bars nearer .
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the front of the graph represent sequentially increasing wind
speed. All bars represent wind coming from the direction specified

on the X-axis.

4.1;1.l SLAMS site. - The dominant-wind directions (the five
A directions‘with the highest percentage-of data points) at the SLAMS
site were from the south'southwest (14%), north northeast (12%),
sonthwest (11%), north (10%), and west scuthwest (8%) (summarized
in Figure 4-4). Wind was almost totally absent in.vthe‘ east
northeast through'scuth southeast directions, which‘mabie'the
result of wind Channeling from‘bniidings located in the‘generai
area. The absence of wind in these dlrectlons is a contrast to the
data from the other sites. At the Watklns Avenue and Rlver Street
51tes, the percentage of -data p01nts was more even]y distributed
over the 16 wind directions. The yearly summary: of w1nd speed data
at the SLAMS 51te shows that 80/‘0f the time the w1nd Was < 2 m/sf

and only 2% of the time it was > 4 m/s.

‘4 1.2. Watkins Avenue 8ite. ‘> The dominant wind directions
for the Watkins Avenue site were west northwest (14/), northwest
(11%), northeast (10%), west (9%), and south southwest (6%)
(summarized in Figure 4-7). The yearly summary of wind speed data
shows that ~95% of the time the wind speed at Watkins Avenue was
< 2 m/s and only 0.1% of the time it was > 4 m/s. The much lower

wind speeds seen at the Watkins Avenue site, particularly during

the summer months, compared with the SLAMS site may be the result




of both the height of the recording station (3 m versus 10 m ‘at
SLAMS) and the close proximity of trees' (see Figures 4%2”éhd 4-

&

6 a e A + N i : T T N WY e s (LA Y
L 4

4.1.3. - ‘River sStreet Site. The dominant wind directions’at the’
River Street 'site were south southeast (12%),' Southeast (12%),
northwest (11%), west northwest (7%),“and south (7%) (summarized
in Figure 4-11). Wlnd direction data® for this s:.te were similar
to the Watkins-Avenue data for May,' but 'the ‘data were not similar
to either of the twd sSites for the remaining months.

The yearly summary of wind speed data at’ River Stieet shows
that 84% of the time wind was < 2 m/s ‘and 2% of the time it was
> 4 m/s. Wind speeds at the R:Lver :S‘{:r’e“e‘t ‘smi"tém were slower than at’

the SIAMS site (probably because" the’ anemometers are’ dlfferent

heights) although’ these data appear "to ‘be more’ ‘similar than are

the Watkins Avenue and th_e SLAMS 'data “for the’ ‘months Jun’e, July,‘v

4.1.4. Conclusion. Due to ‘the apparent variability in the wind
speeds measured at the Watkins Avenue site, these meteorologic data’
were not used for modeling. The. wind’ ‘speeds  appeared to be

affected by the surrounding barrier since they were slower during

the summer when there was foliage on the trees.




4.2. MODELING METHODOLOGY .
- Twenty-four hour average ambient air concentrations’ were
predicted for the Rutland area using the Industrial Source Complex

Short-Term (ISCST) model in the Urban 3 Mode (U:S. EPA, 1986a).

The Urban 3 Mode, an option.of the ISCST used to. describe the

surrounding topography, was selected because the. incinerator .was,

located in a rural area with complex terrain. , The model was run

for each date for which.there was adequate meteorologic data,

ambient air samples were collected, and the MWC was in operation.

- The output from each ISCST modeling run was a ground-level .ambient

‘qirvconcentpation‘atvdesignated‘redeptorsn ‘,AIhe;;SCSE WaS'run'
using both discrete and polar receptors. The discrete reqepto;§

correspdnde@,to'the:loqatiqgsspf the four monitoring sites by using

théir.Uniﬁer$al.T;apsveps% Mer¢at9;f(UIM) cpordinafgsﬂt The polar

receptors represented the intersects. of the 16.wind directions.

beginning with north and spaced every 22.5 degrees. along the polar
azimuth at distances of 0.2, 0;5, 1.0, 2.0, 5.0, 10 20, 30,.40 and
50 km from the MWC (for a total of 160 receptoré).r An emiésioﬁ
rate of 1.0 g/s Qaglpsedhéinqe fhg‘sﬁéck emissioq_ratés_ﬁeré_hot

available for each sampling day. .

[

The sourceipapaggters,rdesq;ibed,in‘Section:133,,cpns;sted‘pﬁa
general information.about the MWC,‘ Exhaust”frbm‘thg incinerator

was vented from a single stack, which was. 1.040 m in diameter and.

50.3 m high. The ekhéust gas exited at a temperature of 327.6 K

‘and a velocity of 15.24 m/s.




Hourly'meteorologic 1nputs requlred.by the ISCST 1ncluded.mean
wind speed, the direction to which the wind was blow1ng, amblent
air temperature, the Pasqu111 stablllty category, the mixing layer
height, the vertical potential temperature gradlent and the w1nd—
profile exponent. The only 1nput parameters avallable for Rutland'
were wind speed, wind direction and‘ambient air temperature. Cloud
cover information from Glens Falls, NY was used to predlct
stability categories because no such 1nformatlon was avallable for
Rutland. Glens Falls has the closest Natlonal Weather Serv1ce
Station and has 51milar topography to Rutland, both cities have
valleys oriented north-south. Hourly m1x1ng helght was not‘
available for Rutland, so mornlng and afternoon m1x1ng height data
were developed by the National Cllmatic Data Center based on
Albany, NY and Burllngton, vT data (U.s. Department of Commerce,
National Oceanic and Atmospheric Administration, 1990). - Since
hourly mixing heights and stability categories were not available,
the RAMMET preprocessor program was used to develop hourly mixing
heights and Pasqu111 stabllity caLegorles from the surface and‘
upper-air meteorologlc data. | |

Wind speed and wind directlon data were collected .at three
monitoring sites 1n Rutland (as dlscussed 1n Chapter 2): SLAMS |
River Street and Watkins Avenue. The ISCST was run us1ng the data
and anemometer heights for SLAMS and River Street. The data from
Watkins Avenue were not modeled because the w1nd speeds observed
during the summer months were much lower than that observed durlng

the other months.



The modellng results represent the ground—level amblent air
'concentratlons of the pollutants assumlng one unlt emission. These-
“concentratlons do 'not lrepresent “the actual iconcentratlons
attrlbutable to the MWC for each sampllng day because the actual
stack em1ss1on rates were not 1ncorporated 1nto the model these
'dally stack em1ss1on rates were not avallable. To determlne an
estlmate of the magnltude of the pollutant spe01f1c groundllevel
iamblent air concentratlons, the predlcted concentratlons at each
’receptor (assumlng 1 g/s) can be mu1t1p11ed by the measured stack
em1551on ‘rate of the pollutant that was measured durlng the stack
em1s51on testlng, whlch was requlred permlttlng However, these
pollutant—spec1flc concentratlons do not represent the actual dally
'concentratlons 51nce ‘thej da11y stack em1551ons were Vnot

incorporated.

4.2. l; stack:Emission Testingf:x Stack emission testlng of the
MWC was requlred under the Air Pollutlon Control Permlt for the
tate of Vermont (Agency of Env1ronmenta1 Conservatlon, State of
Vermont 1986) The emission concentratlon of each pollutant was
. sampled for four hours on three days in March 1988. Lead arsenic,
mercury, berylllum, cadmlum, chromlum and nlckel were collected on
a heat fllter and in a series of 1mp1ngers on March 2, 3 and 14 and
were analyzed by 1nduct1ve1y—coupled argon plasma spectroscopy and
atomlc absorptlon spectroscopy u51ng the proposed Methodology for

the Determlnatlon of Trace Metal Em1551ons 1n Exhdust Gases from

Stationary Source CombustionvProcesses (Lodi, 1988). PCDD/PCDF




stack samples were isokinetically coilected by the MM-5 Sémpling
Train method of the U.S. EPA (Lodi, 1988) on March 8, 9 and 10.
The PCDD/PCDF were trapped in a glass fiber filter and XAD-2 resin
of the sampling train and were analyzéd”using high resolution mass:
spectrometry (Lodi, 1988). Method blanks were also analyzed. The
concentrations of PCDD/PCDF in the thfee stack samples from the
incinerator are presented in Table 4-1.

Measured stack concentrations of each PCDD/PCDF isomer were
corrected by the respective blank concentrations. The corrected
concentrations were then converted into an overall 2,3,7,8-TCDD
equivalent concentration by the TEF method (U.S. EPA, 1989) using
the TEFs listed in Table 3-4. The 2,3,7,8-TCDD equiValent'emiséioh
rates from the Rutland municipal combustor stack for. the three
days were 5.22x107%, 6.78x10°%, and 9.16x10° g/s. The results of
the stack emission testing for all pollutants are shown in Table

4-2 -

4.3. PROBLEMS AND UNCERTAINTIES ASSOCIATED WITH THE MODELING
The goal of the modeling procedure was to predict the
concentrations at each monitoring site for each' sampling day
assuming one ﬁnit emission so that these concentrations could later
be used for the comparison of +the measured and predicted
concentrations., However, because of the lack of meteorologic data,

only thirteen of the sampling days were modeled using the data from

S1LAMS, and five days were modeled using River Street data.




" TABLE 4-1 7
PCDD/PCDF in Stack Emissions of Rutland Incinerator
‘ - - (ng) ‘ ‘ '

Sample Collection Run

Compound . ‘Run1 Run'2 - Run 3 -
2,3,7,8-TCDD 0.117 0.198 0.222
Other TCDD 4.403 7.222 : 7.759
1,2,3,7,8-PeCDD 0.341 0.559 © 0,798
Other PeCDD 6.886 11.214 . 14.739
2,3,7,8-HXCDD 2.266 - 4.486  6.134
‘Other HxCDD 9.27 16.02 22,499
2,3,7,;8~HpCDD - "4.107 - 7.051 - 10.959
Other HpCDD 5.762 7.89 11.831
2,3,7,8~TCDF 5.929 9.904 . - 11.422
Other TCDF ©29.741 51.203 47.734
1,2,3,7,8-PeCDF. 3.793 6.307 ' 7.401
other PeCDF . 27.017 40.922 - | 45.188
2,3,7,8-HxCDF  11.347 15.31 . 19.157
Other HXCDF 14.962 21.062 22.896
2,3,7,8-HpCDF 126.884 +13.238 15.646

other HpCDF 25.131 . 5.942 6.947

Source: Lodi, 1988
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The modeling incorporated Rutland—specific meteorologic data
along with mixing .height;‘data fbased ond'the 'meteorology of
Burlington, Vermont; and -Alhany, New York 'and oloudf cover
‘information from Glens.falls, New York. If any of the data were
missing, the missing"informatlon was estimated'from the existing
data. If a data point (such as a temperature readlng, wind
dlrectlon or w1nd speed) was missing, the proceedlng and following
hourly observatlons were averaged, this average was assumed to
equal ‘the mlss1ng datum.tg Tables 4= 3 ‘and  4- 4 findicate which
sampllng dates were modeled and any m1ss1ng data. . | “

Uncertalnty: was 1ntroduced 1nto the modellng by using
incomplete data files and,meteorologio data from other national
weather Vservlce >stations f(ife.,i Albany, Burllngton and Glens
Falls); The extrapolation' of a mixing helqht 1ntroduces
uncertalnty into’ the concentratlons. (RAMMET use 'the sampllng
day's mornlng and afternoon m1x1ng helght observatlons, and the
follow1ng' mornlng s observatlons to predict the hourly' mixing
helght:observatlons for the sampling day. If the missing m1x1ng‘
height is estimated to be Iower than the actual mixing height, .the
pollutants would not be estimated~to’bevtransported as far.

The ISCST model for stacks uses the Gau551an plume equation
(U S. EPA 1986a) where the ground level amblent air concentration
is 1nversely proportlonal to the mean Wlnd speed at the stack. If
the m1;51ng' w1nd speed is estlmated. to be 1less than ‘what it

actually iis;f the' conoentratlon at a. point downwind may - be

overpredicted. Iffthe Wind direction‘is~incorrect1y assigned, the




TABLE 4-3

Dates Modeled Using SLAMS Meteorologic Data and
Associated Missing Data

Date Data Information

01/16/88"

01/28/88* Missing 1 wind direction

02/09/88 Missing temperatures and w1nd directions from 000
to 800 hours : . :

02/2;/88* Missing the afternoon mixing height

03/04/88" Missing the next day'e morning mixing height

03/16/88* Missing that day's ‘mixing heights and 1 wind
direction ‘

03/28/88 No available wind speed or wind direction data

04/21/88" Missing that day's morning mixing height

05/03/88"

05/27/88" ' ’ _ -

06,/08/88" Missing that day's morning mixing height -

06/20/88* Miss1ng the next day's morning mixing height, 2 wind
directions and 2 temperature observations

07/14/88"

07/26/88"

08/07/88" \

08/19/88 Missing wind direction data for 000 - 1000 hours

® An asterisk (#) indicates that modellng was completed for this
date. .




TABLE 4-4

Dates Modeled Using River Street Méteorolbgic.Data and
Associated Missing Information

Date . | " Dpata Information

05/27/99* Missing 1 wind direction

loé/08/88 | Missing tﬁat.dayFs ﬁorﬁihg.mixiné height and 4 wina
directions ' ‘ . : . :

06/20/88" ,vMissing the next day's morning mixing height

07/14/88" | ’ | |

07/26/88 " Missing Wihd directions from Odd - 1206.hours

08/07/88" o o |

08/19/88" |

a

An asterisk (%) indicates that modeling was  completed. for this
date. o - : -




concentrations predicted to be downwind may be overpredicted, while
the concentrations at other points (that is, those poihts towards

which the wind was actually blowing) may be underpredicted.

4.4. ISCST MODELING RESULTS FORgRU‘I‘LAND

The ISCST model was run two separate times for eachvsampling
day, once using the wind dlrectlon and speed data from SLAMS and,
a second tlme using the R1ver Street data. ‘The ylndxspeed and
direction data from Watkins Avenue were not used for modeling
because of the low wind speeds observed during the summer, and
therefore may not reflect ‘the actuai‘wind.conditions in Rutland..

For each sampling day, ambient air concentrations Were
predicted at the four monitoring sites as well as at the polar
receptors; The polar receptors were used as quallty assurance,
the precision of the modellng could be checked by comparing the
predicted concentrations of the polar and dlscrete receptors. ‘The
modeled concentrations based on one unlt emission at Lhe‘monltorlng
sites and the maximum concentrations with the correspondlng polar_
receptor usiﬁg the SLAMS meteorologic data and the River Street
meteorologic data are shown in Tables 4-=5 and 4-6. |

The concentratlons predlcted to occur at the monltorlng sites
using the SLAMS meteorologic data ranged from 0 ug/nl to 5.22 ug/m
assuming one unit emission. The Watkins site was predicted to
receive the highest concentrations compared .with the other
monitoring sites. The prominent wind directions from which the

wind was blowing for the days modeled occurred in the southwest
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quadrant, thus the Watkins Avehue site was downwind from the ch
for a majority of‘sempling daysf Figures 4-12 through 4-24 display
the windrose for each sampling daylbased on the SLAMS meteorologic
data. | | '

On July 26, the Watkins Avenue site was predicted to have the
largest concentration of all the sampling sites for all the modeled
daye. The maximum concentration in Rutland was predicted-to be
very close to this‘monitoring site. The prominent wind directions
were south southwest and soufhwesc (See Figure 4-23).

On March 4 all of rhe monitoring sites were predicted to heve
‘approximately zero concentrations. For thie day, the wind was
blowing from the northeast and‘north.northeast, so none of the
sites were located downwind from the MWC on-this day. The maximum
concentration modeled at a polar receptor was predicted to be 2.51
ug/n? at 500 meters southwest of the MWC.

The concentrafions predicted to occur at the monitoring sites
using the River Sfreet meteoroiogic data ranged from O ug/m;.to
4,782 ug/nF assuming one unit emission. As :wiﬁh the - SLAMS
meteorologic data, the Watkins Avenue site was predicted to receive
the highest concentrations compared. with the other monitoring
sites. The directions from which the wind was blowing for the days
modeled were more variable than thatcobserved at the SLAMS, but the
wind blew most fregquently from the southwest. Figures 4-25 through

4-29 display the windrose for ‘each sampling day based on the River

Street meteorologic data.
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Figure 4-12. Windrose for January 16, 1988 in Rutland, VT based
on the SLAMS meteorologic data.
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Figure 4-13. Windrose for January 28, 1988 in Rutland, VT based. L
on the. STLAMS meteorglogi:q.iqéta-i;;. T e
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Figure 4-14. Windrose for February 21, 1988 in Rutland VT based
on the SLAMS meteorologlc data. -
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Figufe 4-15, Windrose for March .'4, 198»81vi:n i{utlandl, VT based on
the SLAMS meteorologic data. '
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Figure 4-16. ' Windrose for March i6, 1988 in Rutland VT based on
the SILAMS meteorologlc data.
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Figure 4-17. Windrose for April 21, 1988 in Rutland, VT based on
e the SLAMS meteorologic data. s '
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Figure 4-18. Windrose for May 3, 1988 in Rutland, VT based on the
SLAMS meteorologic data. o
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Figure 4-19. Windrose for May 27, 1988 in "Rutl,'and, VT based on
' : the SLAMS meteorologic data. . '
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Figure 4-20. Windrose for June 8, 1988 in Rutland, VT based on.
the SLAMS meteorologic data. o ' ’
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Figuré 4=21. Windrose for June 20, 1988 in. Rﬁt‘land", VT based on
the SLAMS meteorologic data. :
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Figure 4-22. Windrose for July 14,1988 in Rutland, VT based on
the SLAMS meteorologic data. p '
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Figure 4-23. - Windrose for July 26, 1988 in Rutland, VT based on
‘ the SLAMS meteorologic data. ‘ ‘
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Figure 4-24. Windrose for August 7, 1988 in Rutland, VT based¢ on‘
the SILAMS meteorologic data.
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Figure 4-25. Windrose for May 27, 1988 in Rutland, VT based on - "
A S River Street meteorologic data. = B e
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Figure 4-26. Windrose for June 20, 1988 in Rutland, VT based on
River Street meteorologic data. :
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Figure 4-27. Windrosé for July 14, 1988 in Rutland, VT based on -
: ' River Street meteorologic data. ) .




20%

4.1-6
0-1 1.1-2 2.1-3 383.1-4 |— > 6 NOTES:

i:EEEEEEffEL_;:::Eﬂ : . Diagram of the frequency of
" Occurrence for each wind direction.

Wind Speed Classes . Wind direction is the direction
(meters/second) ., From which the wind is blowing.

Figure 4-28. Windrose for August 7, 1988 in Rutland, VT based on
River Street meteorologic data.” - =~ - - . .
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Figure 4-29. | Windrose for August 19, 1988 in Rutland VT based
‘ on River Street meteorologlc data.




These modeling results indicate ground-level ambient air
concentrations of the pcllutants emitted from the stack.atAa rate
of 1 g/s. Because these concentrations do not reﬁresent the actual
concentrations attribﬁtab;e ﬁo,the MWC (since the stack emission
rates were not incorporated ihto the modei), the results were used
in the nonparametric statistical tests described in Chapter 5. The

results of the statistical analyses are described in Chapter 6.




S. APPROACHES FOR ANALY§IS'OF SOURCE CONTRIBUTION

‘The purpdse of this repoft is tbxdétérminé‘thé human exposure
to the:polluﬁants emitted from the Rutland MWC. : This chépter=
describes the methods used to detéfmiﬁe the contribution of the MWC
to the measured pollutants in tﬁe‘ambieht?air'énd envifohmenfal
media.

Both qualitative and quantitative approaches'wereruSed:fBr
‘gnalyéis of ambient air concentrations of tﬁe pollutants;Aoniy a
qualitative approach was uéed for the environmental media. The
approach for the analysis of environmental media was qualitative,
involving a comparisoﬁ of concentrations between the various
vsampling periods and a comparison with pollutant concentrations in

other geographical regions.

5;1; AMBIENT AIR APPROACHES
, Ahalysis of thé incineratbf‘as a source for the measured
pollutants in ambient air encompassed four approaches: (1) the tons
of waste burned by the MWC were compared with measured particulate
matter (PM-10) concentrations, (2) mutagenic activity was compared'
with amount of waste burned and PM-10 conceﬁtraﬁion, (3) the
congener profiles of‘measured PCDD/PCDE in Rutland ambient air were
compared with those of potential sourcés, and (4) daily ambient air
concentratibns of 'pollutants' that were ‘pfedicted"from éir
dispersion modéling (ISCST) ‘Weré> compared with  the measured
poilutant cdncéntrations. Onenquantitétive‘appfdach that couid

not be conducted due to limitations in the data was the comparison




of ambient air samples collected during operation with those
collected while the incinerator was nonbperational (of shut-dbwn).
The majority of the shut-down (August 1988 - February 1989) ahd
operational samples (December 1987 - August 1988) were coliected
during different seaéons,: precludingv a - direct comparison of
operational and non—operational (or shut down) measured pél}utant
concentrations. Kniep et ai. (19705 has reported on the seasonai
patterns of metals in ambient air that are dependent' on

temperature, wind speed and sources.

5.1.2. Qualitative Approaches to Analyzing Ambient Air Source

contribution.

5.1.2.1. CORRELATIQN OF TONS OE WA‘STE‘BURNED TO PARTICULA’I“E'
CONCENTRATION —-- The TSP Hi-Vol glass;fiber filters and PUF
samples were analyzed for both PM—10 (partlculate matter < 10 u)
concentration and mutagenlclty (see Sectlon 5.1.2.2. ) One'
approach to analyze the concentration of pollutants in amblent air
was to determine if there was a relationship between the amount of
particulate (PM—lO concentration) and the amount of waste (as tons
per day) burned by the incinerator.  This relatlonshlp was
investigated since many pollutants adhere to particulate matter and
because a possible correlation may not be apparent between the
individual pollutants since‘paay of¢the cqnqentrations wete not -
detectatle, but might exist if total pafticulate were examined;
A significant positive correlation betweeéen the tonsvofrwaste burned

per day and the PM-10 concentration would support the MWC as the



source . for these partlculates.‘- The statlstlcal analyses were
performed on Statgraphlcs 3 0. The results are dlscussed 1n

Chapter 6. o

5 1. 2 2. CORRELATION OF MUTAGENIC ACTIVITY TO TONS OFAWASTE
BURNED AND PARTICULATE CONCENTRATION - A.relatlonshlpibetween‘the
amount of waste burned dally and mutagenlclty of collected fllters
was conducted because emlss1ons of organlc mutagens result from
1ncomp1ete combustion of mun101pa1 waste (Watts et al.; 1989) ‘A
pos1t1ve 51gn1flcant correlatlon would support the ln01nerator as

'a poss1ble source for mutagenlclty 1n Rutland amblent air. Th1s

analysis is discussed in Chapter 7.

B 5 1.2.3. COMPARISON o'F"_ écno/pcnr | CONGENER " PROFILES--
Ballschmlter et al. (1986) have suggested that the dlstrlbutlon
patterns of congener proflles may 1ndlcate the nature of PCDD/PCDF
sources. The congener proflles of the samples collected on Januaryl
16 February 21 and July 26, 1988 were compared to determlne 1f the
proflles varled between s1tes,,days w1th1n the same season‘and
seasons of the year. The dlfferences in these dally proflles could
represent contrlbutlons from dlfferent sources. The amblent a1r
proflles were also compared w1th those of potentlal ources (1.e.;
chlmney soot and the emissions from the MWC)A‘ If the congener
proflle of the MWC resembled that of amblent arr on a partlcular

sampllng day, then the MWC may have been the main source of

PCDD/PCDFs in the amblent alr.. Results are shown 1n Chapter 8.




5.1.3. Quantitative Approaohes to Analﬁzing Ambient Air Source
Contribution. The concentrations of the pollutants measured in the
ambient air v(descfibed in Chapter 3) were compared with the
concentrations predicted by the ISCST air dispersion model (as
described in Chapter 4) using the meteorologic data collected at
SLAMS, and the concentrations predicted using the meteorologic data .
collected at River Street. If the MWC is the primary source for
the pollutants measured at the four ambient air monitoring sites,
then the concentrations predicted by the air dispersion modeling
(IscST) for these sites shonld correspond: to the measured
concentrations. The relationship between the predicted
concentrations and measured concentrations in Rutland ambient air
" was analyzed using two nonparametric statistical methods.

Since the predicted concentrations from the dispersion
modeling were based on unit emission (refer to Chapter 4), they
could not be used to predict absolute ambient air concentrations.
Instead, the model results were used to‘indicate the relative
order, or ranking, of the ambient air concentrations for the four
monitoring sites on a particular day.

In the nonparametric procedures, the actual ambient air
concentrations were replaoed by their rank, in order of decreasing
concentrations within a day, with the highest predicted
concentrations getting the highest rank. The sane concentrations
received a "tied" ranking. - Modeled and measured concentrations

were ranked separately, then the ranks compared statistically.



If the ranking of the measured.-conceﬁtrétions‘ for a
particular day corresponded with the ranking of the predicted

‘concentrations  from the dispersion model for .the same day, the

hypothesis that the pollutant(s) originated at thegstaék would be

supported. Conversely, a difference between the order of the
.measured ranks and the'ordet of ranks predicted by‘the'dispersion
‘model would indicate either that the MWC was not thé.soie source
of the pollutants or that the dispersion modél-was,inaCCUrate;
Amﬁient air concentrations of many of tﬁe'pollutants could
not be quantified,  as concentrations,were Lelow the 1limit of

detection. In the honparametric procedures, the impact of the

values below the detection limit is minimized since the analysis -

is based on the ranking of the data and not the actual humeridal
value. Having one value below the detection limit on a given day
would have no effect on the analysis since that site would be
identified with the lowest rank.? Whgn twd Qrfmore values were
below the detection limit, they were treated as tied (for 1lowest
rank). If, on a particular day, all of the sites had values below
the detectidn,limit, ranks could not be assigned andAstatistibal
analysis could not be completed.. TFor a nonparametrid test based
only on the position (location) of thevmaximuﬁ concentration (such
-as the modified sign‘test.described below), only one of the four
-sites needed to have a detectable concentration.

All statistics werevconducted using Statgraphics, Statistical

Graphics System (version 3.0). The nonparametric tests used to

o




examine the relationships between the measured and predicted
concentrations weré a modifi'ed sign test and the Friedman TWOQWay

o

Analysis of Variance. i

5.1.3.1. MODIFIED SIGN'-TEST -- The’modified sign test
compares the location of the maximum measured concentration with
the location of the maximum predicted value. The sign test is a
nonparametric test for comparing two paired samples (i.e., the
modeled and measured concentrations). -The null hypothesis was that
the maximum predicted and Maximum measured concentrations occur at
the same location (i.e., same monitoring site) on a particular day.
This test examined whether there was a direct‘link:betweenzthe
highest modeled and measured concen&rétiohs“thatlwould be expected
if the MWC was the;primary source contributing to the measured
levels in the ambient air:-

A criteria for sufficient data to conduct this test for a
particular pollutant on ~a’’ particular’ day was at least - one
detectable concentration’ among the four sites and also ﬁddeled
concentrations for the four gites when the MWC was in 6pératibh.
To conduct this test, a plus sign was assigned for each day when
predicted values were- available from the dispersion model and the
maximum pred?dted. value 'occurred  at the same location 'as"fhe

measured maximum for that-day. - If not, a negative sign was

recorded.



- ,if_nQ;;elatiohship between.the location of -the predicted
- maximum and the actual_measured'maximqmqéxisted,for a particular
day, a "match" was expected due to chance variation with a
probability of 0.25.

) If;the.dispersion model did correctly idéntify;thejlpcation
of the highest actual concentration significantly more thanhzs%;of
the time, some correlation between the MWC stack output. and the
meésured‘ambient;air 1gvels existedﬁ,rh3

. The compptation of a p-value fortthe'hypbthesis.thét there
was‘nonrelationshiplbetween,thé locations of predicted ahd‘observed
maximums was,k based on the binomial distribution, as with the
ordinary sign test, except that thefbinomial parameter representing

probability of "success" was 0.25 instead of 0.5.

5.1.3.2. FRIEDMAN TWO-WAY ANALYSIS OF VARIANCE -- This test
was, usea to analyzeﬂlt_he pat;terh of occurrence _df the measured
concentrations and of the concentrations predicted with ‘the
,gispersibn podei.v It would be expected that'the-meteorologié
conditions and.spatial. arrangement of the sampling sites would be
such that.one or more of the sites would receive a greater amount
of the pollutants than the others. ,While:the,actualimeasured
.concentrations could be analyzed. by,Ja parametric: analysis of
variance (ANOVA), only relative rankings were available for the

predicted concentrations obtained from the dispersion model making

the Friedman nonparametric ANOVA the appropriate statistical test.




The Friedman test is the nonparametric counterpart to the ANOVA
for a randomized complete blockvdesign. For this analysis, dayé
are blocks and sites are levels within.the block.

Values below the detection limit were not a limitation as this
test accounts for "ties". 1If, on a particular day, two sites were
below the detection limit, they were considered to be tied and both
were assigned a rank of 1.5 indicatihé that they shared‘fifst and
second place in the ranking. (A low numbef meant a low rank). :If
there were more than 2 sites with nbndetectable,concentrations,
this test could not be conducted. ‘

In this analysis, the two data sets‘(measgred and predicted)
were considered separately to determine’how the four sites differed
in their ranking with respect.to level of a poliutant. The pattern
of the rankings of the measured concentrations was compared with
the pattern of the rankings of the modeled concentrations. .Finding
the same pattern of ranking for both data sets suggestéd'the
possibility that the MWC was the primary contributor to the

nmeasured ambient air concentrations.

5.2. ENVIRONMENTAL MEDIA

Environmental media were sampled in areas surrouhding the
Rutland MWC during the projeét period. = Three rounds of
environmental saﬁpling were conducted: October and Novémber 1987
and June 1988. Samples collected in 1987 prior to operation of

the Rutland MWC represent background levels for comparison with

-those samples taken during MWC operatiohs. The primary objective




of sampling both before and during operation was to show the.
incremental lncrease of pollutant_concentrations in environmental
media, if any, caused by emlssions~from the facility.
The_enwironmental'assessment was qualitative and took several
approachesar Samples of the same.media (e.qg., soil) were pooled
across the‘ yarious sites for each sampling round.  The
concentrations{of'each pollutant for each sampling :ound (i.e.,
October 1987,‘No§ember 1987 and June 1988) were compared using a
one-way analysisaof;variance (ANOVA, a= 0.05) to'determine if
pollutant concentrations differed. If the concentrations of the

' sampllng rounds were 51gn1flcantly different by the ANOVA the

Scheffe multlple range test was performed to determJne which: of

the sampllng perlods dlffered.q;,lf$there was . no statlstlcally
51gn1flcant dlfference between October and November, a two- sample
(pooled) t-test was conducted comparlng the comblned pollutant
concentratlons for the sampllng rounds prior to commencement of
operatlon (1 e., background October and November 1987) with those
from the sampllng round durlng 1nc1nerator operation (June 1988)
To assess the validity of poollng the various sites for each
sampllng perlod the pollutant concentratlons for each sampling
round were. also compared us1ng the Kruskal-Wallls nonparametrlc
analysis of varlance., This procedure applies a rank transformat;on
of the data (i.e;,ireplacing the data by their ranksl1and then
conducts a parametric analysis of variance on the ranks of”the data
(rather than on;the numerical value of the‘dataf (Conover, 1§71).

If the two procedures give nearly identical result then the

assumptionsfunderlying the parametric analysis of variance (i.e.,




normally distributed data, equal Varlances) are llkely to be valid,
and the pooling of the sampllng s1tes 1s acceptable. However, if
the two procedures give different results, more weight is given to
the results of the Kruskal—Wallls test 51nce the nonparametrlc‘
procedure iéuléés sen51t1ve to the effect of outllers,(observatlons
that are unusually large or small compared w1th the bulk of the
data) or very nonsymmetrlc dlstrlbutlons (Conover, 1971)

Rutland env1ronmental medla concentratlons were also compared
with pollutant concentrations measured at other 51tes w1th1n theh
United States and Europe. These data from other locatlons were‘-
used to assess whether the magnltude of pollutaht concentratlons
found in Rutland during operatlonrof‘the”MWC fell w;thln the_range

of concentrations found elsewhere. -




6. CORRELATION OF TONS OF WASTE BURNED

TO PARTICULATE CONCENTRATION

The . first approach to'assessing the:contribution of the MWC
’”émiééians to the:pollutantAconcentration in-Rutiand ambient'air
'was to attempt to correlate the amount of waste burned by the
_’1n01nerator each day w1th the partlculate matter (PM -10 fractlon)
"concentratlons for the period of November 5, 1987 through October
*é, 1988. A correlatlon between tons of waste burned and PM—lO
' concentration would suggest that the MWC'was*the primary sourcerof
bollutants in the air. B | - | |

' sincé maﬁy pollutants adhere to'particulate'matter and'many
of the pollutant concentrations were not detectable‘(i:e.;‘less
than or equal to the detection limit), the PM-10 concentrations
were compared with the tons of waste burned for each sampling day
(tpd)‘to determine if there was a relationship. Figures 6-1 and
6-2 display the amount of waste burned and PM-10 concentration for
each day. Simple linear regression analyses were performed to
correlate the PM-10 concentration of each site for the sampies.
collepted from‘Nowember 5, 1987 through October 6,. 1988 to the
amount of‘waste burned (tpd).. The regression of PM?10 versus tons
of Waste burned per day for each site is presented in Figures 6-
'3 through 6-7. Since the SLAMS co—located site was the site for
'PM-10 sanples, Tthe_ regression -analysis was performed on both
duplicate samples.

The regression analyses indicate that PM-10 concentration is

not linearly related to the amount of waste burned. Very little
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‘of the,variabilityl(R-square values) in PM-10 concentrations is
explained by Volume of waste burnedvper day. Tablé 6~-1 shows the
statispiéal analyées of these data.: |
In'summary,.no correlation betﬁeen‘the amount of waste burned
dail§?and ambient air particuléte concentration at any of the sites

was}found to exist. This result suggests that the MWC is not the

soi@ source of particulates in the Rutland ambient air.




TABLE 6-1 -

P-values and R-square values for Regression Analysis

According to Site

Monitoring P R
Site Value Square
Watkins Avenue 0.21 6.3%
River Street 0.38 3.2%
SLAMS 0.25 5.4%
SLAMS (duplicate sample) 0.26 5.2%
Route 4 0.55 1.5%




7. MUTAGENICITY

Each of the 12 sampling periods between November 5, 1987'and
March 16, 1988 generated five TSP and five PM-10 filters from the
four ambient air monitoring stations. Only one PUF sample was
collected during the collection time. Materials colleéted on the
TSP high-volume fiber filters were assayed for mutagenic activity.
Particulate concentrations were determined'gravimetricélly‘frbm
' materials on the PM-10 filters.

The Ames Salmonella tgphimirium histidine reversion assay with
strain TAQé'(Méréﬁ:and Ameé; 1983{‘;U;S. EPA, 19876)'ﬁaé used tb,
determine *the. levels of mutagenic activity associated- with
particles from ambient air collected surfoundiné thé_Rut}gnd”gwc.
Tﬁis Salmonella strain detects frameshifﬁ‘mutagens andjhigtoricélly
has been found to be the most efficient strain in detecting
mutagenicity associated with an urban air environmgnt.(Sandhu and
Lower, 1987). Dose response data were generated'and mufagenicity
concenﬁrations>weré éalculéted usihg'fhe statistical method of
Bernstein et al.l(1982).

The positive correlation between PM-lO'particle;concentration
"and indirect mutagenic activity (+S9) is shown in Fﬁgure 7-1.
Statistical analysis of the‘ data yields a slope of 0.37,
corresponding to 0.37 revertants/ug of extractable organic mass,
.and a correlation cqéfficient' of 0.74. The slope values

(revertants/ug) for dose response determinations were converted to

revertants/n?_of air. These values reflect the concentration of
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Watts et al. (1989)
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mutagens found in ambient air. The co-located PM-10 samplers at
the SIAMS site show the highest concentration of particles (0-10
microns). The TSP samplers from that site show correspondingly
higher concentrations of both direct (-S9) and indirect (+S9)
mutagens. The mutagenic activities of samples from the SLAMS site
are consistently higher than those from the Watkins Avenue site.’
While these results represent 12 samples collectedvduringla three‘“
;month time period, this finding is not consistent with the‘initial
jair dispersion modeling that had predicted that if the source of';
=mutagen1c act1v1ty'was deposition from the incinerator, the‘Watkins
;Avenue site, because of its prox1m1ty to the p01nt of max1mum‘
‘depos1t10n, would have the highest amount of activity. The SLAMSﬂ
site was farthest from the incinerator but closest to the town'
;center and likely tc he'ccntaminatec by city combustion sources.

Mutagenic activity does not correlate with the number of tons .
"of municipal waste burned for any'sampling“period (Figure 7—2jl
The largest amount of waste was burned on March 16 1988 but thef
'vindirect mutagenic activity of the samples collected that day was:
relatively small. The sampling daY'bn‘which no waste was hurned
(December 23, 1987) resulted in samples with relatively high levels
of indirect mutagenic activity. The data suggest a seascnal
fluctuation of both particulate concentration and mutagenic
activity from low levels in November to peak amounts in January to
1ow levels 1n mid—March.

PM-10 particle concentraticns were compareaKWith mutagenic

activity of the samples collected on the PS-1 PUF samplers at. each

-~
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monitoringrsité, Both the pre-PUF particle;filter (consisting of
the glass cértridge-filterf and the PUF plug, used to collect semi-
volatile organics, were"‘cémpared with the PMwld' particle
éoncentrations., The data from thrée'éitéé kRoute 4,jSLAMS, River .
Street) suggést_that mutagenigity‘is primarily associated with
patticle—bound 6rgéhiqé‘becauSé“fﬁé*éﬁFlplué?ﬁufagenic activities
W¢re very éimilar to those seen-ih'the PUF blénk. The Watkins
Avenuéisite, however, shpws levels of semi-volafilé mutagens equal
to»theiamount seen in pre-PUF particulate samples.

In summary;va pOsitive correlation was seen between particle
concentratién and mutagenicvactivity at all four'samplinglsitesf
but fhgrejwas»né correlation between ﬁhe number of tons of waste
burned. and mutégenic activity at any of the sites. This suggests
that other sources afe responsible for the mutagenic activify

observéd in'partiéle's, ‘from ambient air in Rutland.
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8. AMBIENT AIR PCDD/PCDF CONGENER PROFILES

The conqeners and isomers of polychlorinated ‘dibenzo—pé
dioxins and dlbenzofurans (PCDD and PCDFs) were analyzed in amblent
air samples collected from November 1987 through February 1989 by
high . resolution gas chromatography-high resolution mass
spectroscopy (HRGC/HRMS) | Tne cOngener concentrations of the
.samples in amblent air were used to make graphical dl.plays of‘the
dlstrlbutlon patterns of the homologues. The purpose of the
congener profiles was to'compare the pattern of the PCDD/PCDF
congeners between samples and potential sources. The congener
profiles, therefore were dlsplayed beth as concentratlons and'
relative percentages. |

Distributlon patterns of congeners have been used to indicate
"PCDD/PCDF sources. Ballschmiter et al. (1986) determined the
existence of widespread .sources (e.g., automobiles and MWC)’of
PCDD/PCDF ln the environment. Tiernan et al. (1988) concluded that
PCDD/PCDFs in metropolitan areas (industrializedfregions) appear
to originate from a combination of sources including MWC and motor
uehicles using profiles. The patterns of the homologue ratios for
ambient air samples collected at each site in Rutland on January
16, February 21, March 3, April 21, May 27, June 20 and July 26,
1988 were»compered with each other and to homologous'patterns of
potentiel sources (i.e., wood burning and MWC) in an attempt to
identify possible sources of the PCDb/PCDFs. Relative percentages

were used as a basis of comparison since a sample collected close

to a source could have concentrations greater than a sample




collected further away, yet the pattern of congener profiles would
appear to be the same and their relative percentages would not
change because the PCDD/PCDFs originated from the same source. Thé
congener with the maximum concentration of each. samplé has a‘
relative percentage of 100%. Figures 8-1 through 8-25 disblay the
congener profiles in ambient air. The ambient air concentrations
were just above the mihimum limits of detection on 2/21/88, 3/4/88,
4/21/88 ‘and 5/27/88. |

The PCDD/PCDF distributionApatterns for the same day differed
among monitoring sites indicating that local sources (i.e., sources
in very close proximity to each monitoring site) influence the
distribution pattern at each‘site. For example, on January 15,
1988 the relative percentages ana'concentrationSJof.OCDF and PeCDF
varied greatly. The rélative percentages of OCDD rangé& from 23%
at Watkins Avenue to 100% at SLAMS,' Qhefeas the relative
percentages of PeCDF ranged from O%‘at Routé 4‘(where it was nof
detectable) to 100% at River Stréet;: Occasionally, the congener
profiles for the same day at differéﬁt sites resembled each other
indicating that the sites may be influenced by the same or similar
source(s) that "override“bthé local sources in close proximity.
On February 21, 1988, the patterns 6f the cohgener profiles
resemble each other since HpCDD, OCDD, and TCDF were predomihately
the congeners with detectable concentrations (Figures 8-5 through
8-8) . 7

The PCDD/PCDF distribution pafterns of homologues vary between

days suggesting that PCDD/PCDF sources may change with time. At
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River Street, the TCDF. and PeCDF have relative percentages of 88
and 100% on January 16 (Figure 8-2), respectively, but on June 20
the relative percentages decrease to 0% (Figure 8-20).

The congener profiles of ambient air were compared with the
congener profiles based on the stack emission of the MWC and the
emissions from wood burning:systeme. Emissions.from wood bu;ning
systems have been included for the purpose of possible
identification of source contribution, because the air monitoring
sites in Rutland encompass residential wood burning in the
proximity of the MWC. Because of the lack of Rutiand~specific data
on the PCDD/PCDF concentrations in fly ash from residential wood
burning, the arithmetic mean of the PCDD/PCDF concentration of nine"
chimney soot samples from wood bufning home heating systems in
Germany (Thoma, 1988) was used. The.congener profile for.chimney
soot is displayed ‘in Figure 8-26. |

The PCDD/PCDF congener profiles of the ambient air samples
collected during the winter months were compared with the congener
profile of chimney soot. The congener profile of Watkins data on
January 16, 1988 does resemble the profile ef the soot with the
exception of PeCDDs. However, the other congener profiles of the
ambient air samples collected on January 16 and February 21 do not
resemble those of chimney soot. For many of the air samples, the
OCDDs have high relative percentages ﬁhile for tﬁe chimney soot,
OCDD has a low relative percentage. ‘The relative percentage of
PeCDF of many embient air samples wae low (range 0-75%) while the

relative percentage of PeCDF of chimney eoot was high (100%).
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Congener profiles were deﬁeloped'for the MWC stack emissions.
that were measured on March 8, 9 and 10, 1988. wsStack emiSsion
testing of the MWC was required under the Air Pollution Control
Permit for the State of Vermont (Agency of Environmental
Conservation, State of Vermont, 1986) . The emission concentration
of PCDD/PCDES was one of many pollutants that was Sampled for
fourhours on three days as discussed in Chapter 4. The congener
profiles of the stack emissions from March.:s,‘ 9, and 10 are
displayed in Figures 8-27 though 8-29. |

The profiles of stack emission have similar PCDD/PCDF
distribution patterns. The profile for March 8, 1988 (Figure 8-
27) differs from the other two in the HpCDF. and OCDF relative
percentages, but the reasoh for this is unknown and may be due to
a change in operation parameters. The concentrations of HpCDF and
OCDF are greater than that of the congeners for the stack emissions
collected on both March 9 and 10 (Figures 8-28 and 8-29).

The congener profiies of the stack .emissions were compared
with profiles of the ambient air samples collected at Watkins
Avenue on May 27, June 20 and July 26, '1988. iThe ambient air
samples collected on May 27 and June 20 were chosen for compafison
because they were the sites predicted by the ISCST twice using the
SLAMS and River Street meteerologic data to receive more of the MWC
pollutants than the other sites for these days. ihe Watkins Avenue
ambient air sample collected on july 26 was compared because it was
predicted to receive the greatest concentration for all sites for
all sampling days. When the congener profiles of the ambient air

are compared with the'profiles of the stack emissions, the PCDF
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congene£ patterns show a resemblance but the PCDD congener patterns
do not. In generél, the ambient air séﬁples have higher HxCDDband
OCDD relative percentages.than the stack emissions.

The comparison of the ambient air congener profiles between
each site indicates that there is not a specific distributioﬁ
pattern between sites (i.e., the profiles vary between sifes).‘Thev
ambient air profiles also vary for each day. Because of the
variations occurring between sites, days and sources, it is
unlikely fhat the PCDD/PCDFs were from wood burning or the MWC
alone, but a variety of sources.

Uncertainty was introduced into the interpretation'of these
congener profiles due to the lack of e emission data. Since the
tons of waste burned fluctuated between days and the MWC stack
emissions were tested only on three déys, it'is not known if the"
profiles of the emissions changed over tinme. fThere%ore, the graphs
that were used as the basis of comparison to determine if the MWC

was the major source of PCDD/PCDFs may not have been accurate.



9. ANALYSIS.OF MODELED AND MEASURED

Ty e ;KMBIENT AIR CONCENTRATIONS

Several%approaches were used . to estimate_human exposure to
-the pollutants emitted from the MWC. eThe pollutant concentrations
-measured in .Rutland;aambient‘ air when the incinerater was in
ﬁoperation represented the total concentrationrof eeeh pollutant
-from bOth\EhQ iﬁ;;neretor;ehd‘other.sources. In order to‘determine
‘if the concentretions of measured pollutants were primarily from
the MWC, the proportion of the pollutants attribﬁtable to otﬁer
.sourceS»neeﬂed‘to-beraseessed, This chapter presents the reeults
of the statistical comparison of measured and predicted ambient air
concentrations of the pollutants as a way of'aeseesing source
appprtipnmept,;sincejaﬁ inventory of other sources for the measured
pollutents .was not available. Stetistical results for the
environmental_mediavare reportedAin Chapter 10. :

-~ As discussed in Chapter '3,. few of ~the pollutants had
detectable concentrations. Table 941‘shows‘the occurrence of the
maximum detectable qoneentrations of the various metals‘and B[e]P
that were detectable at the four amblent air monitoring sites.
PCDD/PCDFs on Table 9-1 1ndlcate the maximum concentratlon at, the‘
monitorings when all of the congeners  hdd detectable
concentrations. Whlle B[a]P had a large percentage of samples
above the detection limit (43/131), only a few (3/43) occurred on
daYs when meteorologic data needed for dispersion modeling were

available, precluding a statistical analysis of the data. There

were sufficient data in the detectable range for lead to enable




Occurrence of Maximum Detectable Concernitrations .in Ambient ,Air'

TABLE 92-1

SLAMS Watkins Ave. | River st. Route 4 -
*11/05/87 ~NA-
| *11/17/87 -NA- A BaP "Pb
| x11/29/87 | Bap Pb Be Cd
| ¥12/11/87 | Pb BaP
12/23/87 | Pb Ni BaP
01/04/88
%01/16/88
%01/28/88
*02/09/88 | Pb BaP
%02/21/88 | Pb
*03/04/88 | BaP Be cd cr
‘ | PCDD/PCDF
%03/16/88 | Pb - '
*03/28/88 | Pb BaP | -NA-
| 04/09/88 Be Pb As
%04/21/88 | Pb BaP
*05/03/88 | Pb
%05/27/88
*06/08/88 | Pb
%06/20/88
%07/14/88 | Pb
*07/26/88 | Pb
%08/07/88
| *08/19/88 | Pb
08/31/88 |As Pb -NA-
09/24/88 Pb
10/06/88 | BaP Pb
10/18/88 | Pb Be




TABLE 9-1 (continued)

SLAMS.-. .- |:'Watkins ‘Ave. | River St. | Route 4
.10/30/88 |{Pb. ... .. s ' :
11/11/88 | Pb

.11/23/88 |BaP . . | .. . . |Pb
_____|pcop/pepr | o
12/05/88 Pb BaP PCDD/PCDF |
12/17/88 |pPb BaP o
- 02/03/89 |BaP - | PcDD/PCDF
02/15/89 |BaP | | pcDD/BCDF |

* = Combustor operating

.Shaded cells 1ndlcate locatlons of max1mum modeled concentratlons
using SLAMS meteorloglc data.-

9-3




detailed statistical analysis (the criterion for sufficient data
is discussed in Section 5.1.3.). PCDD/PCDFs were statistically

analyzed as 2,3,7,8-TCDD equivalent concentrations.

9.1. COMPARISON OF MEASURED AND MODELED LEAD

As discussed in Chapter 5, predicted and measured ambient éir
concentrations of lead were statistically compared using two
nonparametric methods, the medified_sigh test and the Ffiéamaﬁ
nonparametric ANOVA. |
9.1.1. Modified Sign Test Analysis for Lead. This test was
conducted twice; once, cémpariﬁg the measured ambient: -air
concentrations with the concentrations predicted by the’dispersion
model using meteorologic data collected at the SLAMS,‘énd again
comparing the ;measured' ambient air concentrations with the
concentrations predicted by the dispersion model using'meteofologic
data collected at River Street. The two differeﬁt’meteorologic

data sets were used for this statistiCalianalysis to assure that

the results obtained when the SLAMS data were used were not

compromised in any way due to the limitations in the collectioﬁ 6f
the SLAMS data, as described in Section 4.1.

There were eleven déys for which there were both dispersion
model data for the SLAMS and a cmmplete set of measured lead
concentration data. These days are listed in Table 9-~2 (08/19/88
is not included in the first analysis as there were no meteorologic

data for the SLAMS on this day). Any day for which 1lead

concentration was not available for one or more of the monitoring

e




TABLE 9-2

Ranks for the Four Sampling Sites Based on Both Measured* and
’ Modeled" Lead Concentratlons

.
SLAMS Watkins Ave. River st. Route 4
Date Mo Me Mo ,. Me Mo | Me | Mo Me
01/16/88 3 4 4 3 2 1 1 2
01/28/88 4 4 3 3 2. 1 1 2
02/21/88 3 4 2 2 4 2 1 2
03/04/88 2 2 2 3 2 1 4 4
' 03/16/88 | ' 3 4 4 1.5 1 1.5 2 3
04/21/88 3 4 1.5 1 4 2 1.5 3
.05/27/88 1(1) 3 4(4) 4 3(2) | 2 2(3) 1
06/20/88 | 3(3) 3 4(4) 4 | 1.5(2) 2 | 1.5¢1) | 1
07/14/88 | 3(2) 4 | aqa) 1 2(3) 3 1(1) | 2
07/26/88 3 4 4 3 2 1 1 2
08/07/88 | 2(3) | 3 4(2) 2 | 3(4) 1 1(1) 4
08/19/88 (1) | 4 L (4) 2 (2) 1 (3) 3

Me*: Ranks based on measured concentration data

Mo®: Ranks based on dispersion model u51ng SLAMS meteorologic data.
Ranks based on dispersion model us:.ng River St. meteorologic
data are in the parentheses. : ' :




sites was eliminated since the moqifiedwéignvtest compares the
highest predicted and highest observed concentrations and missing
data precluded the determination of‘"highg§t",‘yValueshyhat were
not detected could still be analyzed unless concentrations for all
four locations were not detectaplghﬁor,g;papticu%gg{dag; in which
case a "highest" value could not be determined, .

Of the eleven days there ﬁere‘g;tot§lvoﬁ,fgur“days_whgrein
there were matches between predicted and, observed maximums; As
shown in Table 9-1, these days are . 01/28/88  (SLAMS), 03/04/88
(Route 4), 05/27/88 (Watkins Ave.) and 06/20/88 .,(Wat;‘:i_ns;_zwé.),
The probability of a random matchxbetween;ﬁaximum observed ' and
nmaximum predicted concentrations on any particular day with four
sites is 0.25. From the binomial distribution, the probability
(p~value) of four or more matches out .of eleven trials is 05286.
Since this result was not statistically significant (p> 0.05), the
number of matches observed was not;greater;than.expécted due to
chance variation alone, i.e., the maximum predicted and measured
concentrations of lead occurred at the.same site .only by chance. .

One reason for the smgll number .of matches -was that SLAMS
consistently showed the highest levels of lead .even though this
site was predicted to have the maximum. concentration only once
during these eleven days. This suggests theipossibility that the
primary source of lead at SLAMS was something other than the MWC.

To eliminate the possibility that. the results of the above

modified sign test might be biased by consistently high lead levels



at SLAMS. orlginatlng from an unldentlfled source, the SLAMS site
was excluded and the modified sign tést repeated for the remalnlng
three sites. These results are shoWn'in Table 9-3. -
Wlth the ellmlnatlon of ‘SLAMS from the ana1y51s, ‘the number
of days for which data was available was reduced.to ten because on
‘cﬁe of the originalneleven days (2/21/88)'no”1ead7was detected at
the remaining three sites (i.e.,'Watkins Avenue,tRiver Street and
 Route 4). The maximums for both measured concentratlons and
predlcted concentratlons were compared for the three 51tes glVlng
a total of six matches out of ten‘(01/16/88 Watklns Ave., 01/28/88
Watkins Ave., 03/04/88 Route 4, 05/27/88 Watkins Ave., 06/20/88
Watkins Ave.'and 07/26/88 WatkinsxAver)L Tﬁe‘probability'cf a
random match on a particular day with three’sites is 0.350 From
the binomial distribution, the probability of 6 or more matches out
of 16 trials is 0.073; This "p-value of 0.073 ‘suggests the
relationship'between.the modeled‘concentrationS'and the measured
concentrations was pct significant at the‘o.OS level, i.e., the
. primary source of lead at these sites was not likely to be the MWC.
The modified sigﬁ test was repeated using the 'locatioﬁs
predicted torlhave maximum - concentrations from the’ diSpersion
'modelihg, with the River Street meteorologic data. ~ Complete
information to perform the test was avaiiable' for five 'days
(05/27/88, 06/20/88 07/14/88, 08/07/‘88 08v/19/8'8)i as shown on
Table 9-2; The probablllty of a random match between the location
"of the maximum observed and max1mum.pred1cted concentratlons on any
partlcular day w1th four sites is. 0. 25. There were two matches

between predicted and measured max1mums (Watkins Ave. on 05/27/88

LY




TABLE 9-3

Ranks for Three Sampling Sites (SLAMS E}icluded) _Based on Both
Measured' and Modeled® Lead Concentrations

Watkins Ave. River St v Route 4.

Date Mo Me Mo A ﬁe_ Mo | Me
01/16/88 3 3 2 | 1 1 2
01/28/88 3 3 | 2 | 1 | 1 2
02/21/88 1.5 2 | 1.5 | 1 3 "3
03/16/88 3 1.5 1 | 1.5 2 .3
04/21/88 1.5 1 3 2- 1.5 3

| 05/27/88 3(3) 3 2(1) 2 1(2) 1
| 06/20/88 3(3) 3 1.5(2): 2 1.5(1) | 1
07/14/88 3(3) 1 2(2) 3 1(1) 2
07/26/88 3 3 2 1 1 2
08/07/88 3(2) 2 2(3) - 1 1(1) -3
08/19/88 .| (3) 2 (1) 1 (2) 3

Me': Ranks based on measured concentration data

Mo’: Ranks based on dispersion model using SLAMS meteorologic data.
Ranks based on dispersion model using River st. meteorologic
data are in the parentheses. '




and 06/20/88). The probability of finding two or more matches
out of five independent trials (or days) as a random occurrence is
. 0;367,'indicating theré is no reléfiohship between the location of
the modeled and measured maximum lead conceﬁtrations. |

The analeis was again fepeated excluding the_SLAMS; the
results are shown in Téble 9-3. Again, there weré fwo matches (the
same two as when SLAMS was ihcluded)‘of the location of the maximum
pgedicted and modeled lead cohcentrations. The probability of a
réndoﬁ match betWeen the‘loqation of the maximum observed and
maximum predicted concentrations on anyhparticular day with three
sites is 6.33. From the binomial distribution, ﬁhe piobabi;ity of
two or more matches but of 5 trials is 0.532. Therefore, there was
no evidenée for a  correlation' befween' the ﬁeasured .lead
concentrations and the lead concentrations predicted by the
dispersion model (using the River Street meteorologic data) at
these three monitoring sites, supporﬁing the results of the
analysis using the SLAMS meteorplogic data for the predicted
concentrations. It should bé noted, however, that the powerfof the
test to detect a déviation from the hypothesis of réndom matching
of the prediéted and measured maximums would be quite low with énly
five trials in the experiment.

The findings of no relationship between the maiimum measured
and modeled lead concentrations are consistentvwhether the SLAMS
¢r River Street‘meteorologic data are used, suggésting the qﬁality
of . the SLAMS data is not compfomiséd. Furthermore, the

consistently higher lead concentrations of the SLAMS (relative to

the other three sites) does not appear to influence the finding of




no relationship between the modeled and measured concentrations
since the results are the same whether the site is included or

excluded from the analysis.

9.1.2. Friedman Nonparametric ANOVA for Lead. In the preceding
modified sign tests, an attempt was made to establish a direct
relationship between the predicted and measured lead levels. : In
this analysis the pattern in the ranked 1evéls of lead was
established for the two data sets (measured and predictéd)
separately. These two pattgrns were then compared to evaluate the
concordance between them; This test was conducted using only the
concentrations predicted froﬁ the air dispersion model using the
SLAMS meteorologic data, since a pattern of relative rankings for
the four sites could not be ascertained using the 1limited
meteorologic data available for River Street. Additionally,
information gleaned from conducting the modified sign test with
these data showed the results were similar using both meteorologic
data sets. |

The daily ranks of the .four samplihg sites based on both
measured and modeled lead concentrations are shown in Table 9-2,
Only days for which both the measured data were‘available for all
four sites and the meteorologic data were available for estimating
concentrations by the dispersion model were analeed;’eleQen days
were used (08/19/88-in Table 9-2 was excluded).

The Friedman test statistic based on the ranks of the measured
concentrations was 13.4, which -has a p-value of 0.0038. This

indicated a statistically significant difference between the sites




for the measured concentrations of lead. The Friedman test
statistic for the ranks of the modeled concentrationé was 11.5 with
a p-valﬁe of 0.0095, also indicatihg_ai significant differenCe
between the sites. | |

The average fanks for the eleven days assodiated‘with the four
sites; shown in Table 9-4, indicéﬁe that the measured and the
rmodeled. conéentrations did. not follow the same patteth - The
dispersion model prédicted the highest rank (i.e., lead
concentration) to occur at Watkins Avenue and the lowéSt at‘Roﬁte
4. ‘The actual measured lead concentration ranked nighest-atzsLAMS‘
and lowest at River Street. | |

Because ofifhe possibility that SLAMS was receiving lead from
an unidentified source as discussed in Sections 9.101, the analysis
was repeated without that site. Table 9-3 shows the ranks of the
measured and predicted concentrations fof the fenldayS'for'tﬁe
‘remaining"three sites. The Friedman test . statistic baséd ‘on
measured concentrations is 3.13 with a p-value of 0.209. The fest
statistic based on tﬁe modeled ranks was 9.56 with a é—value of
0.008. The average ranks associated with the three sites are shown
in Table 9-5. The average ranks for the modeled concentrations
suggest thefe should be a difference in lead concentration due to
‘the MWC, while the ranks of the measured concentrations do'not show
Vthis,difference.’ |

The Friedman ANOVA test for the rank of the modeled and
measured concentrations 'indicated the sites differed = in

concentrations. However, the pattern of 1lead concentrations

(highest to lowest concentration) differs between;the modeled and




TABLE 9-4

Average Ranks of Lead Concentrations for Four Sampling Sites

Average Rank

Site Sample Size Measured 'Modeled
SLAMS 11 3.55 2.73
Watkins Ave. 11 2.50 ° 3.32°
River st. 11 1.59 2.41
Route 4 11 2.36 ) 1.55




TABLE 9-5

Average Ranks of Lead Concentrations for Three Sampllng Sites
(Excludlng SLAMS)

Average Rank

* Site ‘Sample - Size i Measured Modeled
Watkins Ave. 11 2.22 2.64
River st. 11 1.59 2.00
Route 4 11 2.18 ‘ 1.36




measured concentrations. This finding indicates that,thetMWC ié‘
not the primary contfibutor of lead to the monitoring sites.. Had
the MWC been the primary contributor, the pattern should have been
the same. The results of the Friedman test excluding SLAMS differ
from those including the SLAMS (showing a statistically'significant
difference between the sites), reaffirmingvthe-bbservationtthat the
higher lead concentrations at SLAMS may be due to additional
sources of lead. |

The results of both the modified sign test and the. Friedman
ANOVA suggest there are other sources cqntfibuting to the measured
lead levels and that the MWC is not the primary‘source responéible

for the measured lead levels.

9.2. COMPARISON OF MODELED AND MEASURED PCDD/PCDF - .

The statistical comparison of the measured @ and modeled
concentrations of PCDD/PCDFs involved the .conversion of . the
PCDD/PCDF isomer concentrations to 2,3,7,8-TCDD equivalents. The:
actual measured concentrations of‘individual isomers or congeners
would have been the most appropriate variable _for comparison with
the modeled concentratiéns. However, 1lack ‘of adequate isomer-
specific detectable concentrations for ;déys ~on. which: the .
incinerator was operafional and lack of correséonding meteorologic
data needed for air dispersion modeling precluﬁe such a comparison.
For example, 2,3,7,8-TCDF was detectable at oﬁe 6r more monitoring
sites on only 6 days, and 2,3,4,7,8-PeCDF was detectable at one or

more mohitoring sites on only 4 days, for which there are

neteorologic data and the incinerator was operating. Detectable

v




concentrations of 2,3,7,8~TcDD, 2,3,7,8-HxCDD, and 2-,v3,.7,‘E‘$-Pe.C.DD
occurred primarily during late 1988 and early 1989 when the
incinerafor was not operating. OCDD was measured. in ambient air
. on nine days at concentrations greater than that'detected.in thé
fieid blanks and method blanks. Since the OCDD concentrations for
the nine days reflected concentrations present in ambient air and
not ﬁust contamination from reagents and the analytiéallpropedures,
they could be comparedzto the modeled cohcehﬁrationé'possible for
.these dayé.

There is uncertainty attendant in using the 2,3,7,8-TCDD
‘equivalent concentration in this context. As discussed in Section
3.1.4., the.2,3,7,8-TCDD equivalent concentration in ambient air
is calculated by épplying both assumptions of proportionality of
isomers and equivalence of concentration to the detection limit if
thé isomer-specific concentfétion was not déééctable, and the TEF
approach (the specifiés of these calculations are delineafed in
Séction 3.1.4.). “The vresultant cohcentratibn represents a
concentrétioh."weightéd";by the toxicity of the isomers and has
been used for the determination of human health risks (U.S. EPA,
1989). The use of the 2,3,7,8-TCDD equiﬁalent concentration
introduces uncertainty since PCDD/PCDF congener profiles (described
in Chapter 8) may be éltered during trénsport and deposition
(Eitzer and Hites, 1989). However, since the ﬁrocesseS'by'which

these profiles are altered are not fully understood,‘possiblé

changes in congener profiles have not been accounted for here.




9.2.1. Modified Sign Test Analysis for PCDD/PCDF. The modified
sign test was performed twice, -once using the 2,3,7,8-TCDD
equivalent concentrations and once using OCDD concentrations.
These measured concentrations were compared with the concentrations‘
predicted by the dispersion model using'meteOrologic data collected
from SLAMS; all four monitoring sites were compared. The mocifiea”
sign test was not repeated for the 2,3,7,8¥TCDD equivalent.or oCDD
concentrations predicted by dispersion modeling using the River
Street peteorologic data, as there were only three days for which
complete information was available and the power of this test for
detecting a correlatlon is very low with only three trials.

Data for the calculated 2,3,7, 8 -TCDD equivalent concentratlons
(henceforth referred to as "measured") and modeled concentratlons
were available for nine days when the combustor was operatlng The
relative rankings of the four sites for these dates are listed in
Table 9-6. | |

Results of the modlfled sign test indicate that the modeled
maximum c01nc1ded with the measured maximum concentratlon on 51x
of the nine days (01/16/88 Watk;ns Ave., 03/16/88'Watk1ns Ave. and
04/21/88 River Street, 05/27/88 Watkins Ave., 06/20/88’Watkihs
Ave., 08/07/88 Watkins Ave.). The prbbabiiity that this was the
result of a random 'matchiné‘ is 0.010, showing, the number of
observed matches was greater than expected due to chance,alone.
This statistically significant finding suggests there is a
relationship between the measured 2,3,7,8-TCDD equivalent

concentrations and those concentrations predicted to occur from

the MWC emissions.




TABLE 9-6

Ranks for Four Sampling Sites Based on Both Measured® and
Modeled® 2,3,7,8-TCDD Equivalent Concentrations

SLAMS | Watkins Ave. River St. Route 4

Date Mo Me Mo Me Mo Me Mo | Me
01/16/88 3 2 4 4 2 3 1 1
02/21/88 3 1 2 3 4 2 1 4
03/04/88 2 1 2 2 2 4 4 3
03/16/88 3 2 4, 4 1 3 2. 1
04/21/88 3 2 1.5 1 4 4 1.5 3
05/27/88 1 1 4 4 3 2 2 3
06/20/88 3 3 4 4 1.5 2 1.5 1
07/26/88 3 4 4 1 2 3 1 2
08/07/88 2 | 3 4 4 3 1 | 12 2

Me': Ranks based on measured concentration data

Mo®: Ranks based on dispersion model using SLAMS meteorologic data.




The modified sign test was conducted for OCDD, the only
PCDD/PCDF congener for which adequate data were available for
statistical analysis, as discussed above. A comparison of the
ranks of the measured co;centrations and the ranks predicted from
the dispersion model is displayed in Table 9-7. The modified sign
test applied to these data showed only one match (01/16/88 Watkins
Ave.) of the maximum predicted and maximum measured concentrations
out of nine days. The p-value for this test was 0.925, indicatiﬁg
there is no correlatlon between the measured and predlcted ocDD
concentrations. Thls was 1in contrast te ‘the 2,3,7,8-TCDD
equivalent goncentration data that suggested a correlation betweeh

measured and predicted concentrations.

9.2.2. Friedman Nonparametric ANOVA for PCDD/PCDF. The results
of the modified sign test suggested a eorrelation between the
measured and modeled wnaximum concentrations of 2,3,7, 8-TCDD
equivalents, but the results of the Friedman analyses examlnlng
the pattern in the ranked 1levels of 2,3,7,8-TCDD equlvalent
concentrations for the two data sets (measured and predicted) did
not provide strong support for that conclusion.

The Friedman test was conducted using only the concentratiens
predicted from the air dispersion model with the SLAMS meteorologic
data. The test statistic for comparing the measured 2,3,7,8—TQDD
equivalent concentrations over the four sites was 2.73, which has

a p-~value of 0.43. This indicated that the hypothesis of equality

of the four sites based on the measured concentrations cannot be

rejected; the 2,3,7,8-TCDD equivalent concentrations at the four




TABLE 9-7

'Ranks for Four Sampling Sites Based on Both Measured® and
Modeled® OCDD Concentrations

‘l ' SLAMS Watkins Ave. | River St. Route 4
Date " Mo ‘Me ‘Mé | Me Mo Me' : Mo Me
| o1/16/88 | s | s | « [ 4« ] 2] 21 1 [ 2
| 02/21/88 3 2 2.5 a4 |oa2.s 1 4
03/04/88 2 2 3 2 4 4 2
03/16/88 3 | 2.5 4 2.5 1, 4 2 1
04/21/88 3 4 1.5 | 3 4 |1.5]..1.5 | 1.5
‘A05/27788 1 4 4 2 3 2 2 2
06/20/88 3 4 2 3 1.5 | 1.5 1.5 | 1.5
07/26/88 3 4 4 3 2 | 1
-. 08/07/88 2 2.5 4 2.5 © 3 1 4

Me*:. Ranks based on measured concentration data

Mo®: Ranks based on dispersion model using SLAMS met’eoxjologic‘_data.




sites are similar. The Friedman anaiysis of the rankings‘of the
modeled concentration for the same nine days.gave a value of the
~test statistic of 7.54 with a p-value ef 0.06. While not
significant at the OQoé level, this p-value indicates that there
is more difference in the relative rankings of the four sites for
modeled concentrations than-with the measured concentrations. The
average ranks for both measuredvahd modeled concentrations of the
four sites are shown in Table 9-8.

The Friedman tests'were repeated with the OCDD concentrations.
The daily ranks of ‘the four sampllng 51tes based on both measured
and modeled OCDD concentratlons are shown in Table 9- 7 The same
nine days as used for 2,3,7,8-TCDD equivalent concentrations were
analyzed. The Friedman analysis gave a test statistis of‘3.iii(p¥
value = 0.38) for the measured concentrations of OCDD and 6.7é (b-'
value = 0.08) for the predicted OCDD values. HThis'is similar te'
the result obtained for the 2, 3 7,8-=TCDD concentrations; that 1s,
there is no statistically 51gn1f1cant difference in the measured
or modeled concentrations between the four ambient air monitoring
sites. The results of the Friedman test for 0OCDD support the
findings of the modified signﬂtest, suggesting the MWC is not the
primary contributor of OCDD to .the monitoring sites. The average
ranks for the nine days associated with the four sites are shown
in Table 9-9.

For both the 2,3,7,8~TCDD and OCDD, the average rsnks.of ;he -
modeled concentrations suggest that the concentrations should
differ but the actual concentrations are very similar as shown by .

the average ranks of the measured concentrations. While the




"TABLE 9-8 - -

Average Ranks of 2,3, 7 8-TCDD Equlvalent Concentratlons for
= : Four Sampllng Sites

Average .Rank

Site = Sample Size ’ Measured ) Modeled -

SLAMS
Watkins Ave.
River st.
Route 4

NNOR

[Co Vo 2 Vo JTo By
MWK
¢« o e :
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TABLE 9-9

Average Ranks of OCDD Concentrations for Four Sampling Sites

Average .Rank

Site Sample Size Measured Modeled
SLAMS 9 2.8 2.6
Watkins Ave. 9 2.9 3.0
~River st. 9 2.2 2.8
Route 4 9 2.1 1.6

9-22




modified sign teét ﬁas statisticaliy significant for 2,3,5,8-TCDD :
equivalent.concentrations, the results of the Friedmén aﬁalyses do
not support thévfindings.l No relationship between the modeled
andmeasured concentrations of OCDD ﬁere iound. However,,avdirect
relationship beﬁwéen'the results of the chb ahalyses and tﬁose of
l2,3,7,8—TCDD equivalent would not necessgrily be ekpected. The
2,3,7,8-TCDD equivalénts include OCDDvin the determination, albeit
OCDD has a small TEF value and would not be expectéd to contribute
substantially ﬁo the 2,3;7,8-TCDD equivalentlvalﬁe even if present
at high concentrations. Inétead, the other more "toxic" isomers
(those with higher TEF values) present at levels close or equal‘fo
the detection limit most likely influence the overall 2,3,7,8-TCDD
equivaiént conéentration as calculated in"this repoft.h This
information, then, adds uncertainty to the meaning §f a‘significgnt
statistical finding, particularly if not éupported by subsequent
statistical analyses or by other congenérs}r Taken‘together, these
results suggest the ch'is not the pfimary éohtributor to PCDD/PCDF
concentrations at the ambient air monitor;pg sites and that there

" are other‘sources_forlthese pollutants.

9.3. CONCLUSION

The stétistiéal analyses of the measured and predicted lead
and. PCDD/PCDF data suggest that there are other 'éourcesi
contributing to these measured levels’and that the MWC was not tﬁe
primary source of the pollutants. This finding is supported by the

observation.that other pollutants, which only occasionally were

found at detectable concentrations, were often located at different




l'——
sites on the same day. Table 9-1 shows the 1odation of the maximum
detectable concentrations for the pollutants. When two or m'ox.'e
pollutants that rarely show up at 1eveis above their detection'
limits occur on the same day but at different sites, such as on
03/04/88, it seems unlikely that' they would have originated from
the same source unless there were changes in the meteorologic

conditions coinciding with changes in composition of the stack

output.




10. LONG-TERM AIR DISPERSION MODELING

‘Adcirional modeling of the MWC stack emissions was»performed}
to‘;defermine‘ the magnitude of the lonc—termi ambienti air
concentrationsvcf pollutants inrRutland, The Induscrial‘Soﬁrce
Cohplex Long-Term (ISCLT) model utilized one year cf Rutland
'meteorologicrdatascollected at the metecrologic monitoriné sites
once in operation. The ISCST model as discussed in Chapter 4
predicted daily cohcentratiohs.based on the meteorologic date of
Rutland‘for the sampling days when the MWC was in cperation.l This
chapter describes bcth the ISCLT modeling methodology and the

modeling results.

10.1. MODELING METHODOLOGY

The ISCLT model was run using scme information ﬁhat'was also
incorporated into the ISCST and the initial IScLT modeling for the
placement of the monitoring sites (as discussed in Chapter 2). The
source characteristics of the MWC and meteorologic data were input
parameters for theVISCLT model. The scurce parameters, described
in Section 1.3, consisted of the same generel information about the
MWC as was used in the ISCST and previous ISCLT modeling. Exhaust
from the incinerator was vented from a single stack which was 1.040
m in diametervand 50.3 m high. The exhaust gas exited at a
temperature cf'327.60 K and a velocity of 15.24 m/s. éﬂnit emission

rate (1 g/s) was assumed so that the predicted concentrations from
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the ISCLT could later be converted to pollutant-specific
concentrations using the stack emission rate for each pollutaht.

The meteorologic data input consisted of Glens Falls, New York
cloud cover information and Rutland, Vermont wind speed and wind
direction. Glens Falls cloud cover information Qas used in the
ISCLT as in the ISCST because no such information was available for
Rutland. Glens Falls has the closest Nafional Weather Service
Station and has similar topography to Rutland (see Section 4.2.)

Wind speed .and wina direction data were collected at 3
monitoring sites in Rutland (as discusséd in Chapter 2): SLAMS,
River Street and Watkins A&enue. The ISCLT was run 3 separaﬁé
times using the available data collected at géch site during 1988.
The data of Watkins'Avenge were modeled even though tﬁé wind speeds
observed during tﬁe sumnmer months were 'much lower :than those
observed during the other months. |

The ISCLT required meteorologic data in the STability ARray
(STAR) format. A STAR summary is a statistical tabulation of joint
frequency of occurrence of wind Speed' and wind directibn
categories, classified according to the Pasquill stability
categories (U.S. EPA, 1986a). STAR summaries combining wind speed,
wind direction and cloud cover were baséd on the available 1988
data. A separate STAR summary was developed for each site. Each
STAR summary had six stability classes and a wind-speed category,
consisting of wvarious cdmbinations of wind speed and Pasquill

stability categories. The wind speed categories used for modeling
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were 0-0.89 m/s, 0.90-2.46 m/s, 2.47—4;47 n/s, 4.48;6.93 m/s,*6.94;‘
9.61 ' m/s, and 9.62;12.5 m/s. ‘

- The ISCLT was runfusing the STAR summary and anemometer
height for each ﬁonitoring site and the Urban 3 Méde. The Urban -
3~M6de was used because ‘the incineratorbwas 16cated in a rural area
with complex térrain, The ISCLT was runvwith thelsamé polarrandl
discrete receptors for each of the data sets. (i.e., Watkins Avenue,
SLAMS, and River Street) - as used for the initial long-term-
modéling. A total of 160 polar receptors and 59 discréte receptors
were used with each modelingﬂfun. The polar'recéptors'weré:located
a£ radial distances of 0.2,-0.5, 1.0, 2.0, 5.0, 10, 20, 30, 40, and
.50 km from the MWC for 16 wind_directibns. The discrete reCepfors
were used to better define the point of maximum depositioh.

. The output from=e§ch'ISCLT modeling run was a prediction' of
long-term ground-level émbient air concentrations at each of the
receptdrs»baéed~on’an emission rate of 1.0 g/s. To determine the
maximum pollutant—spedif ic ground-level ambient air concentrations,
the predicted concentrations at each.recept6r were ﬁultiplied by
the maximum measured stack emission rate of the pollutént."The
stack emission rates used were from the stack testing in March 1988

-(see Section 4.2.1).

10.2. ISCLT RESULTS
The five highest predicted concentrations and the respéctive‘

receptor. location using the meteorologic data from the 3 sites are




TABLE 10-1

Results of Site-Specific ISCLT Modeling

Direction Predicted Annual Groﬁhd-
Relative LevelaConcentratgpn of « -

UTM Coordinate to MWC Pollutant (pg m’)

River Street
661700/4829950 North, 250 m 1.4
661700/4830050 North, 350 m 1.2
661700/4829900 North, 200 m 1.1
661700/4830200 North, 500 m 0.97 .
661623/4829885 NNW, -200 m 0.94

SLAMS
661700/4829956 North, 250 m 1.3
661700/4830050 North, 350 m 1.2
661700/4830200 North, 500 m 1:0
661776/4829885 NNE, 200 m 0.99
661700/4829900 North, 200 m 0.89 -

Watkins Avenue
661700/4829950 North, 250 m 1.8
661700/4830050 North, 350 m 1.5
661700/4829900 North, 200 m 1.4 :
661700/4830200 Noxrth, 500 m 1.1
661776/4829885 NNE, 2000m 0.97

*Based on unit emission (1 g/sj (See text.)
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shown in Table 10-1. The ‘receptors having the highest ground-
level ambient air concentrations were all within 500 m of the
incinerator and were al'l ’no.rth of the incinerator. Receptors
1ocated south to southwest of the MWC were consistently the
receptors With the lowest ground 1eve1 ambient air c'oncentl.ations |
within any particular radius or distance from the 1nc1nerator.
Assuming unijt emission (1 'g/s)"; "t_he five highest concentrations
predicted using fthe SLAMS vdata ranged from 0.89 to 1.3 pug/m.
Those predicted using the Watkins Avenue data ranged from 0.97 lto
1.8 u.g/ms, and those predicted using the River Street data ranged
Afrom094 tol4ug/m. - |

~All three data sets predicted the same receptor as hav1ng the
highest ground-level amb:Lent ‘air concentrations.z --This ig a
discrete receptor 1ocated 250 m north of the MWC. 'I‘hisA discrete
receptor (661700/4829950) is the s:Lte predicted by the initial
modeling 'using Albany, ‘New York ‘data as’ having the h‘ighest,ground-—
level amblent alr concentrations. -All three Rutland data sets
predicted the same five receptors as hav1ng the five highest
ground-level concentrations, except for the River Street data which
predicted a receptor located‘l to the' northwest rai:her than the
northeast as one of the five highest p‘oin‘ts. These results support
the initial modeling using the Albany, New York meteorologic data.

The ISCLT modeling results could not be directly compared to

'~ the ISCST modeling results because both the locations of the

discrete receptors and the meteorologic information used in the




modeling differed. In genéral, however, the maximum concentrations
predicted at the polar receptors Py the ISCST using both the SLAMS
and River Street (Tables‘4-5 and 4-6) are of the same magnitude as
the maximum predicted annual ground-levei concentrations listed in

Table 10-1.

10.2.1. Pollutant-Specific Concentrations

The five-highest ground-level concentrations from the three
data sets were used ‘to estimate the concentrations of specific
pollutants. These predicted concentrations were converted to
pollutant-specific concentrations by multiplying the model-output
predicted céncentration by the pollutant—specific emissioh rate.
The pollutant-specific emission rates weré derived from stack
enission testing (see Section 4.2.1).

The five-highest predicted concentrations for the 3 data sets
for the pollutants for which an emiséion rate was available are
listed in Table 10-2. Beryllium was not detected during the stéck
emission testing (Lodi, 1988), so the emissioh rate was assumed to
equal the detection limit. JThe range of the fivéFhighest ground-
level ambient air concentrations for each ISCLT run are summarized
with the maximum emission rate measured during the stack teéting

in Table 10-3.
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TABLE 10-3

The Highest Modeled Ambient Air Concentrations
for the Three Rutland Sites

Pollutant Emission Rate (g/s) Air Concentration (ug/n?)
Arsenic 6.30x10% . 5.61x10°° to 11.3x107°
Beryllium 7.60x107%  '<6.76%10° to <13.7x107°
Cadmium 1.28x107% . 1.14x%10™ to 2.36x10?
Chromium 2.80x107 - 2.49%10° to 5.04x10°
Lead | 7.95x107* : 7.07x10™% to 1.43x10™
Mercury 3.19x107 _ | 2.84x16* to 5.74x107%
Nickel 3.58x1073 | 3.19%107 to 6.44x107
2,3,7,8-TCDD | | o
Equivalents 9.16x10°® 8.15x10°% to 16.5x10°%

*Beryllium was not detectable during stack emission testing, so the emission
rate was based on the detection limit. : -




10.3. 'CONCLUSION

The modeling using'site-specific‘Ruﬁland data confirméd the
initial modeling efforts using 1ong-termvair dispersion modeling
to locaﬁe the métedrologic raﬁd ambient air monitoring -sites.
However, there is uncertainty associated with the air dispersion
modeling as a result ofvthé lack of long-term Rutland meteoroldgic
data as input inﬁé the ISCLT model, and the use of;limited MWC
 stack monitoring daté. The air dispersion modeling was performed
Ausing limited site-specific data; the modeling was performed ﬁsing
< 1 year of Rutland wind speed and wind direction data. Ideally,
long—termlmoaeling should incorporate 5 years of meteorologic data. .
- The stack emission data were also limited; only the maximum stack'

emission rate of the 3 runs were used to estimate the maximum

- annual average concentration. Variation in stack emissions may .

have occurred as a result of varying 6perating conditions of the
incinerator, and these possible jariatidns were not ihcorporated
into the modeling.

- The modeling results, with the excepﬁion of PCDDS/PCDFs
indicate that thermajority of the pollutant levels attributable to
"the MWC may not be ‘measurable using‘ the curreht analytical
techniques. The'predictéd concentrétions of some of the chemicais
modéled were orders of magnitude less than the analytical limit of
detectioﬁ. Table 10-4 1lists the maximum predictéd'ground-level.
concentration and the aetection limit for each chenmical.

Consequently, the pollutant ambient air concentrations emitted by
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TABLE 10-4 |
Maximum Predicted Annual-Average Concentration
and Analytical Limit of Detection for Each Pollutant

Predicted Concentration ’ Limit of
Pollutant . ;(ug/nf) : Detection (ug/m?)
Arsenic ‘ 1.13%x107 ' 4.6x%107°
Beryllium 1.37:::1.0'5 2.4x10™
cadmium 2.30x107 , 1.4%107
Chromium 5.04x107 , 6.9%x107>
Lead ' 1.43x1073 | 6.1%10
Mercury 5.74x10"% ND
Nickel 6.44x%107 ’ 7.7%107
2,3,7,8-TCDD )
Equivalents 1.65.x10'7 - 6.4x107°

0ND: Not'Determined
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the MWC generally could nqt,haveAbéén measured. Sindeethe mihimum
limitsvof detééﬁion Varied for each PCDD énd.PébF'isomer, the value
inithe(table is the lowest 2,3;7}8—TCDDtéquivélehE’bonqentfétion
estimated from the ﬁeésufed ambient:aifléémples.“ Assuming this
estimate is refléctiVe of what could be measured, the 2,3,7,8—TCDD
eéuivalent~goncentrations attributable to the MWC could have been

measurable.
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1. ENVIRONﬂENTAL MEDIA RESULTS

Environmental-media were sampled in areas surrounding the
. Rutland MWC during the project in October and ﬁovember.1987, and
June 1988. Water,  sediment, soil and milk,were sampled twicé
before, and onde after, the combustor was operational, while
agricultural chps (carrot and potato) and_forage (graés hay) were
sampled only before commencement of combustor operation. The
sampling and analytical procedures have been described in Section
2.2.4 and 2.2;5. Allrenvironmental sample; were analyzed for
metals; soil, sediment, milk, produqe and fbrage were analyzed for
Pch and fCDD/PCDFs.~"V ‘

~ Samples collected iﬁ 1987 prior‘to operation of the Rutland
MWC repfesent Eackground lngls of pollutants in the environment
for comparison with those samples taken after the initiation 6f
incinérétor operations. The primary objective of sampling during
both pre-operational and operational pefiods ofrthe‘combustor is
to provide an indication of the incremental increase of pollutént
concentrations in these media, if'any,»caused by‘emissions'from
the MWC. While several sites were sampled (e.g., fér metals, five
-siteé were sampled for water’and.sediment, énd se&en sites were
sémpled for soil), each site was sampled only once‘durinq‘each
sampling round produéing a limited number of samples. Thus, a
quantitative risk assessment; éuch as determination of human.
" exposure via the food chain (U.S. EPA, 1990), was precluded‘by the
small sample sizes. Therefdre,'a qualitative risk aésessment was

performed in which samples of each pollutant in the same media
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(e.g., solil) were pooled across the varlous'sites for each sampling
round and then compared statistically. For exanple,vthe'mean
concentration for each metal for October.198§‘ November 1987 and
June 1988 was calculated for each medla and the three sampllng
rounds then compared. Addltlonally, the metal concentratlons for
the sampling rounds prior to operatlon (i.e., background)chave'been
pooled and the mean compared with the mean from‘tbe sampling round
during operation of the Rutland MWC. Statistical analyses have
been discussed in Section 5.2. | o

Milk samples collected at Route 100 (Westfield, VT) have been
excluded from statlstlcal analyses because samples were collected
only during one sampllng perlod‘(November 1987) . Slmllarly, s01l
samples collected at Creek Roadlin‘June 1§88 nave been excluded
from statlstlcal analysis of PCDD/PCDF and.PCB concentratlons s1nce,
no correspondlng samples were collected in either October or
November 1987. Thus, no comparlson of | pollutant concentratlons
before and after incinerator operation could be made for these
sites. Only background cOncentrations of pollutants for produce
and forage are presented s1nce sampllng only occurred durlng 1987.
Results for the carrot and potato have been pooled to estlmate
average produce concentratlon.

Concentratlons that were reported.by the analytlcal laboratory
as being non—detectable were conservatlvely assumed to equal the .
reported detection 1imit (i.e., thus giving‘an upper limit estimate
of concentration). Data are erpressed for each"chemicalpin the
same units as received from the analytical laboratory. Replicate

analyses of the same chemical in the same sample are averaged to
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determine a value for that saﬁple (i.e., quadruplieate ahalysis of
PCB in the same potato is areraged for that sample value);_

The results oflthe risk assessment for environmental media
.are presented in the‘follpwing seetions'according to metals,'PcB
and PCDD/PCDF. Each discussion focuses first on the envirohmental,
media sampled only prior te operations at the MWC}(preduCe and
forage),~éhd then on thbée media sampled before and durihg MWC

operation (milk, sediment, soil and ﬁater [metals only]).

1i.1. METALS

The environmental media were ‘analyzed for the folloWing'
metals: arsehic,tbery11ium, cadmium, chromium, lead,‘mercuryuend
nickel. Table 2-~5 showed the methed of analysis for ‘these
pollutants.x Date for fhe metals were-ﬁeed for risk aseesement as
received fromrthe analytical laboratory. Results for the meﬁals
are reported in Figures 11-1 through 11-16. |

;

11.1.1. Produce and Forage; Mean metal concentrations for produce
and forage are ﬁresented in Table 11-1. COncentrations for arsenic,
beryllium, chromium, 'lead, mercury‘end nickel in both produce and
forage were non-detectable. The mean concentration of cadmium;
which was detectable in produee, Qas 0.2 and 0.3 mg/kg in October
and November 1987,.respectively. The concentration of cadmium in
forage (grass hay) was detectable in one of two samples in‘NoVember

(0.1 mg/kg) and was non-detectable'in‘all other samples for both

sampling rounds.
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FIGURE 11-11
Beryllium Concentrations in Soil

Samples in Rutland, Vermont

Source: Department of Water Resources, State of Vermont
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Cadmium Concentrations in Soil

Samples in Rutland, Vermont

Sourée: Department of Water Resources, State of Vermont
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TABLE 11-1

Metal Concentrations in Milk, Produce and Fdrage
October and November 1987 and June 1988

Milk Produce® Forage®
Sample® (ug/L) (mg/kqg) (ng/kg)
Metal Date X + SD High X + SD High - X + SD . High
Value Value Value
As 10/87 ND ND | 0.5° 0.5 0.5° 0.5
11/87 ND ND 0.5° 0.5 0.5° 0.5
10-11/87 ND ND 0.5° 0.5 0.5° © 0.5
06/88 125° 125 NS NS NS NS
Be 10/87 1.0°¢ 1.0 0.30-0.10° 0.1 0.03° 0.03
11/87 1.0° 1.0 0.03° - 0.03 0.03° 0.03
10-11/87 1.0° 1.0 0.30-0.10° 0.1 0.03° 0.03
06/88 1.0° 1.0 NS - NS . NS NS
cd 10/87 NQ NQ 0.2 0.3 0.1° 0.1
11/87 NQ NQ 0.3 0.3 0.1 0.1
10-11/87 NQ : NQ 0.2+0.1 0.3 0.1 0.1
06/88 5°¢ 5 ~ NS NS NS NS
Cr 10/87 9.0+5.2 15.0 1.0° 1.0 1.0° 1.0
11/87 4.0+3.5 8.0 1.0° 1.0 1.0°¢ 1.0
10-11/87 6.5+4.8 15.0 1.0° 1.0 1.0° - 1.0
06/88 5¢ 5 NS NS NS NS
Pb 10/87 118+25 145 2.5% 2.5 2.5° 2.5
11/87 43.0+37.4 111 2.5° 2.5 2.5¢ 2.5
10-11/87 80.3+49.7 145 2.5° 2.5 2.5¢ 2.5
06/88 25°¢ 25 NS NS NS NS
Hg 10/87 ND ND 0.05° 0.05 0.05° 0.05
11/87 ND ND 0.05° 0.05 0.05°¢ 0.05
10-11/87 ND ND 0.05° 0.05 0.05° 0.05
06/88 0.2-1.0° 1.0 NS NS NS NS
<Ni 10/87 NQ NQ 2.5° 2.5 2.5° 2.5
11/87 NQ NQ 2.5° 2.5 2.5 2.5
10-11/87 NQ NQ 2.5° 2.5 2.5° 2.5
06/88 50¢ 50 NS NS NS - NS

® For October 1987, Milk n=3; Produce n-2; Forage n=2;
For November 1987, Milk n=3; Produce n=1; Forage n=2;
b For June 1988, Milk n=3
S.D. not calculated for n<3
€ No value exceeded analytical detection limits ' .
ND = Concentration not determined due to analytical problens, e.qg.,
interference -
NQ = Determined present but not quantified
NS Not sampled .

-
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Arsenic values found in produce and forage in this study were
.ndn—deéectable. The lower detgction limit was greater than the
..vaiﬁe reported by Johnsbn aﬁd Manske (1976) for potatoes (<0.1
‘;ﬁQ/g)rbut within thé rangevreﬁortéd by‘Pylgs and Woolsoh (1982)vfor'
ﬁotato flesh (0.0;—2.4 ppm) . Chromium cqncentrations;measured in
ﬁﬂis study are below the detection limit (<1.0 mé/kg). " This
fdetection limit is greater thén that reported for :chromium
qéncentrations in potato (0.15 hQ/kg)'by,U.S. EPA (1978b). Gerdes
et al. (1974) reported mercury cqncentrations of 1-123 ug/kg in
&égetable samﬁles from Texas. Concentrations of meréury in produce
ana forage in this study were below the detection 1limit (0.05
ng/kg) . Daté for background concentrations of the qther metals
(beryllium, 1lead, nickel) in produce and forégé in other
geographical areas were not immediately available . in the

literature.

'11.1;2. Milk, Mean concentrations of the metals in milk are
tfeported in Table 11-1 and in Figures 11-1 and 11-2. The milk was
collected from bulk storage'tanks at the sampling‘sites,‘
o Arsenic, cadmium, mercury and nickel were not defefmined in
milk due to analytical problems (e.g., interference) during the
October;.and November sampling ‘rounds,' and werel;not_,found at'
concentrations exceeding the deteétion limit in June 1988}J
Concentrations - of »beryllium in milk‘ did not 'exééeds the
detectién limit of 1.0 ug/L for all sampliﬁg'periods‘and sité$]

including Route 100 (Westfield, VT).
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Chromium and lead EOncentfations were found in milk in
measurable quantities at several sites in Octoﬁer.and November
1987, but were below the detection limit in June 1988. . The -
detection limit for these metals increased between the 1987 and
1988 sampling rounds. There waé, however,; no statistically‘
significant difference in chromium concentrations between the three
sampling periods when vanalyzed by a one-way ANOVA or by the
Kruskal-Wallis test. Samples collected‘prior to MWC pperatiohs
were pooled and compared with those collected during operation by
a two-sample pooled t-test. The average chromium concentrations
between the pooled pre-operation period and tﬁe opgrational period.
are similar, but could not be anaiyzed by t-test sinée the variance
of the operational period Qas zero (i.e., all values are the same).
Lead concentrations showed a statistically significant difference
(ANOVA, p=0.010) between the three sampling périods, with the
éamples collected in October 1987 being greater than the other
sampling periods (Scheffe test, p<0.05). However, since all
concentrations of lead during tﬁe operational period (June 1988)
were non-detectable and were set equal to the detection limit (the
variance was zero), and becauselthe mean concéntrations in October
and November 1987 were statistically significantly different, a
pooled t-test could not be conducted.

The lead concentration measured in milk from Route 106 is:in‘
the range of the lead concentfations of the milk samples collected
in Rutland during November 1987.and June 1988. Assuming‘the'Water
content of milk is 87% (Baes et al., .1984), the concentrations in

<

fresh milk collected from bulk storage tanks in Rutland in.June
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.1988 (<0 19 pg/g) is within the range of that reported for fresh
nilk by Murthyvet.al. (1967) (see Table 11-2). The average of the
lead concentrations (again corrected for water content): of the‘

samples collected before the 1n01nerator was operational in October -

and November 1987 (0.91 and O. 33 uag/g, respectlvely) ‘and the sample :

collected from Route 100 for  background comparison (0.25’pg/q),
howerer,’are greater than the concentrations found by Murthy et al.
(1967) - It -appears, then, thatvthe lead concentrations measured.
in milk'in Rutland are most likely representative of background
variability of lead concentrations for this area. This oonclusion
is further supported by the fact that the highest lead
concentrations.-in. milk were .found before the incinerator ‘was
operational, and that there are no significant increases in ambient -
air (see Chapter 9), s01l or forage lead concentrations. It wonld
be expected that the air, soil and food. chain would have 1ncreased
lead levels that would coincide with, or precede, contamination in’
cows:milk. Data for background concentrations of chromium in milk"
in other geographical areas were not immediately available in the

literatnre.

11.1.3. Water, ‘Sediment and Soil. Average water, sediment‘and‘
soil concentratlons of metals are presented 1n Table 11-3 and in

Figures 11-3 through 11-16. - Water ooncentratiOns _of arsenic,
beryllium, and nickel were below their respective detection limits -
at allnsites for all three sampling‘periods. ‘Cadmium and mercury
concentrations each were detectable at one site during one sampling .

period, but the measured concentration was equal to the detection
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TABLE 11-3

Metal Concentrations in Water, Sediment and Soil
October and November 1987 and June 1988

‘ : Water : Sediment , Soil
sample® (ug/L) (mg/kq) (mg/kqg)
Metal Date X % SD High X + SD High X + SD "High
' : ‘ Value - ° Value = Value
As 10/87 5° 5. .. 3,3 *1.7 4.4 5.9 *1.5 - 7.8
11/87 52 5 2.9 +1.6 5.0 4.0 +1.9 7.8
10-11/87 = S° 5 3.1 +1.6 5.0 5.0 +1.9 7.8
06/88 5P 5 2.3 +1.2 3.5 4.4 +1.2 5.9
Be - 10/87 1.0° 1.0 0.1240.08 0.2 0:16+0.07 0.3
11/87 1.0°" 1.0 " 0.20+0.07 0.3 0.17+40.05 0.2
10-11/87 1.0° 1.0 0.16+0.08 . 0.3 0.17+0.06 0.3
- 06/88 1.0° 1.0 0.1240.04 0.2 0.2 +0 0.2
cd  10/87 1° 1 0.3° 0.3 0.56+0.67 2.2
11/87 1 1. 0.74+0.54 1.7  0.56+0.11 0.8
10-11/87 © 1 1 0.52+0.43 1.7 0.56+0.48 2.2
06/88 1P 1 0.5° 0.5 0.8 +0.67 2.3
cr - 10/87 2.8+1.1 4 3.1 +2.0 0.3  14.8 +28.28 4.4
11/87 2® 2 4.3 +2.1 5.8 7.7 +6.1  21.5
10-11/87 2.4+0.8 2 3.7 42.0 5.8  11.4 +20.6  84.4
06/88 2P 2 3.6 *+1.6 4.7 16.0 +27.1  77.4
Pb 10/87 9.44+2.6 13 . 10.5 +2.1 13.8 57.5 +72.9 216.0
11/87 7.6+5.8 18 . 13.8 %6.6 25.1 44.2 +48.0 143.0
10-11/87 = 8.5+4.4 18 - 12.2.%4.9 - 25.1. .51.3 %60.8 216.0
06/88 5° 5 10.8 +4.0 15.2 79.3 +93.9 246.0
Hg  10/87 0.2+ 0 0.2 0.10° 0.10 0.18+0.22 0.71
11/87 0.2° 0.2 0.10° -'0.10 0.10° 0.10
10-11/87 0.2 0.2 0.10° 0.10 0.14+0.16 0.71
06/88 0.2° 0.2 0.02° 0.02 0.11+0.19 0.53
Ni 10/87 5P 5 4.4 +2.3 7:3 23.5 +48.4 143.0
11/87 52 5 3.6 +1.5 4.5 ° S.4 +10.2  32.4
10-11/87 5° 5 4.0 +1.9 7.3  16.9 +35.6 143.0
06/88 5P 5 5.7 2.0 7.7 19.4 +30.0  87.4

2 For October 1987, Water n=5; Sediment n=5; Soil n=7;
For November 1987, Water n=5; Sediment n=5; Soil n=7;
For June 1988, Water n=5; Sediment n=5; Soil n=7 for each. metal
No value exceeded analytical detection limits :




limit. Therefore, since the average concentrations for thesemetals
were equal for the three sampling periods, no statistica; anaiyses
could be performed. The concentrafions ?f arsehic, beryllium,
cadmium and nickel, at or equal to the detection 1limit, afe ;ess
than, or within the raﬁge of,vthe respective metal concentrations
found in other surface waters as presented in Table 11-4.
Concentrations of mercury in surface waters were not readily
available in the literature. :

Chromium and iead water concentrétions exceeded the detection
limit (Figures 11-3 and 11-4) in several samples collected. in the
pre-operational sampling periods (October and November 1987), and
these data were therefore statistically analyzed. A one-way ANOVA
of chromium or lead concentrations over thé sampling periods showed
no statistically significant difference in mean conceﬁtrétionég
When the pre-operational sampling intervals were pooled, a fw§¥
sample pooled t-test could not be conducted since all values of
chromium or lead were the same (below fhe detection limit) fof’the
June 1988 collection (variance was 0). The ﬁon-parametric analysi§
of variance (Kruskal-Wallis test) ‘showed a stétisﬁicallf _
significant (p=0.02) difference in the mean lead concenﬁrationrfor
the different sampling periods. This difference was due £o fhe
large.dlfference between the non-detectable concentrations observed
in June 1988 and the relatlvely high concentrations observed in
October and November 1987. As discussed in the methodology
section, the fact that the parametric and non-parametric analyses

did not give the same fesults suggests that the assuﬁptions made
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for the parametric ANOVA (i.e., equal variances,A'normaliy
distributed data) were not met. 1In fact, the variance for‘the
June, 1988 sampling period was zero. |

Surface water concentrations of chfomium found in Rutlahd ére
at the lower end of the range of chromium concentrations (d—112
kg/L) reported by U.S. EPA (1978b; 1980a). Similariy, léad
concentrations found in this study are within the ranges for other
surface waters (3-1000 rg/L; Koop, 1970; U.S. EPA; 1986d), but
greater than those found in remote streams (mean concentration 3;7
kg/L; Hem, 1970).

The:méjority of metals, with the exception of cadmium and
mercury, were found to be present in sediment in concentrations
above the detection limit (Figures 11-5 tﬁrough 11-9). Only one
sample each of cadmium and mercury were detectable. Excepf for
these two metals, statistical aﬁalyses did not show ‘any_
significant differences in mean conéeptratibns of any metals when
compared across sampling periods, nor when the pre-operation period
(October and November 1987) ‘was compared with the operational
period (June 1988). Mercury concentrations in sediment wére
statistically significantly .lower in‘June 1988 than both of the
1987 sampling periods (Kruskal-Wallis test, p = 0.00091). This;
however, is attributable to the lower detection limit for the'1988
analysis. Similarly, cadmium concentrations inv sediment were
statistically significantly lower in October 1987 than in November

1987 or June 1988 (Kruskal-Wallis test, p = 0.0018) due to the
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‘lower detectlon limit durlng that sampllng perlod.'MThe November
1987 and June 1988 sedlment cadmlum concentratlons were not
statistically s1gn1flcant1y dlfferent. : Mercuryl and 1ead
concentratlons in sedlments were not readlly' avallable jn 'the
llterature. Arsenlc sedlment concentratlons found Jn thlS study
are in the range (<10 pg/g) of those reported by Cerellus (1974).

| - The concentratlon of the majorlty of metals 1n s0il exceeded
the vdetectionlnllmit.:'Mean soil conoentratlons ofw'metals are
reported‘in Table 11-3 and:Figuresrll-ll through 11416. ”éCii
concentration of metals, partlcularly chromiumn, lead‘and’niokel
appeared to be much hlgher at the MWC/Rte 4 sampllng site than the
other sampllng sites. However, thls pattern (MWC/Rte 4
'con51stently the hlghest metal concentratlons) was observed at all
three sampling perlods. Th:Ls resulted in a stat1st1ca1 des1gn that
was balanced "and, thus, parametrlc statlstlcal analyses showed no
dlfference in the means between sampllng perlods for any of the
metals. Non—parametrlc analyses (Kruskal—Wallls test) showed
statlstlcally s1gn1f1cant dlfferences between sampllng perlods for
cadmlum and mercury soil concentratlons.: This was attrlbutable toh
differences in the detectlon 11m1ts of the analytlcal methods at
the dlfferent sampllng perlods and also to the large number of tied
ranks in these rank- Lransformed analyses. Ther s011 metal
concentrations in Rutland were generally within the 1ower range of

values reported for background and/or ‘farm soil concentratlons.

Table 11-5 lists concentrations of metals in”soil.
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11.1.4. COnclnsion. Overall, these results indicate that tnere
were no apparent increases in metai concentrations in the
environmental media during the period the Rutland MWC was
operationai relative to the period prior to combustor operation,
However, because many metal concentrations were non-detectable and
assumed equal to the 1limit of ‘detection and because method
detection limits often changed. between sampling periods, this
conclusion contains some uncertainty. It is still possible that,
had lower concentrations of these metals been gquantifiable,
differences between sampling periods (operational . vs. non-

operational) might have been observed.

11.2. PCB

The analytical results for PCB were reported as congener—
specific concentrations for both the field samples and method
blanks. As discussed in Chaﬁter 2, congener concentrations for
each sample were analyzed by HRGC-HRMS,'corrected by the respective
detected method blank and then.summed to .estimate the total PCB
concentration present in each sample. Total PCB concentrations in
the environmental media are reported ianable 11-6 and Figures 11-

17 through 11-19.
11.2.1. .Produce and Forage. The concentrations .of PCB in the

produce and forage range from 1.86x10° (carrot) to 6.18x10° (potato)

Pg/g. The produce collected.during October 1987 had an average PCB
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~concentration of 4.02xldspg/g and thé potato collected in November
1987 had a concentration of 2.53x10° pg/g. Replicate analyseé of .
the same potato were averaged to determine the value for that
potato (i;e;, the duplicaté analyses of the potato collected at
- Quarterline on 10/09/87 were averaged to determine the value for
the potato at that coilection period). The average' PCB-
concentrations'in forage were 5.26x10° and 3.82x10° pg/g during
October and November 1987, respectively. |

The PCB concentrations in produce in Rutland are similar to
those éoncentrations found elsewhere. Carey et al.7(1979) did not

detect any PCBs in érop samples collected from 1483 sites in 37

states.

11.2.2. Milk, Sediment and séil. The resﬁlts of the analyses of
milk, sediment and soil samples do not indicate that - PCB
cdncentrations in these environmental media increésed due  to
‘deposition’of PCBs from the stack emissions, but indicate the
concentrations are similar to those found élsewhere.
| A one-way ANOVA' was performed to compare the = total

concentrations of PCB in milk for each sampling round (i.e.,

October 1987, November 1987 and June 1988). The average PCB

concentration in .milk for the 'sémples - collected after the

commencement of MWC operations (8.73x101 prg/g) was statistically

significantly iess than the average cqncentrations in samples

collected in October (2.39x102 pg/g), but not significantly

"
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different from that for November 1987,.(1.12310 pg/g). . The
Kruskal-Wallis nonparametric ANOVA . showed now,statlstlcally
significant differences between mean milk PCB concentratlons for
any of these sampling periods.

Slnce the October and November 1987 mllk PCB concentratlons
were statistically 51gn1flcantly dlfferent they‘ could not be
pooled for comparison of prefoperatlonal and operetlonel
concentrations. Yet, it can be concluded that operation of the MwWC -
is not the likely source of the mllk PC; concentratlons 51nce June
1988 levels were below both pre-operatlonal sampllng perlod
concentrations. Due to the small numberﬁof milk samplesfapelyzed,
however, this conclusion contains a degree of uncertainty;thet
cannot be estimated precisely. | - )

A milk sample collected‘at Route,ldo (Westfield,_VT.) during
November 1987 was used for background comparison; This sample had
a PCB concentration of 1.32x10? pg/g} The concentration of this
single background sample is similar to the concentrationvrangelof
the samples collected during November 1987 and June 1988, but  is
less than the concentrations in samples collected during October
1987. No statistical tests were performed to compare,the_Rutland
concentrations to that of Westfield sincevohly5one,semple.was
collected in Westfield.

The average PCB soil concentration’for June 1988 was.4.§6x10“
pg/g. While this value is less than the average concentration.ln

‘- October 1987 sanples (1.29x1&5pg/g)( and slightly greater,than the
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“éVerage concentration in Novembef‘1987v(3.25x104 pg/g),ithe’ﬁeans
‘for these sampling periods are not statistically signiﬁiéantly(,
‘different. -

The average PCB ‘concéntrations ‘deteéted‘ in Rutland soil
samples‘are within the PCB conqentfation ranges fdﬁnd’in'other
areas. ;For'example,'Carey et al. (1979) sampled soils from five
U.S. urban areas (43-156 samples per site) in 1971; concentrations
‘“were detected in three areas with PCB levels rangiﬁ@“fr%m32.0x104
to 1.19x107 pg/g. Creaser and'Férhandeé (1986)'éha1yZed;99‘soil
Sampies to estimate background concentrations 'in Britiéh soils.
PCBs were identified in all sdﬁplés within the range of 2.3x10° to
‘4;44x105 pg/g.

The average PCB sédiﬁent concentration . of (the samples
‘collected during June 1988 (8.27x10° pg/g) is similar to éhé
avefége concentration of the October 19é7“samples'(7.§4§iosfpg/g),
but is apprOXimatély one-half “thé'aVeragé cohcgntraéidn 6f”thé
'Novémber 1987 samples (1.81x10* pg/g);'.Thé average concentration
'in - the November samples is high due to the high concentration
measured at Rocky Pond (5.08x10° pg/g). The mean concentrations of
the samples collected dufing these three periods,»hcﬁéﬁef; aré‘nbt
statistically different. »

The PCB levels found in ﬁhe sediment in Rutlahd'éfe 1éss fhan
thpse found elsewhere in the Uniﬁed>states. PCB levelé'ofjé.SXiO4
to 5.4x10° pPg/g have beenvdetected in the sediments from four

remotefhigh—altitude lakes in the Rocky.Mountain National Park
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(Heit et al., 1984). Sediment from the Milwaukee harbor has been -
found +to contain PCB levels of 1.03%10° to 1.34x10° pg/g

(Christensen and Lo, 1986).

11.2.3. Conclusion. The effect of incinefator emissions on total
PCB concentrations in forage and produce could not be detefmiﬁed,
since these media were only sampled prior to MWC operations. No
difference in total PCB conceritrations was found in milk, sediment

or soil sampled both before and during incinerator operations.

11.3. PCDD/PCDF

The analytical results for the PCDD/PCDFs in env1ronmental
media were reported as follows. Concentrations were blank-
corrected and converted to 2,3,7;8-TCDD equivalent concentrations
as explained in Section 3 and presented in Table 11-7 aﬁd'ih
Figures 11-20 through 11-22.. Means presented refer to 2,3,7,8-
TCDD equivalént concentrations. Since only the octachlorodibenzo-
p—dioxin (OCDD) congener  was. consistehfly detected in' the
environmental media, mean concentrations of this congener (as
reported by the analytical laboratory) were also compared for thé
various sampling periods. These daté are presented in Table 11-

8-

11-44 -




patdues 30N = SN
£>U JI03J po3RINOIRO 30U *‘Q°S

g=u JUSUTPES !G=u TTOS !g=u XTTH ‘8861 sunp Iod |

G=U JULUTPIAS !G=U TTOS !g=U ATTW !Z=U sbeiog !(1=u sonpoad wamﬁ I9qUSAON I04 |

G=U JUBWIPIS {G=U TIOS !¢f=U YTTH !2Z=U 8belog !z=U aonpoad ‘.L86T I270300- I0J e

6v°G ¥ 95°S 666 F T6'9 SE'L F €6°L jusuTpes
¢'61 F v°2I vE'S F 66°¢C 21T F LT | 1108
62T°0 ¥ L6E"0 LYT*0 F 602°0 ~ ¥T0°0 F £2£°0 : ATTH
SN 88 ¥ 01°9 mummﬁom

SN V6 1°11 p2oNPo1d

omme sunp. gL86T T0qUBAON ¢L86T 1940300 eTPON

potasg butidues

o

(6/6d) (as ¥ x)

BTPOW TEIUSWUOITAUFZ UT SUOTIRIJIUSOUOD ucmam>ﬂsww aaol-8’L‘c'2

L-TT JT9VL

11-45




M~
a0
(o))
h 2ol
>
(o]
=

June 1988

_Creek Rd.

N~
o)
[0}
«
-
o
(®)

=

Route 3
Monitoring Site

FIGURE 11-20

TCDD Equivalent Concentrations in
- Milk Samples in Rutland, Vermont
. Source: Department of Water Resources, State ‘of Vermont

Quarterline

Conc. (pg/g)

0.5

T
Te}
N
o

11-46

0.75




ek
4

5 e @ [V
==, - )
. i -
< 3 2 59 2
© o =5 g2, 5
B /A : - =
—
5L Lo o
o 2 = v
3 2:.! D o .3
. 2 2
o < oq> “-t
- o> by
o 2 - /
- O © - -
- LU )
Q . - c 3
.9 F:ﬂ -
- AN D =]
" 2 1 O3 o
....... S0 . O :;gcr o
Bas W X c - o
B * — I.LIO-- N
- O - o y
Q > (o] — o0 o
L0 = DC o ©
o £ o©%g =
. O ENE -—
< = Z2s o
pre)
| | o W= =
| > oo ";':
) L4
| 3 Sf ¢
- e Fo a
n
o . [/ }]
S [$]
3 5
(o]
o
Z E
o .
C B
o “
o R
® N ™ -

11-47




(ng/g)

Cone.

FIGURE 11-22

11111

ntrations in

- _TCDD Equivalent Conce

Rutland, Vermont = -~ - s

Soil Samples in

State of Vermont




. G=U JUBWIPaS
g=u u:msaﬁmm mlc Haom fg=U YTTH {2=Uu @bHeaod !I=uU 8onpoid

!g=Uu TTOS

vwﬁmﬁmw 10N = SN
¢>u 103 kumﬁsoﬂmo jou ‘Qq-°s

lg=u xaaz

‘ggeT sunp 104

‘1861 IPQUBAON 104

G=u JUBWTPaS !G=U TTOS !€=U YTTH !Z=U dHeIod !z=U .20NPoad ‘LB6T I9OID0 Iod ,

29T ¥ viz, gzt F LOT 6°68 F 28T JuBUTPaS
mmmw F H«OH_ 697 ¥ 062 106 F 12S TTOS
090°0 ﬂ.hmm.o. 98G°0 F LTL'O LZL0 ¥ TV°T ATTH
SN voe 8G¥y pobeaod

SN €°L9 1°99 p20ONPOId

,886T aung 4L86T ISQUSAON . eL86T I340300 - RTP3K

poTIad mcﬂamamm

Am\mmv (as ¥ X) -

eTPOH TRIUSWUOITAUH UT wcoﬂpmhu:mocoo Aoovov caonv muoNcmnacouoHsomuoo

8~TT HIdVYL

LT

p

11-49



11.3.1. Produce and Forage. ' ﬁost of the‘2,3,7,8—TCDD‘eguivalent
average concentrationsvwere derived from Values that Were:non—
detectable but were conservatiﬁely set equal to the detection
limit. The average concentrations in the forage and produce ranged
from 4.88 to 11.1 pg/g, as shown in Table 11-7. The 2,3,7,8 TCDD
equivalent concentrations "are lowest in forage samples, withr
averages of 6. 10 and 4 88 pg/g for samples taken in October and
November 1987 respectively The carrot sample had the hlghests
2,3,7,8-TCDD equivalent concentration of 11 2 pg/g Potato samplesv
collected in October and November 1987, “had average concentrations
of 10.9 and 9.44 pg/g, respectively. | B

Although TCDD contamlnation of fruits, vegetables or grains
has not been reported in the United States (all congeners of
PCDD/PCDF were not considered), 2,3,7,8-TCDD was found in locally
grown garden fruits and vegetables (concentration not reported)
following an industrial accident in Seveso, Italy in 1976 (U.S.

EPA, 1985).

11.3.2. Milk, Sediment and Soil. Table 11-7 lists average
concentrations and correspondlng standard deviations by sampling
period for milk, sediment and s011. 'The majority of ECDD/PCDF
isomer concentrations in these samples were nondetectable, and:were’
set equal to the deteCtion limit‘for the purposes of calculatingv
average 2,3,7,8—TCDD equivalent concentrations. Statistical

analyses of the milk, sediment and soil samples indicate that there
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were nolstatistically significant differencesr(ANOVA and Kruskal-
ﬁailis tests) between the concentrations of PCDD/PCDFs (as 2,3,7,8-
TCDD equivalents) detected whlle the MWC was in. operation and the
concentrations found before the MWC was operational. . Similar
results were observed when the OCDD congener data were analyzed.
No statistlcally 51gn1flcant differences (ANOVA and Kruskal—Wallls
tests) were observed between pre- operational and opexational OoCDD
concentratlons 1n soil or sedlment. However, both the ANOVA and .
Kruskal—Wallis tests 1ndlcated that the OCDD concentration in milk
was statistically 51gn1f1cantly higher in October 1987 than 'in
4 November 1987 or June 1988. | |

2,3,7, 8 TCDD equivalent concentrations of all Rutland milk
samples were w1th1n an order of magnltude of the concentratlon of
the Route 100 sample collected for background comparison (0.120
pg/g) ) The 2 3,7, 8—TCDD equivalent concentrations detected in milk.
from cows around the Rutland fac:Llity, both before and during
operation of the MWC, are also within an order of magnitude of
those reported in milk from cows 1located near indinerators in'
Switzeriand (0-2 ppt; Rappe et al., 1987).

B ‘The PCDD/PCDF concentrations detected in sediment samples in
.thls study are generally within the range of concentrations
measured in sediments exposed to combustor emissions in other
areas.v C?uczwa et al. (1984) measured sediment concentrations at
severai depths in‘Siskiwitt Lake on Isle Royale in Lake Superior,

and found similar levels. Comparable PCDD/PCDF concentrations were
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found in archipelago of Stockholm, Sweden (Rappe'énd Kjeller,
1987b), and at various locations in Japan (Yasuhéra etnal., 1987);

The mean 2,3,7,8-TCDD equivalent concentration in soil
collected in June 1988 was 12.4 pg/g. This was similar to the mean
concentration of samples collected in October 1987.(11.7 pg/g), but
greater than the average concentration of samples taken in November
1987 (3.99 pg/g). There was high variability in concentrations,ofi
- these samples. For example, the three sampling periods at the
Route 4 site had one sample that was at least fifteen times
greater, and one sample up to 42 times greater, than the other
(e.g., values of 2.32 and 96.6 pg/g for October). The average
total PCDD/PCDF concentrations in the Rutland area are greater than
concentrations found in soil samples taken from rural areas in
Europe (Rappe and Kjeller, 1987). However, the 'average values in
the Rutland area are generally within the range of. soil
concentrations measured nean stack emissions in Florence, Italy
(Berlincioni and di Domenico, 1987) and in various locations in
Japan (Yasuhara et al., 1987). For example, Berlincioni and di
Dimenico (1987) sampled topsoil from open meadows and farmland
within a 1 km radius of an, incinerator, and found comparable

results (0-500 pg/qg).
11.3.3. Conclusion. Since sanples of forage and produce were only

collected prior to commencement of operations of the MWC, it was

not possible to determine whether concentrations of PCDD/PCDFs in

11-52




theSe‘media'Were‘aItered due to combustor emissions. -In samples
of.milk,fsédiment and soil, theré were no statistically'sigpificant
incréaseé in 2,3,7,8-TCDD equivalent concentrations -in samples
" collected after commencement of operations of the MWC, when
combaréd with samples taken prior to‘operation-~ However,-because'
'mény PCDD/PCDF concentrations were non-detectable and. assumed to
bé équa; tovthe limit of detection and because sampléréizes were
small, this conclusion‘containS“some‘uncertainfy. -For. the. one
congener for which concentrations were consistenthy_measurabie
(0CDD), no contribution of MWC operation to milk, sediment or soil .~

OCDD'concenérations was observed.

11.4. SUMMARY

_Small sample sizes resulting from single samples being taken
at - each field monitoring site, large numbers of samples with
concentrations at or close to the 1limit ‘of detection of the
analytical methodology and large variability. df,detectable sanmple
concentrations precluded a quantitative risk assessment (such as
determination of human exposure via the foodchain using the
oBserVéd sample concentrations as.input data) . In the qualitative
analysis performed, there weré no apparent differences' in the
'concentrations of metals, PCB or PCDD}PCDF (as 2,3,7,8 - TCDD
equivalents) in produce, forage, milk, .soil, sedimenps or water
(metals only) before or duringfthé operation of ‘the:Rutland MWC.

The measured concentrations are within the range of background
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concentrations found in»other geographical areas. The sporadic
statisticélly sigﬁificant findings are not supported by similar
altered concentrations in other mgdia, such as ambient air or the
food chain, which would have beén expected to have been altered
coincidently. The wvalues found in Rutland do not suggest
alterdtions due to operation of the MWC, and are thereforé

considered indicative of typical background concentrations.
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12. CONCLUSION

l The objective of'this multimedia, multipollutant field study
of the MWC in Rutland ‘Vermont was to determine human exposure
resultlng from.MWC emissions. With the exception of PCDD/PCDFs and
lead, the majority of pollutants in the ambient air and
environmental media were not present‘in concentrations that.could
be detected by the analytical methods employed, a direct
determination ofl the contribution of the incinerator to the
measurable concentration 'of pollutants was not possible.
Therefore, an analysis of the likelihood that the incinerator was
a primary contributor to the measured pollutant concentratlons was
'assessed using several alternative approaches.

The conclusion reached by evaluation of the collected field
samples is that the measured concentratlons of the pollutants in
the ambient air and environmental media cannot be correlated with
the emissions from or operatlon of the qWC..The MWC does not appear'
to be the primary source‘of these pollutants. Evidence for this
nconclusionrcomes from both.qualitativeland quantitatiVe evaluation
of the measured pollutant concentrations in the ambient air and
environmental media, as well as comparison with predicted'amhient
air concentrations of ‘the pollutants usind local meteorologic

information.
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Many of the pollutants wereinqt detectable in the ambient air, .
and, when they were, the sites and days at which thgy were detected,
varied. If the MWC had been " the - primary source -of these .
pollutants, the defectable concentrations would have been expected .
to occur more consistently atla given locationfahd during the time -
period when the incinerator was operéting; Instead, detectable
concentrations of - several pollutants: appeared to be randomly: .
observed at the different.monitoring:siéeswf Furthermore,zvery:high
concentrations of some of the pollutants, particularly PCDD/PCDFs,
occurred in December 1988 and January*iQSQ} whéﬂ'thevMWC was,nqt;'
operating.

The four alternative approaches employed to address ‘source
apportionment all indicatedv other sources were 1likely to be:
contributing to.the measured concentrations. In one approach, the -
possible correlation of particulate (PM-10 fraction) concentrations
for the period of November 5, 1987 thfough Oétober'6; 1988 with the
amount of waste burned daily was investigated éince many pollutants.
adhere to particulate‘ matter and many of the  pollutant
concentrations were not detedtable;‘ This. analysis did not révealv
a significant correlation between thesemvafiables,'suggestiﬁg;that,
the MWC was not the primary source of the particles in the Rutland
ambient air.

The comparison of the levels.of‘mutagehic»activity associatea;
with barticles in the ambient air with both'fhe PM~10 particle

concentration and the amount of waste burned per day further
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'supports the conclusion that the incinerator is not a significant
'soufc‘e of these pollutants. The analysis of tne reiatic»nship '
between the amount‘ lof waste burned daily and mutagenicit'y' was
conducted b‘ecause - emissions of orijanic mutagens . result fromx
incomplete combustion of municipai waste (Watts et al., 1989).
While there was .a positive correlation " between particle
concentration and mutagenic activity at all four monit:,ofing sites,
there was no correlation between the number of tons of waste burned,
per day and the mutagenic‘ activity atv»any of the sites (nor between-
the amount of waste burned and particle concentrations‘ as discussed
above) . |

" The source contrlbutlon of the pollutants mea‘ured in the
amblent air was also analyzed by comparing PCDD/PCDF congener,.
| profiles of ambient air with potential ,s‘ources., Ballschmiter et-
‘al. (1986) have suggested that the distributien patterns of the
various congenere may%indica-t_e the nature of. the PCDD/PCDFs. . It °
would -be expected that if one 'source was tne primary contributor
of - these chemicals, then the 'congener. patterns 'ofthe Rutland -
ambient . a1r and . that = source would resemble each  other. The:
PCDD/PCDF distribution patterns of homologues were found to dlffer
between the amblent air monltorlng sites as well as between the
sampling days at the same site‘, thus indicating that there were
~various local sources influencing the PCDD/PCDF profile.r The .

congener profiles of Rutland ambient air were also compared with

congener profiles of the stack emis'sione of the MWC ‘and. the.




emissions from wood burning systems. Profiles of the‘ambieht—air’%
samples collected during the winter months did not resemble either:.
the emissions from wood burning systems nor thése ofvthe‘MWé stack:
emissions. Although there was uncertainty in the interpretation:
of the profiles due to the lack of daily MWC emission data, it can
be concluded that éhe PCDD/PCDFs originated from a variety of
sources. |

The potential contribution of the MWC to. the mneasured
pollutants in the aﬁbient air was also assessed by comparing the
measured ambient air concentrations with concentrations predicted -
by air dispersion modeling with loca17meteorologi0ﬂinformation
using two nonparametric statistical - methods.‘ Only lead. and
PCDD/PCDFs (as 2,3,7,8-TCDD equivalent concentrations and 0OCDD)
were analyzed, since the other pollutants were not detgctable at
frequencies sufficient for a statistical analysis. The analysis of
lead showed there was no correlationvbetween therméasured and
' moéeled concentrations, as would be expeéted if the incinerator was
not the primary source. Additionally, it was apparent that the.
SLAMS had another significant source of lead contributing to the
measured air conéentrations. While one statistical test of"
2,3,7,8-fCDD equivalent concentrations suggested a pdsSible
relationship between .the maximum concentratién predicted to occur
from the MWC and that measured in +the ambient >éir,“ this
relationship was not supported by the other statistical test nor

by results of the statistical analysis. of OCDD. Furthermore, the
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use of 2,3,7,8-TCDD equlvalent concentratlons for .analysis of
ambient air concentrations introduces uncertalntv since. it
represents»a‘composite of both chemical concentrationzandvtoxicity
'infprmatien.
The concentrations measured.in ambient air in this study were
compared Qith those of other fural,areas. 'Arsenic and chfomium
levels in _ambient air in lrural ateas ~of the United States
(Fishbein; 1984) were below the analytical detection limits of
this study. Cohcentrations.of 2,3,7,8;TCDD equivalents for rural
areas were. not available. Howevef, the'total detected PCDD/PCDF'
Tconcentratlons have been reported for. amblent air in Oth (Czuczwa
and Edgerton, 1986;. Tiernan et ,al.,, 1988). The ,max1mum
concentrations of PCDD/PCDFs‘ detected ‘in  these studies were
s1m11ar to or sllqhtly greaLer than (within an order of magnltude),-
those detected in Rutland, Vermont in thlS study. ,
To assess the potential contribution of the MWC- to pollutantd
concentratlons in water, sediment, s0il, milk and food. chain,
parametrlc and non-parametrlc statistical comparisons of data
pooled across the various sampllng locations were conducted. The
results of these analyses indicated that, even though - many
'pollutant concentrations were.non—detectable and conservatively
set equal to the methodologic limits‘ef detection, there Qere no
lapparent increases in metal, PCB or PCDD/PCDF concentrations in the
environmental medla during the period the Rutland MWC wvas

operatlonal relative to the period prior to: combustor operatlon.
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These findings are supported by the lack of altered pollutant
concentrations in the ambient air that would have been expected to
have been altegedrcoincidentally with those of‘the_environmental
media. In aédition, the concentrations of pollutants in the
environmental media  were similar to those found at other
geographical locations. | | |

All of the foregoing approaches to assessing the contribution
of the MWC to pollutant concentrations in Rutland, Vermont contain
uncertainty related to desigh of the studf and analytical methods,
as occur in any field study. Because of practicalvlimitatioﬁs
associated with the selection of sites, the monitoring sites could
not be located at the exact point where the initial air dispersion
modeling had predicted the maximum ground-level concentrations to
occur. Additionally, there were limitations with the air
dispersion modeling. Air dispersion modeling was performed using
linited site-specific data (such as wina speed and wind direction
data). Site-specific mixing height data and stability categories
were not available and had to be derived for the ISCST model. The
modeled ground-level concentrationé of the metals, except chromium
and nickel on two days, were less fhan the detection limits ﬁsed
for the measured concentrations on these poilutants,.confirming the
results that they would not have Eeeh expected to have been

quantified.




While this field study did not show that the MWC was a primary
contributbr' to ‘the measured 1levels of pollutants, the results .

contain information about the badkground levels of pollutants and

the contributioh of other sources to the Rutland, Vermont area.
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