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Calculation of passive sampling rates from both native PCBs and depuration
compounds in indoor and outdoor environments
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Introduction

The global and regional distribution of persistent
pollutants (POPs) is now well understood, thanks in part
development of passive samplers that are lightweight, u
inexpensive and unobtrusive (Farmar et al, 2005; Gouin
2007; Kot-Wasik et al, 2007; Partyka et al, 2007).

Passive samplers that use polyurethane foam, soils, and
permeable membranes (Law et al., 1998; Migazweski
199%; Shoeib and Harner, 2002; Hameret al., 2004) have begl
wordd-wide and have been particularly effective in remotef
across large spatial areas, and indoors where high-volum)
plers (Hi-Vols) are impractical (Shoeib and Harner, 2002 )

Currently, the comparison between Hi-Vol data and
sampling data collected for specdific compounds, such as P
difficult due to the difference in tempaoral resolution, low def
limits for Hi-Viol samples, and differences in calculating con
tions. Researchers, however, have already compared the
ences in reported caloulated concentrations between Hi-Vy
passive samplers (Gouinet al, 2005a,b; Harneret al, 2006).
to Hi-Vol data and PAS-PUF data, PCB concentrations for PAJ
are calculated in different ways aswell. Researchers derive
pling rate, or R-value (m* d='), from either loss of depuratio

* Camrespanding authar. Tel: +1 118 384 0789; fax: +1 319 335 5660
E.mil acdress” beri awasdu (KC-

0045-6535]5 - see front matter & 2008 Ekevier Ltd. All rights reserved.
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Spatial Distribution of Airhorne
Polychlorinated Biphenyls in
Cleveland Ohio and Chicago,
llinois'
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Passive samplers were deployed across Cleveland, OH and
Chicago, IL to evaluate the spatial variability of airbome PCBs
in urban zreas. Wa measured ZPCE concentrations, ta

sum of 151 congeners or congenar groups guantified using
tandem mass spectrometry, spatial distibutions, and conganer
profias in two urban areas in tha Graat Lakas region. Mean
=PCE concentrations were significantly differant batwean
Clavalzand {1.72 + 1.16 ng m3 and Chicago (113 + 058 ng
m-3) during the August 2008 sampling pariod. Mean conganer
profiles wara compared with commercial Anochor mixtures

and fiound to be similar to Arockor 1242 in Clavaland and similar
0 a midure of 1242 and 1254 in Chicago. We observad larga
spiatial variztion in concentrations and weak or no significant
awtocomalation batwean sites in both cities. “Hot spots” of high
EPCB concentrations were identified in both urban areas

and the congener profiles at these locations were most strongly
correlated to that of PCB Aroclor mixtures. Congenar profils
showed important diffarancasinchding tha enfichment of dioxdn-
like congenars in Chicago.

Introduction

Urban areas are known sources of polychlorinated biphenyls
(PCBs) to the reglonal atmosphere (1- 13). Although a number
of studles have examined city specific PCBs concentration,
little 15 known about inter- and intracity variability of PCB
concentrations and their emission sources. Ondy a few studies.
have examined the spatial distribution of atrborne PCBEs
within large urban areas. Basu et al. ( 14) measured airborme
PCHs at two locations in Chicago, Du et al. (15) measured
alrbome PCEs at 32 sites across Philadelphia, and Hu et al.
(18 measured atrbome PCBs at 37 sltes across Chicagn
although they reported only the concentraton of one
congener (3, ¥ dichlorobiphenyl]. Historically, PCE measure-
ments of urban air have been made wsing single-site high-

* Part of the special section “Sources, Exposures, and Toxicitis
of FCBs in Humans and the Environment™,
"G i e-mail: kers o ech; phone:
(315) 364-0788; fax: (315) 335-5660.
* Department of Civl & Envimonmental Engineering, 1IHR-Hy-
dresrience and Engineeting
* Department of Occupational and Environmental Health,
! Department af Geography.
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volume (Hi-Vols) samplers (I, 3-7 8 17. Long-term
muonitoring studies of temporal trends and reglonal variations
inatrbome PCEs have also tradittionally used Hi-Vols (18-27),
but they do not represent spatial trends of PCBs across an
urban area.

Recently, researchers have tumed to passive sampling to
measure the spatial distrtbution of PCEs. Baek et al. (23) and
Yeo et al. (24) report such measurements in South Korea,
Taward etal (25) in Europe, and Pozo et al. (26) globally with
the GAPS study. Passive sampling can generate important
Information on the spatial distibution of PCBs across an
urban area First, “hot spots”, areas of high concentrattons
of PCBs can be identified (27 29) and mcse hn[ spots can
form the basis for further st
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We have measured PCBs in 184 air samples collected at 37 sites in the city of Chicago using an innovative
system of high-volume airsamplers mounted on two health clinic vans. Here we describe results of sampling
conducted from November 2006 to November 2007. The samples were analyzed for all 209 PCB congeners
using a gas chromatograph with tandem mass spectrometry (GC—S/MS). The SPCBs (sum of 169 peaks)
in Chicago ranged from 75 pg m ¥ 1o 5500 pgm T and primarily varied as a function of temperamre The

aerosol optical depth data 18 Keywords:
for meteorological conditong g
varance of concentrations 20
that our budget allowed.
varance using eq 1 as the i
relation is near O (g = 0} by
1ts metghboring sttes (£). In 23
g w2 Kis defined as 70 J§ 24

Co-planar PCBs
NEQ
21 TEQ
22 Q1 Urban air toxics

Spatial distribution of PCBs

congener patterns are surprisingly similar throughout the city even though the temperature—corrected
concentrations vary by more than an order of magnitude. The average profile resembles a mixture of Aroclor
1242 and Aroclor 1254, and includes many congeners that have been identified as being aryl hydrocarbon
receptor (AhR) agonists (dioxin-like) and/or neurotoxins, The toxic equivalence (TEQ) and neurotoxic
equivalence (NEQ) in air were calculated and investigated for their spatial distribution throughout the urban-
industrial complex of Chicago. The NEQ concentrations are linearly correlated with ZPCBs while the
TEQ concentrations are not predictable. The findings of this study suggest that airborne P(Bs in Chicago are
widely present and elevated in residential communities; there are multiple sources rather than one or a few
locations of very high emi @l includes o associated with dioxin- likeand neurotoxic
effects and congeners associated with unidentified sources.

© 2010 Elsevier Ltd. All rights reserved
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quite difficult to accurately measure the spatial distribution of
PCB concentrations and hence there are very few datasets available

PCBs are a group of 209 semi-vo latile anthropogeniccompounds to support current modeling and estimation methods (Breivik and
34 {congeners) that are commonly measured in air throughout the Alcock 2002 Breivik et al, 2002b). The difficulty is due to the
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PCB Congener Profile in Chicago Air
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Evidence for Unique and Ubiquitous
Environmental Sources of
3.3"-Dichlorobiphenyl (PCB 11)

LISA A. RODENEURG,*" JIA GUQ,"
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Departmeni of Environmenial Sciences, Rulgers Unlversify,

14 College Farm, Road, New Brunswick, New fersey 08901,
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West Tremton, New fersey 05628

Hecerved Apri 16, 2009, Revised manuscript received July
29, 2009 Accepied August 7, 2009,

Tha non-Aroclor congener 3,3 dichlarobiphanyl (PCE 11} has
bean racendy detected in air, water, biota, sadiment, and
suspendad sedimant. Although it has been known since at
least the 1970s that this congener is produced inadvartently
during tha production of diarylide yellw pigments, this work
nrosands tha fird muidanca that e nsa of thess riomants in

Environ. Sci. Tachnol. J000K, o, 000-000
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Passive Air Sampling of
Polychlorinated Biphenyls and
Organochlorine Pesticides at the
Korean Arctic and Antarctic
Research Stations: Implications for
Long-Range Transport and Local
Pollution

SUNG-DEUK CHOI," SONG-YEE BAEK,"
YOON-SEQOK CHANG,"” FRANK WANIAY
MICHAEL G. IKONOMOUW,*

YOUNG-JUN YOON"

BYONG-KEWON PARK," AND
SUNGMIN HONGY

Eavironmental Y News

Detecting a new PCB in Chicago air

Althowgh banned some 30 years
agn, PCE compounds are being
discovered in urban ambient air.
Non-Aroclor PCB (3,3"-dichlorobi-
phenyl), or PCB11, discovered in
a recent study published in ES&T
(2008, 42 |21], TET3-TETT), is
considered an "inadwvertent PCRE,”
says Keri Hombuckle of the Uni-
versity of lowa, a coauthor of the
new study. PCE11 was not one of
the congeners manufactured by
Monsanto Chemical Co., and it
has been regularly reported as
nondetectable in Monsanto's mix-
tures, Hombuckle says.

“I think it is a tremendous find-
ing,” says Bob Herrick of the de-
pariment of environmental health
at Harvard University. “Most
people have never seen anything
published about this congener,”
he adds. “The paper shows evi-
dence of something that we didn't
see [before],” says Ann Casey, se-
nior chemist with Northeast Ana-
Iytical, Inc.

PCHs are a set of 208 conge-
ners. Of that total, about 150 were
sold by Monsanto as components
of Aroclors. As much as 1400 mil-
lion pounds of PCBs was pro-
duced as Aroclor mixtures from
1920 to 1970, says Casey. She esti-
mates that 1233 million pounds of
the Aroclor PCBs was used in the
1.5, before they were banned in
18977,

Hombuckle and her colleagues
collected air samples in Chicago
from November 2006 to Novem-
ber 2007 bv using vehicle-

such
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was as much as 15% of measured spectng
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temperature), following a typical maology
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ture,”
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Hembuckle checks an air sample -
perched on top of a medical clinic van on ter for
& street in Chicago.
at Rutg
‘What makes this congener in- PCE
advertent is that it appears to there,
have been created by weather- sitivity|
ing, volatilization, or dechlorina-
tion and may not be related to
Aroclor mixtures, Hornbuckle
says. She and her colleagues
aren't sure what the source is,
but they theorize that the PCB11
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and predictions of lng-range transpart potantial. Dominance
af haawy PCBs on the roof of the main building 2t Ny-Alesund
and a concentration gradient with distance from the main
building 2t King Gaorge Island strongly indicatad the influance
af local sourcas. OCP levels were also influenced by long-
range transpoet but not by local sowrces. This study highlights
e feasibility of using passive gir samplng ta assess both lang-
range transpot and local pollution in remote regions.

Intreduction

Polychlonnated biphenyls (PCEs)
pesticides (OCPs] are classified and
organic pollutants (POPs) under the
Produced for industrial purposes, gol
emissions are relatively well establis
around Northerm midlatiiede reg)
uhiguitous, being detected regularly

[LRAT) has been identified as one of]
POPs to polar regions (5-7. Th
influence of anthropogenic activities

Partial Pressures of PCB-11 in Air
from Several Great Lakes Sites

15 Mustrated by reports of eleval
atmasphere and sediments at MchMu
Antarctica (8, 9. Antarctic solls wel
contaminated by remote and local

ILORA BASU, KAREN A. ARNOLD,
MARTA VENIER, AND ROMALD A. HITES®
School of Public and Environmenial Affairs, Indiana
University, Bloomingion, Indiana 47405

se studles suggest that both LRAT

Discovery of Non-Aroclor PCB
(3.3"-Dichlorobiphenyl) in Chicago
Air

DINGFEI HU, ANDRES MARTINEZ, AND
KERI C. HORNBUCKLE*

Department of Civil and Environmental Engineering,
IIHR-Hydroscience and Engineering, University of lowa,
lowa City, lowa 52242

Recelved July 1, 2008. Revised manuscript received August
5, 2008. Accepted August 11, 2008,

Air samples were collected in Chicago, llinois in 2007, and 33
dichlorobiphenyl (PCB11, CAS 2050-67-1) was detected and
quantified using GC/MS/MS in 81% of 184 samples. To the best
of our knowledge, this is the first published report of PCB11

in ambient air. This compound is ubiquitous in air throughout the
city of Chicago. The annual mean concentration in air
samples collected from November 2006 to November 2007 is
24 pg m~3 (24 pg m~2 SD), although the seasonal variation is
significant. The concentration of PCB11 is up to 15% of
measured polychlorinated biphenyls (PCBs) in air but only up
10 0.16% of commercial Aroclor mixtures that were banned from
production in the 1970s. PCB11 is associated with pigments,
paints, and resins and has been reported to be a dominant
congener among PCBs detected in the wastewater effluent from
paint production. The wide distribution of PCB11 in Chicago
airis consistent with volatilization of this compound from painted
surfaces although the actual source of PCB11 is unknown.

Introduction

important impacts on regulatory decisions in the future,
although its source, toxicity, and potential for human
exposure need further investigation.

Materials and Methods

Alr Sampling. Air was sampled using high-volume air
samplers (Hi-Vols) equipped with quartz fiber filters and
XAD-2 resins. Hi-Vols were mounted on platforms attached
to the rear of two medical clinic vans (Figure 2). The Hi-Vol
platforms were designed to raise the sampler to the top of
the van for operation and lower the sampler for filter and
XAD replacement.

The sampling locations (Table S1) were primarily el-
ementary schools where the mobile clinics provide service
to the students and their families for diagnosis and treatment
of asthma and related respiratory illness. When the vans
visited the schools for clinical service, the Hi-Vols collected
air samples for the 6—8 h period that the van remained at
the school. The samplers were operated with the assistance
of the trained staff at Mobile C.A.R.E. Foundation of Chicago
(Comprehensive Care for Chicagoland's Children with
Asthma). Both vans went out for clinical service usually on
the same day so two samples were collected at two different
sites on most sampling days. The air was pulled with a vacuum
pump through a quartz fiber filter to retain particles and
then through an XAD-2 resin cartridge to collect PCBs in the
gas phase. Temperature and relative humidity were recorded
every 5 min on one van by the CR800 measurement and
control system (Campbell scientific, inc., Logan, UT). The
flow pressure drop was recorded daily using a magnehelic
pressure gauge mounted on each sampler.

Sample Analysis. After collection, all samples were placed
in sealed ziplock bags and stored in a refrigerator until
shipped to the laboratory. Once the samples were transported
to the laboratory, they were logged and stored at 4 *C until
extracted. The filter and XAD were extracted by accelerated
solvent extraction (ASE 300, Dionex, Sunnyvale, CA) using
an optimized EPA Method 3545 (11). The extraction cell was
preheated for 5 min to 100 °C, followed by a static extraction

Revised manuscript received July
20,
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Experimental Section

Sampling Sites. In this paper, data
samples collected at the five United St
IADN sites from Jamary 2004 untl
remote sites are Eagle Harbor on Lake
Bear Dunes on Lake Michigan. The w
on Lake Michigan and Cleveland on L
Sturgeon Point, on Lake Erle, s within
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Sample Extraction and Cleanup
Soxhlet extracted using 50% by volur
[OmniSolv, EM Science) for 24 h. Sele
14, 65, 166) are added as surrogate re
raw extracts are then concentrated E
solvent exchanged to hexane, and fr
water deactivated stlica gel (Aldnich Ct
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Instrumental Analysis. A total of |
measured by an Agtlent 6B gas chro
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ences. The identity of this congener
60 m 1701 column (250 gm Ld. and 0
The Supporting Information shows e
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done using an internal standard meth
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Summary of the Clues about PCB11:

1.
2.

SRS

Hypothesis:

The source of airborne PCB11 is
painted surfaces (paint).

L
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Not present or trace in commercial Aroclor mixtures

Detected in the wastewater effluent from paint production (Litten
et al., 2002, Chemosphere)

Widely distributed in the urban air of Chicago and Cleveland
Global pollutant

Concentration proportional to population

Present in many consumer products

Structural similarity of with some pigment intermediates

No direct significant emission from facilities
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Paint Bases contained no PCBs

Inorganic pigments contained no PCBs

e Titanium dioxides: white
 Iron oxide: yellow, orange, red, brown and black
e Carbon black
e Umber
 Sienna
 Ochre
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Organic pigments

* Azo pigments: yellow, orange, red, brown
pigments: blue and green

e Polycyclic pigments

 Heterocyclic pigments
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Inadvertent Polychlorinated
Blphenyls in Commercial Paint
Pigments'

DIMNGFEI HU AND KERI C. HORNBUCKLE®

Department of Civil & Environmental Engineering and
HHR-Hydroscience and Engineering, The University of lowa,
Towa City, Tmpa 52242

Receiped  August 7, 2009, Revtsed manuscript recelved
September 17, 2008, Accepied November 16, 2009,

& polychlornated biphenyl (PCB) that was not produced as
part of the Aroclor mixtures banned in the 1980s was recently
reported in air samples collected in Chicago, Philadelphia,

the Arctic, and several sites around the Great Lakes. In Chicago,
the congener 3,3-dichlerobiphamy or PCE11 was found to

ba the fifth most concentrated congenar and ubiguitous throughout
the city. The congener exhibited strong seasonal concentration
trends that suggest voletilzation of this compound from
common outdoor surfaces. Due to these findings and also the
compound's presance in waters that received waste from
paint manufactunng facilities, we hypothesized that PCB11 may
be present in cument commercial paint. In this study we
maasurad PCBs in paint sold on the current retail market. Wa
testad 33 commercial paint pigments purchasad from three
local pamnt stores. The pigment samples ware anakyzed for all
209 PCB congenars using gas chromatography with tandam
mass spectromeatry (GC-MSMS). Mora than 50 PCE congenars
including several dican-like PCBs were detected, and the
PCB profiles varied due to differant types of pigments and
diffarant manufactuning procasses. PCB congeners weara detectad
in azo and phthalocyanine pigments which are commonby
used in paint but also i inks, taxtiles, paper, cosmetics, leather,
plastics, food and other matenals. Our findings suggast
soveral possible mechanisms for the inadvertent production of
specific PCB conpeners during the manufactuning of paint
pigmants.
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FIGURE 2. Examples of PCB profiles in paint pigments (top two plots) and the freq

Congener

with detected PCBs (hottom plot).
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PCBs and OH-PCBs in Serum from Children and Mothers in Urban
and Rural U.S. Communities
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