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WHAT WE THOUGHT WE KNEW (BUT IS NOT TRUE)

I. PCBs are banned from production

2. PCBs are no longer entering the environment

3. PCBs are non-volatile and the vapor phase is not important

4. Living near a PCB waste site is the worst case for human exposure
5. PCBs do not break down or metabolize

6. Diet,and especially fish, is our route of exposure

7. PCBs that bioaccumulate are the major risk to humans

8. PCBs are possible carcinogens
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Fig AC-3. Chromatogram of instrument calibration standards for all 209 PCBs, as well as surrogate and internal
standards (left) and 72 MeO-PCBs plus surrogate and internal standards (right). Each color represents a different
chlorine homolog mass transition and is quantified separately. Separation by triple quadruple mass spectrometry allows
discreet identification and quantification of more individual congeners than single quadrupole mass spectrometry can
provide.
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PCBs; and

health risk.
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1)  PCB congeners found in air;
2) Adolescents;
3) Processes that affect and are affected by the metabolism of

4)  Prioritization of most important contributors to human

Sources, Exposures, Toxicities, and Remediation of Airborne PCBs
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PCB Congeners Organized by Molecular Weight
Non Legacy Source — Hu et al, ES&T 2010
PCBs in school air are a
combination of Aroclor PCBs,
mostly.
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Many of the PCBs
in Aroclor are also

byproducts of
chemical
manufacturing

Non-Aroclor sources explain ~15%
of PCBs in Chicago air

AROCLORS

1,2,3,4,5,6,7,8,9 .10, 12413,
15,16, 17, 18+30, 19, 20428, 21433, 22,25,
26429, 27, 31, 32, 34, 37, 40+41+71, 44447465,
45, 46, 48, 49, 50+53, 51, 52, 53, 56, 59, 61+70+74+76,
63, 64, 66, 70, 74, 77, 83, 84, 86+87+97+109+119+125,
90+101+113, 91, 92, 95, 99, 102, 107, 108, 110+115, 114,
118, 123, 129+138+163, 130, 132, 134, 135+151, 136, 141,
144, 146, 147+149, 153+168, 156+157, 158, 164,
167, 170, 171+173, 172, 174, 176, 177, 178, 179,
180+193, 183, 185, 187, 190, 194, 195,
198+199, 200, 201, 202, 203, 206

NON-AROCLORS
11, 23, 24, 35, 36, 38,
39, 54, 57, 58, 67, 68,
72,78, 79, 88, 94, 98, 103,
104, 106, 111, 112, 120, 121,
127, 131, 133, 142, 148, 155,
160, 161, 162, 165, 175, 181,
182, 184, 186, 188, 189,
191, 192, 197, 205,
207, 208,

42,43, 55, 60, 81,
82, 85+116, 89, 93+100,
96, 105, 117, 122, 126,
128+166, 137, 139+140,
143, 154

‘Science of the Total Fnvironment 823 (2022) 153263

Contents ible at SclenceDircet

Science of the Total Environment

iournal homepage: www clsevier com/locate/scitoteny

Distinguishing Aroclor and non-Aroclor sources to Chicago Air
Jacob C. Jahnke, Andres Martinez, Keri C. Hornbuckle *

e TR Hylrsince & Egincrivg U Rows, e i, o 52242, USA

HIGHLIGHTS GRADHICAL ABSTRACT
« Non-Aroclor emission sources contribute

0 il homolog groups.
+ Chicago air has 2 signal of PCB congeners

lulze]
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WHAT WE THOUGHT WE KNEW (BUT IS NOT TRUE)

3 pcp . . .

4. Living near a PCB waste site is the worst case for human exposure

21

3/9/2022



i

QTR

PCBs and OH-PCBs in Serum from Children and Mothers in Urban
and Rural U.S. Communities
Rachel F. Marel(,m Peter S. Thome,m’* Kai \/\f':mg,N Jeanne DeWa]l,§ and Keri C. Hornbuckle "%+

D of Civil & Envir I Engi ing, The University of lowa, lowa City, lowa, United States, 52242
*IIHR-Hydroscience and Engineering, The University of owa, lowa City, lowa, United States, §2242
“Dep of Occupational and Envi I Health, The University of lowa, lowa City, lowa, United States, $2242

”Depan:mem of Biostatistics, The University of lowa, lowa City, lowa, United States, 52242

O Supporting Information

ABSTRACT: East Chicago, Indiana is a heavily industrialized
community bisected by the Indiana Harbor and Ship Canal,
which ilizes ~7.5 kg/yr pol inated biphenyls (PCBs).
In contrast, the rural Columbus Junction, lowa area has no
known current or past PCB industrial sources. Blood from
children and their mothers from these communities were
collected April 2008 to January 2009 (n = 177). Sera were
analyzed for all 209 PCBs and 4 hydroxylated PCBs (OH-
PCBs). Sum PCBs ranged from nondetect to 658 ng/g Iw
(median = 33.5 ng/g lw). Sum OH-PCBs ranged from
nondetect to 1.2 ng/g fw (median = 0.07 ng/g fiw). These
concentrations are similar to those reported in other
populations withont high dietary PCB intake. Differences

B between the two communities were subtle. PCBs were detected in more East Chicago mothers and children than Colambus

Junction mothers and children, and children from East Chicago were enriched in lower-molecular weight PCBs. East Chicago
and Columbus Junction residents had similar levels of total and individual PCBs and OH-PCBs in their blood. Concentrations of
parent PCBs correlated with concentrations of OH-PCBs. This is the first temporally and methodologically consistent study to
evaluate all 209 PCBs and major metabalites in two generations of people living in urban and rural areas of the United States.

Environ. Sci.Technol. 201 3
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Airborne PCBs and OH-PCBs Inside and Qutside Urban and Rural U.S.
Schools

Rachel F. Marr:k,*"‘h Peter S. Thorne,**® Nicholas 1 Herkert,”® Andrew M. Awad,”
and Keri C. Hornbuckle® "

"LHR-Hydroscience and ineering and D, of Civil & i il i The University of lowa, 103 South
Capitol Street, 4105 5C, lowa City, lowa 52242, United States

"Departmml of Occupational and Environmental Health, The University of lowa, 100 CPHB, §341A, 145 N. Riverside Dr., lowa
City, lowa 52242, United States

© Supporting Information

ABSTRACT: PCBs appear in school air because many school
buildings were built when PCBs were still intentionally added to
building materials and because PCBs are also present through
inadvertent production in modern pigment. This is of concern
because children are especially vulnerable to the toxic effects of
PCBs. Here we report indoor and outdoor air concentrations of
PCBs and OH-PCBs from two rural schools and four urban
schools, the latter near a PCB-contaminated waterway of Lake
Michigan in the United States. Samples (n = 108) were collected
as injout pairs asing polyurcthane fosm passive aie samplees
(PUE-PAS) from January 2012 to November 2015. Samples were
analyzed using GC/MS-MS for all 209 PCBs and 72 OH-PCBs

ions inside schools were 1-2 orders o

Concent
and from 4 to 665 pg/m’ (OH-PCBs). Congener profiles were similar within each sampling location across season but different
between schools and indicated the sources as Aroclors from building materials and individual PCBs assodiated with modern
pigment. This study is the first cohort-specific analysis to show that some children’s PCB inhalation exposure may be equal to or

higher than (i

ir exposure through

B INTRODUCTION been measured in people around the world including
bl 22629 Lol i

OLLDCn

Environ. Sci.Technol. 2017
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Window Caulking Light ballast

Aroclor sales directly coincide with the rise of public-school
construction from 1950-1980 (55,000 schools).
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Modern PCBs are unintentionally produced through the production

of colorants and cabinet varnishing.
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e Emissions of Tetrachlorobiphenyls (PCBs 47, 51, and 68) from
Polymer Resin on Kitchen Cabinets as a Non-Aroclor Source to

PCB Emissions from Paint Colorants Residential Air

Nicholas J. Herkert, Jacob C. Jahnke, and Keri C. Hornbuckle*®
Jacob C. Jahnke and Keri C. Hornbuckle*® cholay ], HerkertjJacob C. Jahole, and Kerl SERie

Department of Civil and Engi IIHR ience and Engi The University of lowa, lowa City, lowa
Department of Civil & i i ing, 1THR i and i ing, The University of lowa, lowa City, lowa 52242, United States

52242, United States © Supporting Information
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The EPA currently does not have a centralized, school-specific plan for airborne
PCB remediation. But Vermont does.

Exposure Levels for Evaluating PCBs in School Indoor Air (ng/m3)*

Age: 12- Age: 15-

: 6-<12 3
Agerb<tayr | o yr <19yr Age:
Age:1- | Age:2- | Age:3- — 19+yr
<2yr <3yr <6yr clementany | middle high
school adult
school school
100 100 200 300 500 600 ‘ 500

US. EPA

In 2021, the Vermont legislature required that by 2024 all schools built or renovated prior to
1980 be tested for polychlorinated biphenyls (PCBs) in the indoor air. The Vermont Department
of Health (Health) developed school action levels (SALs) to prioritize action when PCBs are
found in school indoor air. PCB levels in the indoor air of schools should be keptas low as
possible.

The school action levels are:

e 30 ng/m3 (nanograms per cubic meter) for pre-kindergarten

¢/60n 3 for kindergarten through 6 grade State of Vermont, Feb, 2022
100 ng/in? for 7th through 12t grades
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We used polyurethane foam passive air samplers to measure
airborne PCBs in nine classrooms in one school
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Room-to-Room Variability of Airborne Polychlorinated Biphenyls in
Schools and the Application of Air Sampling for Targeted Source
Evaluation

Moala K. Bannavti,’ Jacob C. Jahnke.{ Rachel F. Marek, Craig L. Just, and Keri C. Homnbuckle®

(il! This: Environ. Sci. Technol. 2021, 55, 9460-9468 E Read Online

ACCESS | L!j, Metrics & More | Article Recommendations ‘ Q ‘Supporting Information

ABSTRACT: Airborne polychlorinated biphenyl (PCB) concen-
trations are higher indoors than outdoors due to their historical use

in building materials and their presence in modern paints and LIBRARY
surface treatments. For some populations, including school
children, PCB levels indoors result in inhalation exposures that
may be greater than or equivalent to exposure through diet. In a
school, PCB exposure may come from multiple sources. We HIGH SCHOOL GYM

hypothesized that there are both Aroclor and non-Aroclor sources
within a single school and that PCB concentration and congener
profiles differ among rooms within a single building. To evaluate
this hypothesis and to identify potential localized sources, we
measured airhorne PCBs in nine rooms in a school. We found that
schoolroom concentrations exceed outdoor air concentrations.
Schoolroom concentrations and congener profiles also varied from one room to another. The concentrations were highest in the
math room (35.75 ng m ™ + 8.08) and lowest in the practice gym (1.54 ng m ™’ % 0.35). Rooms in the oldest wing of the building,
originally constructed between 1920 and 1970, had the highest concentrations. The congener distribution patterns indicate historic
use of Aroclor 1254 as well as modern sources of non-Aroclor congeners associated with paint pigments and surface coatings. Our
findings suggest this noninvasive source identification method presents an opportunity for targeted source testing for more cost-
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Release of Airborne Polychlorinated Biphenyls from New Bedford
Harbor Results in Elevated Concentrations in the Surrounding Air

Andres Marl:il:lez,*"r Bailey N. Hadno!:t,: Andrew M. Awad,” Nicholas ] Herkert,’ Karhryn_Tomsho.T
Komal Basra,” Madeleine K. Scammell," Wendy HEiger—BEmays,: and Keri C. Hombuckle®"

"Department of Civil & Environmental Engineering, IHR-Hydroscience and Engineering, 4105 Seamans Center for the Engineering
Arts and Sciences, The University of lowa, lowa City, lowa 52242, United States

"Deparlmml of Environmental Health, Boston University School of Public Health, 715 Albany Street, T4W, Boston, Massachusetts
02118, United States

Supporting Information
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ABSTRACT: Qualitatively and quantitatively, we have
demonstrated that airbome polychlorinated biphenyl (PCB)
concentrations in the air surrounding New Bedford Harbor
(NBH) are caused by its water PCB emissions. We measured
airborne PCBs at 18 homes and businesses near NBH in 2015,
with values ranging from 0.4 to 38 ng m™, with a very strong
Arodlor 1242/1016 signal that is most pronounced closest to [ VFSPH

the harbor and reproducible over three sampling rounds. Bedford
Using U.S. Environmental Protection Agency (US. EPA) Harbor
water PCB data from 2015 and local meteorology, we
predicted gas-phase fluxes of PCBs from 160 to 1200 ug
m? day . Fluxes were used as emissions for AERMOD, a
widely applied US. EPA atmospheric dispersion model, to
predict airborne PCB concentrations. The AERMOD predictions were within a factor of 2 of the field measurements. PCB
emission from NBH (110 kg year™', average 2015) is the largest reported source of airborne PCBs from natural waters in North
America, and the source of high ambient air PCB concentrations in locations close to NBH. It is Iikely that NBH has been an
important source of airborne PCBs since it was contaminated with Aroclors more than 60 years ago.
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WHAT WE KNOW NOW

=—Living near-a-PCB-waste site-is-the-werstcasefor-human-expesure = School air is a major exposure route

=—PCBs-do-net-break-down-or-metabelize

=—Dietrand-especially-fishris-ourroute-of exposure-—> PCB exposure through inhalation is equally important

=_PCB bi orris)

=—PCBs are pessible-eareinogens-——> PCBs are hormone disruptors, neurotoxicants, associated with metabolic disease,
and are known human carcinogens

Fut

pubs acs orgrest

=—PCBs-are banned-from-pr Toxicity Assessment of 91-Day Repeated Inhalation Exposure to an
Indoor School Air Mixture of PCBs

=—PCBs-are-no ohger-ente Hui Wang, Andrea Adamcakova-Dodd, Hans-Joachim Lehmler, Keri C. Hornbuckle,

and Peter S. Thorne*

Cite This: Environ. Sci. Technol. 2022, 56, 1780-1790 I: I Read Online

ACCESS | Ll Metrics & More | [ Article Recommendations | @ supporting Information

ABSTRACT: School ind i t ted with polychlori- PCB School
el T e payeren Air Misture PCB Tissue Burden

. . . . nated biphenyls (PCBs) released from older building materials and Toxicity Assessment
=—Diet;and-especiallyfishyiS  paint pigments may pose health risks to children, as well a teachers . ey @Y - t
" -9 =

and staff, by inhalation of PCBs. The health effects of long-term Feproductive system
.—PGBS—Eh&t—bieaeeHm‘H‘I&Ee' inhalation exposure to PCBs are poorly understood. We conducted . ‘ e Immunesystem |
a comprehensive toxicity assessment of 91-day repeated inhalation 91-day Blood chemistry |
exposure to a lab-generated mixture of PCBs designed to emulate  "3l3ti7n Bxposure Hormones
= i i indoor school air, i: cri c: bolomics, and .

neur . Female Sprague—Dawley rats were .
and are known human cal  exposed to school air mixture (SAM+) at a concentration of 45.5 £ i
59 yg.fm“ ¥ uwsPCB or filtered air 4 h/day, 6 days/week for 13
weeks using nose-only exposure systems. The congener-specific
PCB body burden was quantified in major tissues using GC-MS/MS. The d SAM+ vapor lated the target school air
profile with a similarity coefficient, cos @ of 0.91. PCB inhalation yielded 875—9930 ng/g ¥ asPCBigis weighs levels in tissues in the
following ascending order: brain < liver < lung < serum < adipose tissue. We observed that PCB exposure impaired memory, induced
anxiety-like behavior, significantly reduced white blood cell counts, mildly disrupted metabolomies in plasma, and influenced
transcription processes in the brain with 274 upregulated and 58 downregulated genes. With relatively high exposure and tissue
loading, evidence of toxicity from half the end points tested was seen in the rats.

KEYWORDS: Aroclor, inhal toxicity, bol G ity, polychlorinated biphenyls, PCBs, school indoor air,

Oxidative strass

'5;?"“.1‘”."1' 1 ic disease,
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Toxicity Assessment of 91-Day Repeated Inhalation Exposure to an

Indoor School Air Mixture of PCBs

and Peter S. Thorne*

- PCBs are non-volatile

Cite This: Environ. Sci. Technol. 2022, 56, 1

B e e EEE
ACCESS| Ll Metrics & More

- PCBs do not break down
ABSTRACT: School indoor air contami
. . 3 . nated biphenyls (PCBs) released from olde
=—Diet-and-especiallyfishris  punt pigments may pose health risks to chi
and staff, by inhalation of PCBs. The hea
= PGB s-that lE ioaccumulate inhalation exposure to PCBs are poorly und

a comprehensive toxicity assessment of 91-
exposure to a lab-generated mixture of PC
indoor school air, combining transeriptom
neurobehavioral outcomes. Female Sprag
exposed to school air mixture (SAM+) at a
59 yg.fm“ 2 asPCB or filtered air 4 h/d:i
weeks using nose-only exposure systems.
PCB body burden was quantified in major |
profile with a similarity coefficient, cos @ ol
following ascending order: brain < liver <lu

and are known human cai

Hui Wang, Andrea Adamcakova-Dodd, Hans-Joachim Lehmler, Keri C. Hornbuckle,

Chemical
Researchin
Toxicology

pubs.acs.org/ert

The Effects of Polychlorinated Biphenyl Exposure During
Adolescence on the Nervous System: A Comprehensive Review
Amanda J. Bullert, Jonathan A. Doorn, Hanna E. Stevens, and Hans-Joachim Lehmler™

I: I Read Online

Cite This: Chem. fes. Toxicol. 2021, 34, 1948-1952

ACCESS | [l Metrics & More | B anice | o Information

ABSTRACT: Exposure to polychlorinated biphenyls (PCBs) is impli-
cated in adverse neurotoxic outcomes. However, the impact of PCBs on
the adolescent nervous system has received inadequate attention. We

Objective of this Camprehensive Review

anxiety-like behavior, signil ly reducec
transeription processes in the brain with 2
loading, evidence of toxicity from half the

KEYWORDS: Aroclor, inhalation toxicity, :

ducted a review to identify studies of neurotoxic
outcomes fallowing PCB exposure during the adolescent period in rodents.
Only four papers were found to meet all inclusion eriteria. PCB exposure
in adolescent rats caused disruptions in the main functions of the

efrontal cortex, resulting in cognitive deficits. This comprehensive review
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MORE INFORMATION

= Keri Hornbuckle

= Email: Keri-Hornbuckle@uiowa.edu

= Lab Website https://hornbuckle.lab.uiowa.edu/

= Jowa Superfund Research Program https://iowasuperfund.uiowa.edu/

= |SRP Publications https://iowasuperfund.uiowa.edu/publications

= Pubmed Central (open access): https://www.ncbi.nlm.nih.gov/pmc/?term=hornbuckle%2C+kc
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