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PCBs are both legacy and current, inadvertent

contaminants

meta ortho

meta ortho

Aroclors manufactured/sold until 1977
Current production: inadvertently
produced in low levels during pigment
manufacture

OH-PCBs are both metabolites and
environmental contaminants
Exposure from diet, dermal, inhalation
IARC group 1 carcinogen, endocrine
disruption, neurotoxicity



Despite PCBs being banned in 1979 by the United States Congress and
in 2001 by the Stockholm Convention on Persistent Organic Pollutants,

they remain relevant today.
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Extraction and Cleanup

Samples are places in ASE cell and spiked
with 5o ng of Surrogate Standard

2. Samples extracted using an Accelerated
Solvent Extraction (Dionex, ASE 300) with
a 1:1 Hexane:Acetone mixture.

3.  Samples concentrated with a Caliper
Turbovap Il to 0.5 mL.

4.  Samples run through an acidified silica gel
(2:1 silica gel:acid by weight) column
eluted with 10 ml of Hexane.

5.  Samples concentrated to 0.5 ml,
transferred to GC vials, and spiked with
internal standard.



Including OH-PCBs in Sample Analysis

Sample Handling

PUF samples are acidified and extracted with
hexane:acetone

OH-PCBs were separated from PCBs and derivatized to
MeO-PCBs for GC/MS/MS analysis

PCB and OH-PCB fractions were cleaned using acidified
silica gel columns

SS

PCB and OH-PCB surrogate standards
Used to assess and correct recovery

IS
PCB and OH-PCB internal standards
Used to quantify target compounds




Hornbuckle Lab Methods Compared to EPA

Methods

* Pressurized fluid extraction methods using Dionex ASE 350 are
identical to EPA method 3545A.
* >100 °C
* >1500 psi
* 5 min static time after 5 min pre-heat equilibration
60% flush volume
60+ sec nitrogen purge

* Cleanup Methods are a slight variation from EPA method 3665A
* Samples run through a cleanup column with sulfuric acid acidified
silica, instead of cleanup by liquid — liquid sulfuric acid separation
* If a sample is not fully cleaned (has color), we run it through
subsequent columns, as opposed to a liquid-liquid clean up with
aqueous potassium permanganate



Time and Cost Savings of Cleaning 400 air sampling media

(PUF) in the ASE 350 Since January, 2017

Time to clean one batch
PUF cleaned per one batch
Time required to clean 400 PUF

Solvent price per 4L bottle
(variable)

Solvent volume used per batch

Batches required to clean 400
PUF

Cost to clean 450 PUF

4 days 1day
25 50

u
64days 8days |
~$25 ~$25
~10L ~4L
16 8
$1000 $200 |

We have cut the time needed to
clean PUF by a factor of 8, and
the cost by a factor of 5. With the
ASE, we also get:

* More consistent cleaning

* More contaminant removal

» Easy QA/QC data on first

and last cleaned PUF



Triple Quadrupole Tandem Mass Spectrometry

GC-MS/MS separates congeners by retention time and mass
209 PCBs and 72 OH-P(CBs

-----------------------------------------------



All 209 congeners represented in 176

chromatograph peaks

Samples analyzed with Gas
chromatography with tandem mass
spectrometry (Agilent 7000)
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Scope

Instrument

Standard
Reference
Material (SRM)

Column

Surrogate
Standards

Quantitation

|dentify all 209 PCBs, individually
resolving approximately 137 and
the remainder as coeluting peaks

GC/MS/MS

Periodically run certified SRM as
integral part of QA/QC

Primarily SPB-octyl, also use
DB-5 and DB-1701 for
confirmation purposes (SP-octy!
separates the DL-PCBs)

Use either a mixture of PCB 14,
D65, 166, or a mixture of 10 13C-
labeled PCBs, one congener from
each homolog group

All 209 PCBS quantitated using
internal standard method, using
PCB D30 and PCB 204 as internal
standards

Identify all 209 PCBs, individually
resolving approximately 137 and
the remainder as coeluting peaks

HRGC/HRMS

Include QC Check Sample with
each sample batch, ideally this is
a certified SRM

Primarily SPB-octyl, may employ
an alternate column to resolve
discrepancies, recommend DB-1

Uses multiple labeled PCBs for
each homolog group as surrogate
standards

PCBs are quantitated by either
isotope dilution or internal
standard method using labeled
PCBs, depending on toxicity and
elution order

Identify PCBs as Aroclors or as
congeners, however ability to
identify as congeners is limited

ECD or ELCD

Provide SRM data from
independent labs using method,
do not require SRM as part of
method

Column not specified, but states
congener identification should be
confirmed on a second column

Use PCB 209 when determining
PCBs as Aroclors, Use 2,2 4,4,
5,5 -hexabromobiphenyl or
tetrachlor-m-xylene when
determining PCB congeners

PCBs are determined as congeners
using PCB 209 or 2,2” 4,4 ,5,5 -
hexabromobiphenyl as internal
standard, or as Aroclors using no
internal standard



Confirmation Columns Necessary for OH-PCBs
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Confirmation Columns Necessary for OH-PCBs
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*PUF or 200 g XAD

*Surrogate
standard (PCBs
14, 65, 166)

*Accelerated
solvent Extractor,
Dionex ASE-300

®1:1 acetone:
hexane

* Acidifiedsilica gel
column

*Concentrate to~
0.5 mL
(TurboVap)

¢Internal standard
(PCB204)

*GC/MSIMS
(Modification EPA
Method 1668B)

*30 L water through
XAD

*Surrogate
standard (PCBs 14,
65, 166)

*Soxhletextraction
11

acetone:hexane

*Separationfunnel
(water removal)

¢ Acidifiedsilica gel
column

*Concentrate to~
0.5 mL (TurboVap)

*Internal standard
(PCB204)

*GC/MS/MS
(Modification EPA
Method 1668B)

*~5 g soil or wet
sediment

*Mix with
diatomaceous earth

*Surrogate standard
(PCBs 14, 65, 166)

* Accelerated solvent
Extractor, Dionex ASE-
300

®1:1 acetone: hexane

*Mix with sulfuric acid
* Acidifiedsilica gel
column

*Concentrate to~ 0.5
mL (TurboVap)

*Internal standard
(PCB204)

*GC/MS/MS
(Modification EPA
Method 1668B)

[ )

®~4 g serum

*Surrogate standard (**C PCBs 3, 15, 28, 52,
118, 153, 1280, 194, 208, 209 and 4'OHPCB
159, 13C 4' OH PCB 12, 13C 4' OH PCB 120
and 13C 4' OH PCB 187)

*Denature with HCl and propanol

eLiquid/liquid extraction by tumbling
and centrifuging
®1:1 hexane:MTBE

*Raise pHwith KOH solution
eExtract PCBs (hexane)

*Lower pH with HCl

eExtract OH-PCBs (9:2 hexane:MTBE)

*Convert OH-PCBs to MeO-P(CBs with
diazomethane

*Mix with sulfuric acid
*Elute from acidifiedsilica gel

column with hexane (PCBs) or
DCM (OH-PCBs)

*Solvent exchange DCM to hexane (OH-P(CBs)

*Concentrate to~ 0.5 mL (N-Evap)

¢Internal standard (23C PCBs 70, 111, 1238, 170
and PCB 209)

*GC/MS/MS (Modification EPA Method 21668B)
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Discovery of PCBa1 in Chicago Air

Research

niscovery 0' Nnn-Aroclor PCB important impacts on regulatory decisions in th

although its source, toxicity, and potential for

(3’31-nichlor0biphe“yl) i“ chicago exposure need further investigation.
Air Materials and Methods

I h e P< B ( on g ener S I g na | Ta ( h IC ag o) AI r Air Sampling. Air was sampled using high-vol
1 . samplers (Hi-Vols) equipped with quartz fiber fil
DINGFEI HU, ANDRES MARTINEZ, AND P A AL A 1,4  quartz
KERI ¢ HORNBUCKLE® XAD-2 resins. Hi-Vols were mounted on platforms
) n . S to the rear of two medical clinic vans (Figure 2). Tt
7 Department of Civil and Environmental Engineering, slatforms were designed to raise the sampler to t
IIHR-Hydroscience and Engineering, University of lowa, — e and lower the samle
lowa City, lowa 52242 the van for operation and lower the sampler for

] XAD replacement.

The sampling locations (Table S1) were prin
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6 4 I 5, 2008. Accepted August 11, 2008. to the students and their families for diagnosis and t

‘:] NeurOtOXIC COngenerS of asthma and related respiratory illness. When

visited the schools for clinical service, the Hi-Vols
air samples for the 6—8 h period that the van ren

- D 10XI n‘l | ke Conge ners Air samples were collected in Chicago, lllinois in 2007, and 3,3"- the school. The samplers were operated with the a:
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Atmospheric PCB congeners across Chicago
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“Department of Biostatistics, University of lowa, lowa City, IA 52242, USA
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PCBs, in order of increasing number of chlorines &= e e o 4 i 2 ey
Received 11 May 2009 system of high-vol air samplers 1 on two health clinic vans. Here we desc
Received in revised form conducted from November 2006 to November 2007. The samples were analyzed fo

30 September 2009

g ’ s J - b
Accepted 11 January 2010 using a gas chromatograph with tandem mass spectrometry (GC=MS/MS). The P

in Chicago ranged from 75 pg m=? to 5500 pg m~> and primarily varied as a funct
congener patterns are surprisingly similar throughout the city even though the
concentrations vary by more than an order of magnitude. The average profile resemk
1242 and Aroclor 1254, and includes many congeners that have been identified as

Keywords:
Spatial distribution of PCBs
Co-planar PCBs

NEQ receptor (AhR) agonists (d like) andfor The toxic eq lence
TEQ equivalence (NEQ) in air were calculated and investigated for their spatial distributior
Urban air toxics industrial complex of Chicago. The NEQ concentrations are linearly correlated

TEQ concentrations are not predictable. The findings of this study suggest that airbo
widely present and elevated in residential communities; there are multiple sources 1
locations of very high emissions; the emission includes congeners associated with d
effects and congeners associated with unidentified sources.

© 2010 Elsevier 1




Pigment
manufacturing is
an important
source of PCB
congeners in the
environment

Pigments'
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Inadvertent Polychlorinated
Blphenyls in Commercial Paint
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A polychlorinated biphenyl (PCB) that was not produced as
part of the Aroclor mixtures banned in the 1980s was recently
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surfaces. Litten et al. reporf
waters and effluent waste s
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the city. The congener

the Arctic, and several sites around the Great Lakes. In Chicago,
the congener 3,3"-dichlorobiphenyl or PCB11 was found to

bethe fifth most concentrated congener and ubiquitous throughout
d strong

Rodenburg et al. detected if]
newspapers, mag; es, and
contain color pigments (11).
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in current commercial pign

ation

trends that suggest volatilization of this cc
common outdoor surfaces. Due to these {
compound's presence in waters that rece
paml manufaclurlng famlmes we hvpmhe:

it I

Journal of t Lakes Research 37 (2011) 359-364

Contents lists available at ScienceDirect

Journal of Great Lakes Research

e u
~~I1AGLR
V=

journal homepage: www.elsevier.com/locate/jglr

Sedimentary records of non-Aroclor and Aroclor PCB mixtures in the Great Lakes

Dingfei Hu, Andres Martinez, Keri C. Hornbuckle *
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ing The University of lowa, lowa Ci

ARTICLE INFO

ABSTRACT

Article histary

municated by Erik Christensen

Index words:
PCB 11
Pigments
Paints

Pal
PCB
PCB

Three sediment cores from Lake Ontario, Lake Erie and Indiana Harbor Ship Canal were collected, segmented
and analyzed for Aroclor and non-Aroclor polychlorinated biphenyl congeners (PCBs). PCBs associated with
the commercially produced Aroclor mixtures 1248 and 1254 dominate the sediment signal and the sum of all
congeners (Y PCB) peaks in concentration and accumulation around 1970 in the Great Lakes. This trend is
very similar to Arodor production history. In the Indiana Harbor Ship Canal, PCBs appear around 1935 and
remain at very high levels between 1940 and 1980, probably reflecting the history of use at the nearby steel
mill. In contrast, the non-Arodlor PCBs in the Lake Ontario and IHSC sediment core cluding PCB11 and
heavily chlorinated congeners PCB206, 207, 208 and 209 reach a peakin the 1950, decline and peak again in
the 1970s or in the early 1980s. All five congeners have been previously measured in commerdal paint
pigment. PGB11 was found to peak about 5 years later than 3 P(Bs, and is probably associated with the
production or use history of diarylide yellow pigments. The temporal distribution profiles of these non-
Aroclor P(Bs are well correlated with the production history of paint pigments and dyes. Although it is well
known that the production of Arodor P(Bs is preserved in Great Lakes sediments, this study is the first to

P show that production of non-Aroclors are also preserved in the sediments as a record of long term trends in
T environmental expasure.

© 2011 International Association for Great Lakes Research. Published by Elsevier B.V. All rights reserved.
Introduction determine even though congener-specific analysis has become

Polychlorinated biphenyls (PCBs) have been used in an extensive
variety of applications including transformer oils, hydraulic fluids,
and paints due to their chemical
low flammability, and hxgh dleIeLrnc

plasticizers, flame retardants,
stability,

common practice.

There are very little available data concerning emissions of
inadvertent PCBs, and air emissions of inadvertent PCBs as trace by:-
products are poorly reported or unreported. However, in 2008 the
pre@nce 3,3"-dichlorobiphenyl (PCB11) was detected m air w(_hm
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Researchers find little-known PCB “pretty much everywhere”
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After a half-century of use in
products ranging from electrical
transformers to caulk to paint,
PCBs were banned in the late

as one of the “dirty dozen”
rersistent organic pollutants. But
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PCBs in Pigments
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Indiana Harbor is source of PCBs to the

surrounding communit

Environ. Sci. Technol. 2010, 44, 2803-2808

Fate of PCB Congeners in an
Industrial Harbor of Lake Michigan'

ANDRES MARTINEZ,' KAl WANG,® AND
KERI C. HORNBUCKLE*"*

Department of Civil & Environmental Engineering,
IIHR-Hydroscience and Engineering, The University of lowa,
4105 Seamans Center, lowa City, IA 52242, and Department
of Biostatistics, The University of lowa, lowa City, IA 2

Received September 24, 2009. Revised manuscript received
January 4, 2010. Accepted January 22, 2010.

We have quantified the release of polychlorinated biphenyls
(PCBs)from Indiana Harbor and Ship Canal (IHSC) to Lake Michigan
and the atmosphere. Navigational dredging is planned for

this system, and there is concern that dredging will result in
releases of PCBs. We have analyzed greater than 158 PCBs in
surficial sediment, water, suspended particles, and air. We
predicted the release of PCBs from sediments to water and from
water to air. To quantify the level of confidence in our
calculations, we used a Monte Carlo simulation for each
congener flux. We determined that 4 =+ 0.05 kg of XPCBs were
released from the sediment to the water and 7 + 0.1 kg of

Y PCBs were volatilized from the water to the air annually. We
measured input from the upstream regions of the canal
system of 45.0 kg yr~" and export to Lake Michigan of 439 kg
yr~'. The XPCBs mass balance accounts for nearly all the
PCB inputs and losses to the navigational regions. The congener
profiles in sediment, water, and air support our determination
that the contaminated sediment is a major source of PCBs
into the water and air above it. We have shown that the system
is currently a significant source of PCBs to the air and to
Lake Michigan, even under quiescent conditions.

hulled barge traffic to serve local industries, which include
a major steel mill (Mittal Steel, Indiana Harbor) and a major
gasrefinery (BP America, Inc. in Whiting, Indiana). It has not

been determined when dredging will commenci
a confined disposal facility (CDF) has been constr
to the site in East Chicago, Indiana. Despite thes
dredging, the impact of removing the contamii
mentsis unclear (12). In fact, even in the absence
the current fate of PCBs in the sediments is un

We have previously shown that PCBs in t}
sediment of IHSC resemble the commercial mixt
1248 and are comparable in magnitude to thost
as Superfund sites by the Comprehensive Env:
Response, Compensation, and Liability Act. The
tions range from 53 to 35000 ng PCB g™ dry wq
of sediment (13).

The goal of the study was to investigate th
quantify the release of PCBs from the sediments t(
as well as from the waters to the air above
quantitatively evaluate the uncertainty over a wi
an annual basis. We hypothesized that PCBs are cc
released from the sediments to the water. Furth
hypothesized that once they are released from the
PCBs are exported from the canal into Lake Mi(
also emitted to the air over the canal. To test our h
we measured PCB congeners in the air, water, a!
sediment in the canal and modeled the potential
predicted the release and emission of PCB cony
function of their physical—chemical properties
meteorology, and the levels of PCBs in each o
ronmental compartments. We used a Monte Carlo
approach to assess our confidence in the mode

Methods

We conducted an intensive sampling expeditiol
samples of surficial sediment, water (dissolved
suspended particles), and air (gas phase) in the
study was designed for an internally consistent ar
sample set of 158 PCB congeners quantified in
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HIGHLIGHTS GRAPHICAL ABSTRACT

* AERMOD was used to model atmo-
spheric dispersion of PCB emissions
from IHSC.

« Emissions from IHSC contributed ca.
15% of the observed concentrations
above water, and ca. 10% at a nearby
school.

o Exposure estimates from annual to
24 h averages independent of data
sources for observed and modeled
coastal meteorology.

e Observed enriched PCB3 samples
suggest a nearby non-Aroclor source.




PCB flow rates through passive samplers are a

function of local meteorology
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ABSTRACT: We have developed and evalug
effective sampling volumes (V.g) of PCB
polyurethane foam passive air samplers (PUF-
speed, air temperature, and equilibrium partit
the samplers. The model, provided as an an
function of physical-chemical properties of {
closest Integrated Surface Database (ISD) d
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ABSTRACT: Passive air samplers (PAS) including polyurethane foam
(PUF) are widely deployed as an inexpensive and practical way to sample
semivolatile pollutants. However, concentration estimates from PAS rely on
constant empirical mass transfer rates, which add unquantified uncertainties
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OH-PCBs are present in Aroclors, sediments

and ambient air
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ABSTRACT: Hydroxylated polychlorinated biphenyls (OH-
PCBs) were measured in surficial sediment from Indiana Harbor
and Ship Canal (IHSC), East Chicago, IN and five original
Monsanto Aroclors. These compounds were measured using gas
chromatography with tandem mass spectrometry (GC-MS/MS)
and certified standards that allowed us to identify 65 individual or
coeluting congeners. Concentrations in the sediment ranged from
0.20 to 26 ng/g dry weight. Profiles of most samples were similar
and were dominated by mono- to penta-chlorinated OH-PCBs.
Interestingly, most of the samples strongly resembled the OH-
PCB profiles of Aroclors 1221, 1242, 1248, and 1254, yet 25% of
OH-PCBs measured in the sediment were not detected in
Aroclors. A strong positive correlation was found between ZOH-
PCB and ZPCB (p < 0.0001) and also between many individual OH-PCB:PCB pairs (p < 0.05). Analysis
suggest PCB degradation is unlikely as a source of OH-PCBs in IHSC sediment. We are the first to report
sediment and Aroclors, and our discovery is significant because it is likely that OH-PCB contaminatif
anywhere that PCB contamination from Aroclors is present.
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ABSTRACT: We measured hydroxylated polychlorinated biphenyls (OH-
PCBs) in both gas and particulate phases in 30 Chicago air samples, the first
report of OH-PCBs in environmental air samples. Concentrations of 20H-
PCB2 and 60H-PCB2 in both phases were similar to those of PCB2 measured
in the same samples, from nondetect to 11 pg m ™~ and 12 ng g~ for the gas and
particulate phases, respectively. We found that OH-PCB2 congeners sorbed
more to particulates than did PCB2, seasonal variability was larger than spatial
variability across Chicago, and partial pressure and temperature strongly
correlated with the two OH-PCBs (p < 0.0001). Similar 60H-PCB2:20H-
PCB2 ratios were found in our air samples and Aroclors, suggesting that
Arodlors are a legacy source of OH-PCB2 congeners to the atmosphere and
appear to be volatilizing proportionally to PCBs in Aroclors. Although
degradation by the hydroxyl radical has been proposed as an efficient loss
process for airborne PCBs, we found no evidence that this mechanism results in
the formation of OH-PCB2 congeners.

B INTRODUCTION predicted to be quite short in comparison to those of their
parent PCB compounds,'*** making them difficult to detect in
the air as reaction intermediates. Still, there is no definitive
information regarding the presence of OH-PCBs (or lack
thereof) in environmental air samples.

The primary aim of this work was to detect and measure

Hydroxylated polychlorinated biphenyls (OH-PCBs) are
generally regarded as oxidation products of PCB metabolism
in humans and other organisms;'™ however, they are
beginning to be understood as environmental contaminants®
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hdividual PCBs and OH-PCBs in their blood. Concentrations
lis the first temporallv and methodologicallv consistent studv

ABSTRACT: Environmental exposures that affect accumulation of
polychlorinated biphenyls (PCBs) in humans are complex and not
fully understood. One challenge in linking environmental exposure to
accumulation is determining variability of PCB concentrations in
samples collected from the same person at different times. We
hypothesized that PCBs in human blood serum are consistent from

year to year in people who live in the same environment between 1 year

sampling. We analyzed blood serum from children and their mothers 2008- 2009-201
from urban and rural U.S. communities (n = 200) for all 209 PCBs

(median Y PCBs = 45 ng/g Iw) and 12 hydroxylated PCBs (median a .l.. APCBs & AOH-PCBs asss
Y OH-PCBs = 0.09 ng/g fv). A subset of these participants (n = 155) ' l ' l l l l l
also had blood PCB and OH-PCB concentrations analyzed during the

previous calendar year. Although many participants had similar levels
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ABSTRACT: Although polychlorinated biphenyls are no longer sold as
commercial mixtures, they are still being produced through modemn
manufacturing processes. We have previously shown that non-Aroclor PCB
11 is prevalent in indoor and outdoor air and sediment and detected in human
serum. Here we report the prevalence of non-Aroclor PCB congeners (<0.20
wt % in Aroclor) in human serum collected from urban and rural adolescents
and their mothers. We hypothesized that additional non-Aroclor congeners are
present in serum. Sera were extracted and detected for 209 PCBs using gas
chromatography-tandem mass spectrometry. A list of 70 non-Aroclor PCB
congeners was determined by measurement of original Aroclors. PCB 11, 14,
35, and 209 are the major dominating and most frequently detected congeners.
PCB 14 and 35 have not been previously reported for environmental matrices.
Adolescents have significantly lower total non-Aroclor PCB concentrations
than mothers in East Chicago (p < 0.001) and Columbus Junction (p = 0.008). There are significant differences in non-Aroclor
PCBs between East Chicago community and Columbus Junction community (p < 0.001). Non-Aroclor PCBs represent an
average of 10% (and up to 50%) of total PCBs measured in serum. An average of 50% (and up to 100%) of these concentrations
may be attributed to aryl azo and phthalocyanine paint pigments.
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HIGHLIGHTS

« Fifty-eight OH-PCBs were assessed in serum of 85 adolescents and 74 their mothers.
« Lower-chlorinated OH-PCBs were rarely detected in serum.

« Mothers had significantly higher total OH-PCB concentrations than their children.

* 4-OH-PCB 107 and 4-OH-PCB 187 changed significantly within subject across 3 years.
« OH-PCBs did not differ between subjects from the urban vs. the rural community.




School air is elevated in PCBs, causing

elevated exposure for children
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Summary

Methods with greatest impact on quality also are most efficient and cost-
effective

GC/MS/MS provides excellent sensitivity, selectivity, reproducibility

Pressured solvent extraction is useful for preparing sampling media as well
as sample extraction

Uniform methods allow useful comparison of congener signals across media,
space, and time

https://research.engineering.uiowa.edu/hornbuckle/
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