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e Objectives

Define chlorinated biphenyl congeners.

Historical analytical challenge.

The chemical structures of chlorinated biphenyls
Introduction of GCxGC-TOFMS and chromatographic
conditions

Two-Dimensional approach to PCB analysis

Summary and Conclusion.
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What are Chlorinated Biphenyls

Ten homologs or distinct iIsomeric groups of compounds
differing by the numbers of chlorines and hydrogens on a
biphenyl ring

They consist of mono, di, tri, tetra, penta, hexa, hepta,

octa, nona, and deca substituted chlorines in the ten
groups.

Total of 209 related members or congeners

They are considered ubiquitous environmental pollutants
— found in marine plant and animal specimens, fish, bird
eggs, and humans (m.D. Erickson 1986)
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Polychlorinated biphenyls (PCB) are a class of 209 discrete chemical compounds, called congeners, in which one to ten chlorine atoms are attached to biphenyl.(Mitchell Erikson 1986)�
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“Historical Analytical Challenges

« Chromatographers have used all conceivable
chromatographic techniques in their quest to
distinguish the 209 congeners, all to no avalil.

 Different columns with varying phases have
been employed

o Heart-cutting technique was also attempted
with modest results
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- with Time-of-Flight Mass Spectrometer

Two ovens are contained inside the GC, hence the name GCxGC,
each with opposite polarity columns (Rtx-PCB, 40m 0.18 mmID x
0.18 um and DB-17, 1m 0.1 mmID x 0.1 pm film)

Multiple windows are opened to enable multitasking of the software,
and to view instrument response as control parameters are
adjusted.

GCxGC-TOFMS Chromatographic Conditions: Carrier gas (Helium)
1.2 mL/min

Acquisition rate: 100 spectra/sec (a)
Volume injected: 1uL of sample ™ i
Acquisition: 45 — 550 m/z @ © |
Oven 1: 70 °C (0.5min) to 150 °C (0 min) at 10 °C /min, to 250 °C at @) *'l
|
|
I
I
|

1 °C /min, to 275 °C (15min) at 4 °C /min

Oven 2: 85 °C (0.5min) to 165 °C (0 min) at 10 °C /min, to 265 °C at
1 °C /min, to 290 °C (15min) at 4 °C /min

Transfer line temperature: 300 °C (b) g (e)

MOdUIatlon tlme: 4 sec lllustration of a GC x GC system: (a) injector, (b} first column, (c) connectors
H-. of columns, (d) modulator, (e} second column, (f) detector, (g) second oven

DeteCtor gal n. 1650V (in some cases) (from Marriott & Shellie 2002).

Modulator temperature offset: 30 °C

Office of Research and Development
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Chlorinated Biphenyl Congeners Arranged by Group to Provide Approximately Equal
wEPA Signal Intensities

United States Group | Mano i i Tetra | Fenla | bHews | Heet | Ot | Mona | Decs
Environmental Protection T0Z0T | 40.901 | 16007581 | 9001251 | 8201 A01 | 12803001 | 17002407 | 199HK3.25) | 206(3.25) | 20903007
Agency AT | 00T | ATI0EET [ ST A0 | SR 00T | T2OrE 00T [ 1700 | T95E0ET | 20Ty
0207 | G090 | 19085 | 9201607 | SHZ000 | 13003007 | 17208007 | 19604051 | Z08(200]
T.A0 | 19055 | 4501607 | SA(Z 007 | 1343007 | 173E007 | 197 @25
S04 | 20055 | 4901 607 | SB(Z 007 | 13203007 | 1744007 | 195825
OiANT [ E0EST |45 ADT | STCE 00T | 1SECE007 | 1TEE00) | 19985
10[0 407 | 220851 | 9601501 | S5r2 001 | 139(5.001 | 17604007 | 20004.25]
10407 | 230851 | 47(1601 | S9r2 001 | 13603.001 | 17 7(4007 | 207 (425]
120407 | 2H0E51 | 4501601 | 90c2 001 | 13605.001 | 17804007 | 20208257
THOA0T [ ZEI0E5T | SOiTA0T | SArE 00T | T30y | 17500 | 20sEEs
140407 | 260A5) | 5001500 | 920 001 | 136(3.000 | 159004007 | 20425
180407 | 270851 | 5101601 | 932 001 | 13903.001 | 15104007 | 208(4.25)
ZEOEE) | 5201607 | G4z 000 | 19003007 | 1520400
TOMIEET [ E3(1607 | SE2 007 | 1SrE 00T [ TS50
30085 | 5941607 | 62007 | 19203007 | 12404007
ST085) | &8(1607 | Gz 000 | 1433007 | 18504007
32085 | &601607 | GSZ 001 | 1943007 | 18604007
THOSE] [E71607 | GO 007 | 1860s007 [ T87rEn0)
3IH0EE) | 5501607 | 10002007 | 19603007 | 12804007
3085 | 59015607 | 10702007 | 14703007 | 15904007
360 EE) | G001 607 | 10202007 | 19803007 | 19004007
ITIOEET [ B0 507 | 1032007 | T900E007 [ 191000
3H055) | 6201507 | 1042007 | 15003007 | 19204007
30085 | 6301607 | 10502007 | 18163007 | 19304007
61507 | 1062007 | 15205000
BE(T 507 | 072007 | 15305007

R = = R 1 | - = e S A (Y 3

) BE(1 507 | 1082007 | 15403007
Z8 6701507 | 1092007 | 15503.007
zC BE(1.507 | 11002007 | 15603007
o0 BOrTE07 | 112007 | 157000
ZE TO(1 507 | 11262007 | 15803000
ZF TA(1 807 | 1132007 | 15903007
1) T2(16807 | 1142007 | 16003007
ZH FEA DT | 00T | 6100
]| T 507 | TG00 | 1620500
ZJ TE( 07 | 1172007 | 1630a.00
K TE(1A07 | 1182007 | 16405007
ZL FHAEDT | 900 | Iea0s 0
ZM TE(1607 | 12002007 | 16603007
ZH TOM B0Y | 1212007 | 167E.00m
Z0 B0(1507 | 1222007 | 16803007
TF ST E0Y | TZE200) | 169000
Z0 124200

IR TZE(Z.00)

Z% 12602007

T 127200

Chlorinated bipheny] ITPAC Huraher
Concentration in pefml

Bt

Office of Research and Development
National Exposure Research Laboratory, Environmental Sciences Division, Las Vegas, Nevada



<EPA

United States
Environmental P

= Polychlorinated Biphenyl Congener
Classes with Identification lons

Numbers of o

E(o:t?w;g Igzgsés Egchc:izgﬁg rl‘:ﬂc?rlicuL:laar :gﬁztrl\zliatlon (M- Cl)* (M - 2CI)*
class

Monochlorobiphenyl 3 C12HqCI 188 153+ -
Dichlorobiphenyl 12 C12HsCls 222 187+ 152%
Trichlorobiphenyl 24 C12H7Cl3 256 2211 1861
Tetrachlorobiphenyl 42 C1:HsCl4 290 (292)* 255 220
Pentachlorobiphenyl 46 C12H5Cls 324 (326) 289 (291)* 254
Hexachlorobiphenyl 42 C12H4Clg 358 (360) 323 (325) 288 (290)*
Heptachlorobiphenyl 24 C12HsCly 392 (394) 357 (359) 322 (324)
Octachlorobiphenyl 12 C12H:Cls 426 (430) 391 (393) 356 (358)
Nonachlorobiphenyl 3 C12HClyg 460 (464) 425 (429) 390 (392)
Decachlorobiphenyl 1 C12Clyg 494 (498) 459 (463) 424 (428)

* Largest component of the isotope cluster is in parentheses, if not the first member.
1 HCI losses are also observed for lower chlorinated congeners, resulting in one mass unit lower masses

than in the Table.

Office of Research and Development
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Analytical approach
1-D Vs. 2-D

The magnitude of the number of PCB isomer-
specific congeners in the environment have made
the results of human and environmental health
assessment inaccurate.

The 1-D approach has been used over time but is
not capable of distinguishing the 209 PCB
congeners.

The 2-D analytical approach is advantageous over
the 1-D because of the high capacity of separation
and better sensitivity.

It may serve as an advance tool for separating
difficult and complex samples.

Office of Research and Development
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Major constituents of personal-care products, used in our everyday life�


SEPA 1-D Approach to 209 PCB

Environmental Protect

Congeners Analyses
- « The 1-D mode is a necessary
preliminary step used to determine
" | \ which PCB isomer-specific
- ‘ congeners need the 2-D mode of
| separation
1 |
SO R || * The upper figure from the same run
= = S shows separation of early eluters
qoq ey with relative ease.

 The lower figure does not; it shows

1 several coeluting PCB congeners

Ml and therefore the need for 2-D mode
\/ | of chromatographic separation.

Office of Research and Development
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$EPA  PCB Congener Identification by

Agency
PCB 83 (IUPAC) PCB 119 (IUPAC)
M-CI
Cl Cl
) Q O )
Chloronium ion intermediate Cl
Ortho effect No Ortho effect
Caliper - sample "PCR Batch B:2", 4546 5 to 4546 5
Caliper - sample "PCB Batch 2L:1", 4943 5 to 4543 5
256
1000+ 306
10004 326
3800 A
good 4
600 254
400 51 e
400 109
200 T e i 1
3 51
163 0] o »
207 274 312 357 ae 29
m\ll IL IH Il Wb | 241 m
50 100 150 200 250 300 350 I ! 1 1 1
Peak True - sample "PCB Batch B: 2", peak S, at 4546 5 50 100 150 200 250 300 350

Peak True - sample "PCB Batch 211", peak 1, at 4543 5
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SEPA Selection of PCB Isomers for 2-D Analysis

3C Elution and WS “Orthe Bifect” of the Forty-siz Penta CBs

United States
Environmental Protection
Agency

a = Values rounded off

b = Largest abundance components of
Isotope clusters of 100([M-CI]/[M])

c,d, e, f, g = Groups of isomers with
separations of 5 sec. or less. Need 2D.

h = “Ortho effect’ used with the elution
order can distinguish these nearest
neighbors

h = From groups c, d, e, f, g, these
coeluters can be distinguished using
“ortho effect.”

Elation | [UPAC Structure RT a “Ortho Bffect™ b
Order # Ringl Ring 2 geq %%

1 104 24626 3550 10

2 1] 23624 3214 12 h
3 103 24625 3264 3Eh
4 100 24624 3939 31

A 04 23514 3052 A0

f 102 24526 4030 36

7 oE 24623 077 a1

2 o3 23562 4093 0

] BE 23462 4127 4%
10 a5 23625 4136 48 h
11 121 24635 4155 a6 h
12 o1 23624 4217 43 h
13 o 23525 4343 44
14 &0 23424 4353 a1
15 B 23623 4360 a3
1é o 235324 4404 ¢ 42
17 101 24525 4407 ¢ 20
12 113 23635 4421 Th
19 oo 24524 4460 20 h
20 119 24634 4543 d 3h
21 23 23523 4546 d a%h
22 125 34526 4558 e Th
23 26 23452 4560 e 44 h
24 112 23563 4562 e ah
25 102 23463 4584 4

26 o7 24523 4603 3Eh
27 116 23458 da53 ah
28 27 23435 4712 41 h
29 117 2356:4 4744 4dh
30 115 23454 4752 f 3

31 111 23535 4757 3

32 25 23424 4767 33h
33 110 23634 4818 g 3ih
34 120 24535 4832 g 3

35 32 23433 4915 54k
36 124 34525 M6E ih
37 107 23435 5108 3
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Use of Chromatographic and Mass

(a)
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w=3pectrometric Data in a Case of Isomer
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(a) Contour plot from above looking down on a 2-D run of the coeluting 2,2’- and 2,6- dichlorobiphenyls. (b) The chromatogram of the overlapping isomers viewed from the side and showing slices taken from the 2-D mode of separation. (c)The mass spectra obtained from pure standards of the individual isomers, each with ortho chlorines, but one having these on separate rings (2,2’-) and showing the mass spectrometric “ortho effect.” (d) Mass chromatograms of the isomer mixture showing m/z222 (blue), m/z187 (green), and m/z 152 (red) and the partial resolution and assignment of the isomers based on these relative intensities.�


SEPA . .
Separation of Coeluting Pentachlorobiphenyl

Isomers using GCxGC-TOFMS in the 2-D
Mode

Separation of four pairs of pentachlorinated
biphenyl isomers with IUPAC numbers
beginning from the right (110+120),
(115+111), (86+112), and (83+119).

) | @ The left pair of penta-isomers, number
ll (90+101), were inseparable under the
o chromatographic conditions used.

196 PCB congeners were distinguished when
the 1-D mode, 2-D mode, and the use of
“ortho-effect” were employed.

Office of Research and Development
National Exposure Research Laboratory, Environmental Sciences Division, Las Vegas, Nevada
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“EPAA _PCB lons Interference in Mass

Agency

Quantification

e Most columns used in the 1-D approach
have inherent interferences of 1ons from
PCB congeners with [UPAC numbers
81, 123, and 169 in environmental
samples.

e lons 324 and 326 from 2,3,7,8-
tetrachlorodibenzo-p-dioxin interfere in
the quantification of PCB congener 126
and vice versa

o « With the right modulation and hot/pulse
(adapted from E. Hoh et al., 2007) Settlng1 GCxGC/TOF-MS easi Iy
separates these compounds
chromatographically in the 2-D mode

Office of Research and Development
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The ease of extracting 65L of effluent is demonstrated here.�


Summary

e By using GCxGC-TOFMS in the 1-D mode of
separation, followed by the 2-D mode, including
the use of “ortho-effect,” we were able to
distinguish 196 PCB congeners.

Office of Research and Development

National Exposure Research Laboratory, Environmental Sciences Division, Las Vegas, Nevada
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 The GCxGC-TOFMS did not distinguish all
of the 209 PCB isomer-specific congeners
but it did distinguish many and with further
optimization 1t may distinguish more.

|t may be regarded as a tool that permits

customized chromatographic separation of
recalcitrant chemicals using the 2-D mode.
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=2009 EPA’'s PCB Research

« PCBs in Caulk (1950 -78 buildings)

e Source migration path - air, dust, and soill
In school buildings

o http://www.epa.gov/pcbsincaulk/caulkrese
arch.htm
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