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INTRODUCTION

Prior to building cleanup, analysis of soot samples from ceiling
panels on floors 1-17 of the chemically contaminated Binghamton State
Office Building (1,2) showed that most samples contained PCBs (28-23000
ppm total) and a complex mixture of tetra- to écta— PCDF isomers (average
=18, C1.,=6, C1, <

6 7 8
1-3). The PCDDs were not detected by the less sensitive full scan HRMS

concentration in ppm was: CI4=33, CIS=40, Cl

method used. 2,3,7, 8 TCDD was then determined in several samples by
HPLC/GC Slﬁ techniques and was preseat at concentrations of 0.26-2.2 ppum.
This data corellated well with the rasulté of a biologically based cell
keratinization assay (CKA) which screens for "2,3,7,8 TCDD-like
activity”.

‘It was then necessary to analyze several air samples from a cleaned-
up section of the building (16th floor was available first) and investi~
gate the seusitive analytical methods necessary to determine PCDfs and
PCDDs at low (e.g. pg{m3) conceﬁtrations in air, The results would also
show whether building clean-up efforts were proceeding satisfa?torily for
re—entry.

Approximately 50 m3 of air were sampled and analyzed for total
(gaseous and particula;é) PCDF and PCDD using capillary GC/SIM high reso-
lution mass spectrometry. Tetra-compounds were investigated first.
Isomer specificity was provided solely by a SP-2330 capillary column
which resolves many but not all of the TCDD and TCDF isomers. All 38
possible TCDF isomers have only rvecently been synthesized and identified
(3) but zre not yet unavailable to our laboratery. All 22 TCDD isomers

how:ver are availahle in our labhoratory.
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EXPERIMENTAL

Laboratory Volatilization and Trapping Studies

Experiments using 140 radiolabeled 2,3,7,8-TCDD demonstrated that
it can be volatilized (from 33%Z at 25° to 97.4% at 280°C), tranSpOQted
in an air stream and trapped by 8 g of 30-70 mesh silica gel. The appar#-
tus is shown in Figure 1. At the high air flow rates required for sampl-
ing (e.g. 20 liter/min = 57.6 M3/48 hrs) the trapping efficiency was
found to be dependent on temperature and volume of air, Overall TCDD
trapping and elution efficiency ranged from 70 to 100% deﬁending on the
experimental conditioas employed, A three day laboratory study of TCDD

breakthrough showed 78% was trapped and recovered from a 74.3 H3

sample
of air., Qualitative analysis by HPLC and GC identified the trapped
material as 2,3,7,8 TCDD.

For field use, the glass "cartridge" containing silica gel was
housed in a rugged teflon housing, sealed with fluorocelastomer Viton "o
rings and preceded by a glass microfiber air particulate filter (EPM
2000, 0.3u) as shown in Figure 2. A similar "cartridge" design for col-
lection of large volumes of semivolatiles has been described in the liter~
ature (4). Tests of the trapping efficiency of the field sampler by
liquid scintillaticn couqting showed a 70% recovery for 2,3,7,8-TCDD

volatilized at 280°., This was identical to that found in the lab

experiments.

Saumples for Analysis

To investigate the variation of conceatration with location, four
sampling sites on the (cleanad, air uncirculatad) [6th Eloor were chosen
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for analysis. The first group of 4 sauples consisted of 3 samples
(duplicate for PCDF, 1 for CKA) from site A, the northeast corner of the
floor, and 1 sample (for PCDF) from site B, the southeast corner. PCBs
were simultaneously sampled for‘independent analysis. The second group
of samples taken 1 week later consisted of 3 samples from site C, the NW ‘
corner, and 1 from site D, the SW coruner. A solveat blank, a background
air sample taken at Albany,, NY, and 2 TCDD and TCDF fortified air

. samples were also analyzed as part of normal quality control procedures.

Sampling Procedures

Prio; to-sampling, internal standards (10 pL mixed 190 pg/pL
37(:1 2,3,7,8 J:cnt-*; 17.1 pgful 13c 2,3,7,8 TCDD and 714 pg/pl OCDD)
in cyclohexane were deposited directly on the 140° ;ctivated silica gel
trapping adsorbent contained in the pyrex thimble. WNo intermal standard
was added to the sampler for CKA, The thimble was plugged with gla;s
wool, placed imside its tefloa housing, and the eﬁtire ‘apparatus was
assembled as shown in Figure 2., To check for breakthrough during actual
sampling, an additional silica gel adsorbent stage was added in series.
It was spiked and analyzed separately.

The open eads of each sampling train were' then secured with alumi-
vun foil and the samplers were transported to the Binghamtoa sampling
site,

The sampling was coanducted by Versar. Each sampler was clamped in a
vertical position and connected to a 1.5 CFM Gast vacuum pump (using |
rubber tubing) via a Elowmeter which constantly monitored the air flow,

3

The sampling rate was adjusted to 23 L/min., After approximately 50 ¥
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had been sampled, the pumps were turned off, the samplers were wrapped in

foil, and returned to the laboratory for clean-up and GC/HRMS analysis.

Extraction

The Pyrex thimble conﬁaining silica gel, internal standards, and
adsorbedlcompounds'was removed from each sampler and its exterior was
washed with benzeae to remove any handling residue. The corresponding
glass fiber filter containing collected particles was then folded and
placed inside the Pyrex thimble, thus combining the sections. The
thimble was then placed im a Pyrex soxhlet apparatus chargéd with 75 ml
distilled-in-glass benzene and contiauously extracted for 16 hrs., Two of
the background samples (NSA 18, NsA 2S8) were spiked with unlabeled TCDF

and TCDD prior to extraction.

Sample Clean-up

The extracted sample was cleaned up prior to GC/MS to remove PCBs

and non-planar aromatics and isclate the Cl, to C].8 PCDFs and PCDDs.

4
Each sample was directly injected onto a pre-programmed automatic clean-
up system that provides sequential multi-solvent chromatography on basic
alumma, PX-21 adsorptive carbon, and neutral alumma (Figure 3). Only a

single concentration step was needed i,e. to conceatrate the sample to

10 pl prior to GC/MS iajection.

Capillary GC/High Resolution Mass Spectrometry

A portion (typically € 2 pl) of the purified extract was injected
oato a 60 mater capillary gas chrowatography colnma (0.3 mn 1.4.) coated
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with 15% SP2330., The column oven was Eemperature programmed with a start-
ing temperature of 80°C for 1 winute and then ramped at 12°C/min to

205°C. The fFiunal temperature, 205°C was held isothermally until after

the analyte eluted. The column was interfaced to the source of the

Kratos MS-50 mass spectrometer using an open split interface and deacti~ -
vated‘fused eilica transfer line., The interface was maintaived at

approx. 280°C.

Data were acquireq from the Kratos MS-50 high resolution mass spec-—
trometer operated in electron impact m;de {70ev) at approx. 10,000RP
(source temerature was 250°C) and stored by the Kratos D$S-55 data system
using a pfogram called HRMPM (high resolution multiple peak monitoring).
During the chromatographic ru; the m/e 303.9016, 305.8987, and 311.8898
masses correspoanding to the native tetrachlorodibenzofuran (TCDF) molecu-

3?Cl-labelled internal standard mwolecular

lar ion peaks and the tetra
ion peak {m/e 311.8898) were monitored, TFor the analysis of TCDD,
samples were placed into the source of the wmass spectrometer by direct
introduction probe in order to obtain greater seasitivity. The probe tip
was heated ballistically to approx. 200°C and held isothermally until

the sample evaporated, In this case w/e 321.8936 and 333.9338, (native

TCDD ion and 13

C labelled TCDD internal standard ionj were monitored,
The area under the mass peak profile Eor each of the three iéns moni -

tored was summed over the time period in which the TCDF eluted. The

area of the internal standard peak was ratioed to the area of the native

peak to compute the concentration of the native material. The ratio of

the m/e 303,9016 to 305.8987 inteansities (}1+, w+2 ") aloag with the

coincidence of retention time on the gas chromatograph provided
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additional data used in the verification of native TCDF. Data acquived
for the.analysis for TCDD were processed in the same manner, summing the
mass peaks profiles over the time period in which the sawple evaporated

from the probe capillary.

Calculations

For increased accuracy, the concentration and detection limits of
TCDDs and TCDFs in air were calculated using'an isotope dilution internal
standard method as shown below. The percent recovery of internal
standard (versus external standard) does not enter into these calcula-
tions and is provided in table 1 for information purposes oaly.

¢

xc, AIIAZ {eq. 1)

Where Cc

1 the calculated conceatration of native TCDF (or
TCDD) in pg/n3
X = a theoretical mass spectral respouse factor that

corrects for differeuces in isotope abundances (1

13 37

for "“c TCDD, 2.5 for ~'Cl TCDF).

x]
]

‘the known concentration of added, isotopically

labeled TCDF (or TCDD) in pg/M3

Be
1

1 the measured area under the mass profile du; to
native TCDF at w/e 305.8987 (or TCDD at 322) in
arbitrary counts,

A, = the measured area under the mass profile due to

isotopically labeled TCDF at m/e 311.8898 (or TCDD

at 334) ia arbitrary counts
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We have used the above calculation and made the assumption that the
labeled standard, added to the silica gel adsorbeat prior to sampling, is
recovered.through trapping and clean up identically to the TCDF or TCDD
in air. Strictly however, ome would expect to observe a slightly lower
recovery of internal standaxd if the trapping efficiency is < 100%
(experimentally 78%/74H3) because internal standard is applied at the
begginiag of the sampling pe;iod while trapped compounds are continuously
accumulating over a 48 hr period, NSA 2 and NSA 3 samples fortified with
native TCDF and TCDD at the end of the trapping period wera c&rrected for
this effect.

Detection limits were similarly calculated using equation 1,

substituting for A, the average MS noise (30 millimass units each side

1
6f m/e 305,8987 for TCDFs) in arbitrary counts and incorporating a

standard detection limit factor of 2.5.

37

The recovery of Cl labeled TCDF or ISC labeled TCDD was

calculated as follows:
' : Ayr
= 2 -
R =100 = (eq. 2)

where R = perceak recovery

A2 = the measured area at m/e 311.8898 due to 3761
TCDF iaternal standard added prior to sampling.

r = the wmeasured mass spectral response at wm/e 311.8898
for an external 3701 TCDF standard in pg/area

f = the fraction sample injected

the total amouat of 37

el
It

Cl TCOF intevnal standard

added prior to sampling in pg.



RESULTS AND CONCLUSIONS
All 5 air samples taken from the 16th Floor of the BSOB were found

to contain small amouats of a complex mixture of TCDFs as shown by the
'typical high resolution iou chromatograms and mass profiles for sanple A2
in figures 4~7, The total concentration of observed TCDF isomers {obtain-
ed 5y summing scans containing the proper response at both 303,9013 and
305.8986 TCDF masses) ranged from 52 to 102 pg/m3 of air, (See Table 1
which is a summary of results, giving TCDF and TCDD concentrations, detec-
tion limits, ion ratios, GC retention times, recoveries, and results of
blanks and fortified samples.) WNear the detection limit of the instrumen-—
tation and using a highly selective $P2330 capillary GC column as the

only means of TCDF isomer separation, (2 other TCDF isomers have been
shown to have nearly the same GC reteation time on this column (3)), the
"2378" TCDF isomer was found to be a major TCDF component. 12-~20% of
12378" TCDF was found in all samples. These "2378" TCDFf conceatratious
ranged from 7.0 to 16 pg/m3 of air. For quality coatrol, 2 air samples
taken from the Albany area and fortified to 6.6 and 5.5 pg/m3 2378 TCDF
were found to have concen;rations of 8.1 and 5.4 pg/m3 (#23% and -2%
errors). Although particulate and/or gaseous compounds were trapped
separately, they were combined prior to extraction and analysis, There-
fore, all results represent a total of particulate + gaseous compounds,

fenta-CDF was detected at a conceatration of 22 pg/m3 (total) only

in sample A2 as shown by the mass profiles in figure 8, Other samples

had no detectable penta-CDF at a detection limit of ca 5 pg/m3. It

is important to note that quantitation for these heavier compouads was

severely limited due to the lack of 2 labeled penta-CDF internal standard

-9-



and native standards from which to obtain experimental response factors
and provide fortified quality coatrol samples.

The TCDD analysis was accomﬁlished using the direct insertion probe
HRMS rather thaﬁ capillary GC/HRMS because of the greater sensitivity
that could be obtained., No TCDD was detected in any air sample at detec—
tion limits of < 1.3 pg/ms. The MS signal due to internal 130 2378
TCDD standard in the samples (2.8 pgfm3 spiking level) was clearly gvi-
dent. Because of apparent chemical noise at these low levels, a slig@t
response of signal at m/e 321.8935 was noted. However it did not meet
the normal anal}t{cal criteria for TCDD. .

An Albany air sample fortified to 6.4 pg/m3 TCDD was similarly
analyzed and found to have a concentratiom of 5.4 pg/m3 (~16% ervor).

Future efforts'will.be diréctéd towards Improving our detecton

limits for TCDD.

-10-



Table 1. HRMS Results for BSOB 16th Floor Air Samples

#2378" TCDF} Total TCDF Tocal Penta-CDE

' 37
relative ¢l TCDF

SAMPLE Concentration of detection 304/306 retemtion  Recovery concentration 304/306  2378/Total concentration
2,3,7,8-TCDF (pg/M>) limit rime (%) (pg/M?) , ) (pg/M3)

Al (NE corner) 16 6.1 .76 1.0 86 - 93 ' .83 W7 R

A? (NE cormer) 12 5.7 .90 1.0 50 - 102 .80 12 C 222

B (SE cermer) : 13 4.2 .75 1.0 55 78 .68 17 BD(<5)

C2 (NW corner) : 9.2 7.2 .76 1.0 69 55 .75 20 - ND{<5)

D {SW corner) 7.0 3.5 .88 1.0 50 ‘52 T4 16 «  KD{<$5)

Solv. Blank® ND 7.3 NA NA : 57 '

1sA 1" (background) ND 5.1 NA NA 41

NSA 2-§ (TCDF=6.6, TCDD-7.7) 8.1 (+23%) 3.1 S 1.0 35

NSA 3-§ (TCDF=5.5, TCDD=6.4) 5.4 (- 2%) 2.8 ., .79 1.0 61

A2 (20d) §D 8.8 « . NA  NA
} analyzed by capillary GC/HRMS -
2 at least 2 isomers were detected. Detection limits were approximately‘s pg{n3. Basio o£'342f340 was .53 and .76.
3 Calculated for a theoretical 60 M3 volume of air. '

4 NSA 1-3: Wew Scotland Avenue Samples = considered quality control,

Apalyzed by direct probe HRMS to obtain extra sensitivicy.

€ Entire sample used for PCDFs.
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Table 1 Continued

TCDD?

TCDD detection 130 TCDD

limic - recovery
Al (NE corner) ~wb - -
A2 (NE corner) <1.2 1.1 52
B (SE corner) <1.3 0.55 64
C2 (NW corner) <1.3 0.62 66
D (SW corner) HD 1.0 32
Solv. Blank ND 0.53 57
NSA 1 (background) KD 0.72 64
NSA 2-S (TCDF=6.6, TCDD=7.7) ~-5 -- s -

NSA 3-5 (TCDF=5.5, TCDD=6.4) 5.4 (-16%) 0.27 58
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_ 'Fc?.é, Mass Proéiles For TCOYs - Sample A2
FLHHAME MDHNHS ATE 12/20,%2  TIME 17: %

MASS  393.%013 SWEEF 308 (FFM) SCANTIME 9.3 (SELS)
SCANT  42-281 100% INTEMSITY 13916
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N
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2
83,8557 SQQ.QBISI 363,5470
. _
RUHMANE NDHNT DATE 12/20/82 TIME 17: 3
MASE 305 .8986 SWEEF 386 (PPM3 SCANTINE ©.3 (SECS)
SCANS  42-201 189% INTENSITY 149793
169

5.

h 'f'!h”'erJ HM I“.'I.r‘ -'I :
LandP0 L0 T .._/—JFH—#
{lda LA %“- )

i TERET A AR RN X

..............



1‘"7 Mo F188S $ T [Ur (i JICYF InTerpal S'f"qudard

' — Sample A2
RUNHAHE HTHNE DATE 122082  TINE 17: 3
AT 311.2595 SWEEF 309 (FPH) SCANTINE ©.% (SECS)
SCANS  G4Z-386 160% IHTENSITY 39325

1840

=~
lm
—r—
= ———3

= i

i I

\ "
.'|.l..‘1 3
i A > 'I M IVJ‘}J }‘IJ}.I_ h;‘- [ " 3
S11.68427¢ 311.8896 311.9385
« #8K RREA ID:d *
D55 HIGH RESOLUTION iMPH
PERK SUNMATIOM REFORT

RUHHAME MDHMS DRTE 12-29/82 TIME 17: & )

MASS 311.,88%:

SCAH WIDTH 308 PPM

SCAM TIHME 0.3 SECS

SCAN NUMEERS 342~ 355

STHNDARD 6.0000

FACTOR o
1.4 UL OF & UL RZ (1ST + P)
HHER ITEM HRER BASELIHME EASELINE %TOTAL RELATIVE
CENTROLID SUBTRACTED SKIMHMED HREA TG STHHDARD
*11.839¢ TUTHL 15284979, YES KO 43,949 6.00
31,8524 1 39753, YES YES 1.20 Q.60
I11,89248 2 1169929, YES YES 3227 Q.04
11,3251 3 22838, YES YES B.75 Q.68
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