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INTRODUCTIUN

HAir samples were collected and analyzed for chlorinated dibenzofurans
(CDFs), chlorinated dibenzodioxins (CDDs) and chlorinated biphenylenes
(CBPs) to study the effect of BSOB IVAC s}stem operating mode on BSOB indoor
and outdoor concentrations. This report describes sampling, analytical
procedures and results for the detefmination of these analytes in air
samples c;llécted (1) on 2/15/85 at 3 outdoor locations near the BSOB prior
to venting of the HVAC, (2) om 2/25!85 at fhg same Jlocations after venting
and (3) on 3/29/85 at the mechanical room mixing'boxes on floers 6 and 14
inside the building after ventiné. Becau;e Prof., C, Rappe of the University
of Umea, Sweden, had proddced evidence suggesting detectable contamination
in an earlier outdoor air sampl ing, the outdoor samples were collected in
duplicate, extractecd, and split for independent analysis by Prof, C. RappqL

Results of the last sampling prior to the return of the AVAC system to
normal (Septembér 1984 samples) showed a mixtuwre of Cl ,-Ci, CDFs
in air from the 6th and 14th floor mixing boxes (similar to that previously
found in building air) at concentrations of 47-260 pg/m3 total TCDFs and
29-185 pgfm3? total penta-CDFs (1). At that time C., Rappe found traces of
Ulsguaival 01 ,-Cl, CDFs in a single sample (September, 1984) of

outside air at concentrations of spproximately 0.1 pg/m?/isomer (e.g.
123?8!{2348 0.14 pg/m* uncorrected for recovery) (1). To confirm these

preliminary findings it was necessary to repeat the outdoor air anlyses,

improving detection limits if possible.



METHODOLOGY

Air Sample Collection

Sample were collected using a two-stage sampling device (0;3 p partiou—
late filter, silica gel adsorbent cartridge) specifically designed to
~¢ollect PCDDs and PCDFs (2).I In the 1aboratory the 140° activated 25 mm x
45 mm silica gel captri;;es were spiked_with’i’c 2,3,7.8-TCDDp, 37Cl
2,3,7,8-TCDF, and **C 1,2,3,7,8 penta~CDF internal standards. The
sampling device was then assembled and wrapped in foil for transport., - At
the site, samples were takem by drawing 80 M? of'air‘throngh the sampler at
approximately 20 L/min uwsing a 1.5 CFM Gast vacuum pump, After saﬁpling.
the-intaot device was wrapped in foil and transported at room temperature to

the laboratory for anmalysis.

Sample Extraction, Compositing, and Splitting -

The particulate—containing filter was placed in the associated
adsorbent cartridge and subjected to Soxhlet extraction with 80 ml benzenme
for 16 hrs (samples found to contain large amounts of water were extracted
withlucetone then benzene), The duplicate sample extracts to be combined
(e.g. 50363 + 50364) were concentrated if pecessary, combined, (as sample
#50744) andlsplit.SOISO. Saﬁple extracts to be mailed to Umes, Sweden were
comcentrated to 100 pL, transferred to 2 mm i.d. Pyrex capillary tubeé..thﬁr-
the volume was reduced to just dryness under vacuuﬁ {exchanged standards
 were Qimilgtly_hanéled). The capillary tubes were then sealed and packaged
for transpért. The sample extracts to be nnalyzéd by WCL R were

additionally spiked with **C OCDD and handled as follows:

i



Sample Clean-up

The benzene extract was passed through a 22 mm i.d. chromﬁtography
column packed bottom to top with 4 mm Na,SO,, 4 mm K Siliéaté,
4 mm silica gel, 30 mm 44% H,80, silica gel, 4 mm silica gefh
40 mm Na,CO,, 50 mm silica gel and 4 mm Na,S0, followed
by hexane solvent. ihe sample in 50% benzene/hexane was then cleaned up
using a mic;uprocessg; controlled sequence of acidic Qlumina, PX-21 carbon,
and neutral alumina chromatography followed by qppqentration to 100 pL for
storage in sealed glass capillaries.l Just prior to GC/MS analysis, the
samples were concentrated to 4 pL under vacuum, The extract at this stage
contains all €1,-Cl, CDFs and CDDs,
Capillary GC/LRMS

A portion of the sample extract (0.8 to 1.8 pL) was injected onto
either 2 60 m 0.25 mm i.d, SP2330 or 50 m 0.2 mmli.af DB5 fused silica GC
capillary column, head pressure 20 ﬁsi, directly interfaced to a
Hewlett—Packard 5970 Hgss Selective Detector, The MSD was used in the EI
mode with a 235°C source temperature and_unif resolution, Data acquisition
was sccompliished using the single jon monitoring moﬁe with m/e values and
chromatographic coqditions shown in Table 1, |

Calculatjons

i The- esults were celceulated by integrating a single ion chromato-
graphic peak (e.g, 2,3,7,8-TCDF) and by summing total area couants for groups
of obsirved peaks {e.g., TCDFs). TCDFs and TCDDs were quantitated by an
isotOpé'dilution internal standard method {(eq. 1) which inherently corrects
for any recovery losses, Detection limits were similariy calculated,
substitoting neﬁrby MS noise in arbitrary counts {e.g. 1000 atealcounts}

incorporating a detection limit factor of 2.5,



¢, = XC A lA . ' (eq. 1)

Where C, = the calculated concentration of native CDF (or CDD) in
pg/m®,
X = 2 theoretical mass spectral response factor that corrects

for differences in isotope abundances (1 for 13C-—TCDD,

2.5 for 37

C1-TCDF; a méasured‘rqsponse factor may
also be used,

02 = the known concentration of added, isotopically labeled CDF
(or CDD) in pg/m?, |

Al = the measured area under the ion chromatographic pesk due
te native CDF or (DD (e.g, TCDF at m/z 306) in arbitrary
counts.

AZ = the measured area onder the ion chromatographic peak to .

isotopically labeled standard (e,g. TCDF at wm/z 312) in

arbitrary counts.

Response factors relative to the intérnal standards were also obtained for
congener groups by running native standards along with internal standards,
TR L sponse factors were applied to the quantitation of Hexa CDFs to Octa
(DF and Penta CDDs to Octa CDD.
Standards

[024-C] 2,3,7,8-TCDD (KOR Isotopes, Cambridge, MA) has been used for
air sampler recovery experiments. The sample cleanup procedure has been
evaluvated wsing all 22 TCDDs, OCDDP (Analabs, North Haven, CT) 2,3,7,8-TCDF

{NIEAS), 27Cl penta-CDF mixture of isomers purified by RPLC (KOR), OCDF



{Analabs), and 2367-TC BP (academic source). Internal standards for quanti-~
tation included 3C,, 2,3,7,8~TCDD (EOR) and 37C1, 2,3,7,8-TCDF
(KOR) purified by RPLC, 23C 1,2,3,7,8 penta~CDF and 23C OCDD,

Quality Assurance

The following measnres ensaure the guality of this analysis. Various
blanks are run concﬁ}rently with samples and strict criteria for the.
ideﬁtification of each compound clgss are observed. An isotopically labéled
internal standard is added to each sample prior to sampling or analysis to
provide both a qualitative check and qccur#tg quantitation when sample
recovery data is variable,

Blanks

Four typ;§ of blanks were run: (1) a system blank prior to the use of
any glassware to ensure no carryover from prior samples; (2) a method
blank, run simultaneously and using the same standards, solvents,
adsorbents, and glassware as the actqdl samples; (3) isotopically—-labeled
standards; and (4) benzene blanks to check for GC and syringe carryover.
Brecision

The best measure of precision is obtained from replicate samples, This
is commonly within 20%, The recoverf of the internal standard available for
each sample will provide a2 measure of precision; however, this is based on
external standardization (reﬁuiring manipulation and accurate measurement of
sample!volumes of 1 to 4 pl) and is known to be less precise than intermnal

standardization,



Criteria for Detection

To be detectéd as a PCDD or.PCDF isomer in a sample all of the

following conditions must bé met :

1, co—-elution on GC with appropriate standard if available,

2, response at a minimum of two ions corresponding to M, M+2;
response must be in éroper ratio ¥20%; response atladditional
fragment iofis such as M-COCl for greatest reliability when
sensitivity permits.

3. Qdequate recovery of all internal standafds.

4. acceptable QC blanks and spikes.

5, negligible mass spectral interference.



RESULTS
Table 2 contains the data generated by the New Yorﬁ State Department of
Health from outdoor air samples collected prior to (February 15-18) and after
(February 22-25) returning the building's HVAC system to normal operations.
Table 3 contains the data generated from indoor air samples collected on the
6th and l4th floors 22 March 29-April I.
DISCUSSION
The outdoor air daﬁa both before and after returning the HVAC system to
normal operation contains no evidénce for the presence of any
tetrachlorodibenzofuran isomer (detection limit 0,06—0.15'pg/m3) Oor any
pentachlorodibenzofuran isomer (detection limit 0.2-0.5 pg/ms). {Doctor C.
Rappe's analysié of splits of these samples yielded results consistent with
this data (not detected at about 1 pg/m3/isomer). (Personal Communication,
written report to follow). Since tetra and pentachlorofurans ave by far the
most abundant coﬁpounds among the furans,ldioxins and biphenylenes within the
BSOB, detection of any such BSOB-induced contamination of the outdoor air in
either the pre-venting or current post-venting mode of operation is clearly
beyond the capacity of present-day analytical techniques.
| The indoor air data of Table 3 demonstrates the presence of tetra-,
. pentta~, and hexachlorofurans in detectable concentfations; Hepta- and
- octachlorofurans, tetra; and penta-chloro~biphenylenes and tetra-, penta-,
hexa-, hepta~, and octachlorodibenzodioxins were all below limits of detection.
There are many cross comparisbns possible among the data produced by WCL&R
from thé September 1984 and the March 1985 samplings. Dibenzodioxins (tetra
through octachloro), hepta and octachloro furams, and pentachlorobiphenylenes
were not detected in either sampling; tetrachlorobiphenylenes, barely above the

limit of detection in 1984, were not detected in 1985, consistent with the



*e

subsequently discussed decreagse in overall concentrations. As Table 4

demonstrates, the patterns observed in the tetra through hexachlorofurans (the
only compounds present above detection limits during both samplings) are
generally maintained, Thus, for the 6th floor, the ratio total TCDF:total
PeCDF:total HxCDF was 1:0.37:0.13 in 9/84 versus 1:0.60:0.14 in 4/85; the
corresponding l4th floor ratios were 1:0.60:0.09 and 1:0.42:0.14., For the 6th
floor, the ratio 2375-TCDF(total TCDF was.0.0? in 9/84 and 0,06 in 4/85; the
correspon&ing liéth floor ratios were 0.05 and 0.06, The largest
2378-substituted PeCDF peak {actually a mixture of .12378 and 1?3&8-PeCDF)
constituted 15Z2 of total PeCDF om the 6th floor in 9/84, and 9% in 4/85. The
corresponding values for the l4th floor are 15% and 16%.

The most important difference between the two data sets is the significant
decrease in concentrations of tetra through hexa CDFs in the April saupling
(Table 4), Thus, for example, total TCDF concentration (averaged over the 6th
and 14th floors) decreased by a factor of 2.6; the corresponding factors for-
total PeCDF and total HxCDF were 2.9 and 2.0. These decreases 1n concentration
as well as improvements in detection limits for 2367-tetrachlorobyphenylene and
12367~pentachlorobiphenylene result in a recalculated “"2378-TCDD equivalent”
concentration of <4.1 pg/m3 in April, 1985 versus <11l pg/m3 in November,1984

(Tahkle 3).
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TABLE 1 (continuéd)
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TABLE I (continued)
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TABLE I (continued)
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TABLE 3. Tndoor Rir Cawpias Collacted mithin the Binghanton State Offica Building (pgr/H3)
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Floor &-HYAC r.6
Floor &-HVAC r.6
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Table 4. Comparifgj of Polychlorinated Dibenzofuran Concentrations (Pg/mB) in Air . .

Samples
12378
2378 Total 12348 23478 Total 123478 Total Total Total
-c1, €1, ~Cl, -~Cl, ~Cl_ =~Cl, -Cl, -cCl ~Cl1,
6th Floor b N N - " e - ) c 7 MR
Sept., 1984b . 6.0 -89 5.0 ND{1)~ . 33 2.0 c 12 c NA NA
April, 1985 2.8 49 2.9 0.5 31 ND(0.6) 6.9 ND{0.7) ND(1.5)
l4th Floor - |
Sept., 1984° 10 215 20.0 1.4 130 .3.5 20 NA NA
April, 1985 3.8 64 4.4 1.6 27 ND(0.7) 9.1 ND(1.0) ND(2.1)
GRAND AVERAGE .
Sept., 1984 8.0 150 13.0 1.2 83 2.9 16 NA NA
April, 1985 3.3 57 3.7 1.1 29 1.2 8.0 ND{1.0) ND{2.l)

{(a) ND indicates not detected (limit of detection); NA = not analyzed for
(b) Average of two samples unless specifically indicated
(c) Based on measurement in one sample



Table 3. Calculation of Average "2,3,7,8~TCDD Equivalents Due to Various
Dibenzofurans, Dibenzodioxins and Biphenylenes for 6th and lith
Floor Air Samples

Best Estimate Relative Activity of Relative Activity "2,3,7,8-
of Average X Compound Class vs. X Due to Chlorine = TCDD
Concentration Dibenzodioxins Substitutions

Equivalents” '

2,3,7,8-TCDF

3.3 pg/n’ X 1/3 ) S | = 1.1 pg/m°
12378, 12348,
23478-PeCDF
3 ' : 3
4.8 pg/m X 1/3 X 1 = 1,6 pg/m
HEXA CDFs
3 3
8.0 pg/m X 1/3 X 1/30 = 0.04 pg/m
2
2378-TCDD
3 _ 3
<0.4 pg/m X 1 X 1 = <0.4 pg/m
12378~PeCDD
| 3 _ 3
<0.5 pg/m X 1 X 1 = <0.5 pg/m
HEXA CDDs
' 3 3
<2.1 pg/m X 1 X 1/30 = <0,07 pg/nm
2367-Tetrachlorobiphenylene
0.2 pg/m3 X 1 X 1 = <0.2 ngm3
12367-Pentachlorobiphenylene
<0.2 pg/m3 X 1 X 1 = <0.2 pg/m3
Total : <4.1 pg/m3

(a) Since standards are not available to allow quantitation of all
2378~gubstituted hexa CDFs, it 1s conservatively assumed that 1/2 of the

"total hexa CDF” is 2378-substituted,.



