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ABSTRACT

Two office buildings were tested to determine the background surface and air concentrations
of PCDFs and PCDUs. Surface samples showed higher concentrations of PCDDs than PCDFs,
increase of PCDD concentration with degree of chlorination, similar concentrations of PCDFs
irrespective of degree of chlorination, and significant correlations between concentrations
of PCBs, and PCDFs and PCDDs. Air samples generally contained non-detectable concentrations
of PCUFs and lower chlorinated PCDDs; and a predominance of higher chlorinated PCDDs. These
data define a concentration baseline for PCDFs and PCDDs in these buildings, but may be
indicative of the concentrations present in other office buildings.

INTRODUCTION

It 1s now recognized that polychlorinated dibenzofurans (PCDFs) and polychlorinated
aibenzo-p-dioxins (PCDDs) are ubiquitous contaminants of the environment. These compounds
can be found in various environmental samples and living organisms, including man (1).
Environmental contamination from PCDFs and PCDDs can occur through the use of chemical
products contaminated with these compounds and emissions from combustion sources (2).
Fire-related incidents involving electrical equipment containing polychlorinated biphenyls
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{PCBs) have resulted in contamination of buildings with PCDFs and PCDDs {3). Interpretation
of contamination assessment data is complicated by the absence of consensus standards and
the paucity of comparative background data for these compounds in office buildings (4).

This paper presents the results of a study conducted to determine the concentrations of
PCDFs and PCDDs present as normal levels of background contamination in two multi-story
office buildings in Boston, MA. The buildings were both constructed in the mid-1960's and
had no history of electrical transformer fire or failure.

STUDY DESIGN AND METHODS

The buildings were tested for surface and air concentrations of PCOFs and PCDDs
(2,3,7,8-tetra CDF and CDD isomers, and total tetra- through octa-chlorinated homologs).
Wipe samples were obtained on building surfaces and interior air-handling unit (AKU)
surfaces. Building surfaces included high skin contact and elevated horizontal surfaces.
High skin contact surfaces are those with which a person would probably have frequent and/or
prolonged direct dermal contact such as desks, tables, counters and file cabinets. Elevated
horizontal surfaces are those surfaces at a height of greater than six-feet above the floor
such as tops of storage cabinets or bookshelves. The interior AHU surfaces included the
floor of the fan's air intake plenum and fan housing. The PCDF and PCDD surface wipe
samples were collected at locations paired to the collection of PCB samples to determine the
existence of a statistical relationship. Air samples for PCDFs and PCDDs were obtained in
the workspace and ambient air intake plenums of the buildings.

Surface Sampling Methods

The surface samples were collected using 3" x 3" soxhlet extracted cotton gauze pads wetted
with 8-m] of pesticide grade hexane. The sampling procedure consisted of marking off a
surface 1nto a 0.25 m2 area using a galvanized steel template or a metal tape measure.
Each 0.25 m area was wiped, with a gauze pad held with a gloved-hand, in two directions;
the second direction was performed at a 90° angle to the first direction. The gauze pad
sample was then placed in a glass sample container equipped with a Teflon-Tined 1id. Each
PCLD and PCDF sample was a composite of four 0.25 m2 samples for a total area of 1.0 m2,
whereas the PCB samples consisted of a single sample from an area of 0.25 mz. The samples
were extracted and analyzed for PCDFs and PCDDs using high resolution capillary column gas
chromatography and selected fon monitoring mass spectrometry (5). The samples were
extracted and analyzed for PCBs using capillary column gas chromatography electron capture

detection (6).

The air samples for PCDDs and PCDFs were collected using a two-stage sampling device
developed by the New York State Health Department (7). The first stage is a 47-mm diameter,
0.3 um pore size binderless glass fiber filter. The second stage is a cartridge of 8 gms of
silica gel adsorbent which is spiked with 2.5 ng each of labelled 2,3,7,8-TCDD
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and 2,3,7,8-TCDF before sampling. The samples were collected for approximately a 50-hour
period at a flow rate of 20 L/min to achieve an air volume of approximately 60 m3. The
samples were analyzed using the same procedures as the surface wipe samples.

RESULTS AND DISCUSSION

Surface Concentrations

A total of 28 surface wipe samples were collected for analysis of 2,3,7,8-tetra CDF and CDD
isomers, and total tetra- through octa-chlorinated homologs. Twenty-four of the 28 samples
were collected on building surfaces; and four samples were collected on interior AHU
surfaces.

The concentrations measured on building surfaces are summarized in Table 1. The total
PCDDs (range 2.8 to 146 ng/mz) are present in higher concentrations than PCDFs (range

0.47 to 5.4 ng/mz) with the concentration of PCDDs increasing about two orders of
magnitude on chlorination from penta- to octa-CDD. The 2,3,7,8-TCOF isomer was
consistently present (19 of 24 samples) at concentrations ranging from 0.06 to 0.40

ng/mz; 2,3,7,8-TCDD was not detected in any of the samples. The distribution of PCDF and
PCDD homologs are shown in Figure 1. PCDFs are more uniform in their distribution with the
presence of both lower- and higher- chlorinated homologs. PCDDs are non-detected in the
lower chlorinated homologs but their presence increases with degree of chlorination.
Octa=CLD represented approximately 86% of the total PCDDs present.

The concentrations of PCDFs and PCDDs measured on high skin contact and elevated horizontal
surfaces are summarized in Table 2. The log transformed concentrations of PCDFs on high
skin contact surfaces are numerically lower than those on elevated horizontal surfaces, but
this difference is not statistically significant (t = 1.84, p >0.086). The log transformed
concentrations of PCDDs on high skin contact surfaces are significantly lower (t = 2.16,

p <0.046) than those present on elevated horizontal surfaces.

The 24 PCDF and PCDD samples were collected at locations paired to the collection of PCB
samples to determine the existence of a statistical relationship. Twenty-three of the 24
PCB samples showed detectable concentrations; overall, the PCB concentrations ranged from
non-detected (<l ug /mz) to 40 ug/m2 with an arithmetic mean of 14 ug/mz. Linear
regression analysis of the log transformed concentrations shows that a significant
correlation (Table 3) exist between the concentrations of PCBs and concentrations of PCDFs
ana PCUDs in these buildings.

The concentrations of PCOFs and PCDDs measured on interior air-handling unit (AHU) surfaces
are summarized in Table 4. Qualitatively the data are very similar to that shown for
building surfaces (Table 1 and Figure 1). PCDDs (range 69 to 421 ng/mz) are present in
higher concentrations than PCDFs {range 6.5 to 53 ng/mz) with the concentration of PCDDs
increasing with degree of chlorination (Figure 2), and similar concentrations of PCDFs
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irrespective of degree of chlorination (Figure 2). Quantitatively the data are dissimilar in
that the concentrations of PCDFs and PCDDs on AHU surfaces are significantly higher (t = 6,51
and 4.11, p <0.001, respectively) than those present on building surfaces. The 2,3,7,8-TCDF
isomer was present in all samples ranging from 0.37 to 1.9 ng/mz; 2,3,7,8-TCDD was not
detected in any of the samples.

The tour PCDF and PCDD AHU samples were collected at locations paired to the collection of
PCB samples to determine the existence of a statistical relationship. The PCB samples all
contained detectable concentrations ranging from 19 to 280 ug/mz with an arithmetic mean of
158 ug/mz. Linear regression analysis of the log transformed data did not demonstrate a
significant relationship between the concentrations of PCBs and concentrations of PCDFs and
PCDUs on AHU surfaces. In the case of the PCDFs, there was not a large enough sample to
gemonstrate a statistically significant correlation. The sample size would have to be
increased to at least ten paired observations in order for a correlation coefficient of 0.63
to be statistically significant (p <0.05).

The concentrations of PCDFs and PCODs on building and interior AHU surfaces were converted to
2,3,7,8-TCDD equivalents using the toxicity equivalence factors recommended by U.S. EPA (8).
The concentrations of 2,3,7,B-TLDD equivalents ranged from 0.01 to 0.17 ng/m2 (arithmetic
mean 0.05 ng/mz) and from 0.31 to 2.3 ng/m2 (arithmetic mean 0.93 ng/mz), respectively.

Airborne Concentrations

A total of 1o air samples were collected for analysis of 2,3,7,8,~tetra CDF and COD isomers,
and total tetra- through octa-chlorinated homologs. Twelve of the 16 samples were collected
in the workspace ot the buildings (Table 5); and four samples were collected in the ambient
air intake plenums of the buildings (Table 6).

PCDFs were generally non-detected, except for three samples that showed detectable
concentrations of tetra- and penta-CDFs. Two of these samples (one workspace and one ambient
air) contained 2,3,7,8-TCUF (1.4 and 0.83 pg/ms. respectively). The distributions of total
PLDD homologs are quite similar to those shown for the surface wipe samples. In both, there
is an absence ot the lower chlorinated CUDs and a predominance of the higher chlorinated
nomologs with the maximum concentrations represented by octa-CDD. The calculated
concentrations ot ¢,3,7,8-TCDD equivalents for the two samples containing 2,3,7,8-TCDF are
U.34 ana 0.20 pg/m3. respectively.

CONCLUSIONS
PCOFs ana PCOLs are present as background contaminants in two office buildings studied.

PLUDs are present at higher concentrations than PCOFs in these buildings. PCDDs showed an
absence of lower chlorinated homologs and a predominance of octa-CDD. PCDFs were more
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uniform in distribution with the consistent presence of 2,3,7,8-TCDF on surfaces.
Interpretation of contamination assessment data should consider the inherent concentrations
of PCUFs and PCDDs that may exist in other office buildings.
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Table 1

Environ. Health

Interim Procedures for Estimating Risks Associated with Exposures to
Mixtures of Chlorinated Dibenzo-p-Dioxins and Dibenzofurans.

Risk Assessment Forum,

Concentrations of PCDFs and PCDDs on Surfaces in Office Buildings

2,3,7,8-TCDF
TCUFs

PeCDF s
‘HxCOF s
HpCDF s

OCUF

Total PCDFs

2,3,7,8-TCDOD
TCDDs

PeCDDs
HxCDDs
HpCLDs

ocuo

Total PCOLs

=

~

=
(-

19/24
19/24
16/24
18/24
23/24
24/24

0/24
0/24
1/24
20/24
24/24
24/24
24/24

Concentration gg/m2

ﬂggﬂs Range

0.18 (0.04)¢ - 0.40
0.32 (0.04) -  0.84
0.13 (0.01) - 1.0
0.21 (0.01) - 1.2
0.54 (0.09) - 1.8
0.50 0.11 - 2.0
1.70 0.47 - 5.4
- (0.01 - 0.28)
- (0.01 - 0.28)
- (0.02) -  0.19
0.34 (0.02) - 1.1
3.3 0.46 - 15

22 2.1 - 130

26 2.8 - 146

8 n/N denotes tne number of samples above the detection limit/the total

number of samples.

b Arithmetic mean calculated with non-detected values treated as one-half
the detection limit.

© value in parentheses is the limit of detection.
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Table 2

Concentrations of PCDFs and PCDDs on High Skin Contact
and Elevated Horizontal Surfaces in Office Buildings

PCDFs ng/mz PCDDs ng/m2
N Mean Range N Mean  Range
High Skin Contact 12 0.98 0.50 - 1.9 12 12 4.1 - 42
Elevated Horizontal 12 2.4 0.47 - 5.4 12 40 2.8 - 146
Overall 24 1.7 0.47 - 5.4 24 26 2.8 -~ 146
Table 3

Correlation Between PCBs, and PCOFs and PCDDs on Surfaces in Office Buildings

Building Surfaces Interior AHU Surfaces
.1 Corr. Coeff. P N Corr. Coeff. P
PCDFs 24 0.49 <0.02 4 0.63 >0.36

PCDDs 24 0.48 <0.02 4 0.03 >0.97
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Table 4

Concentrations of PCDFs and PCDDs
on Interior Air-Handling Unit Surfaces in Office Buildings

Concentration ng/m2

a/N? Mean® Range
2,3,7,8-TCOF 4/4 1.1 0.37 - 1.9
TCDFs 4/4 3.3 0.81 - 8.3
PeCDF s 4/4 2.3 0.56 - 5.4
HXCDF s 4/4 5.3 1.4 - 9.9
HpCDF's 4/4 13 1.3 - 30
OCUF 4/4 5.0 1.3 - 8.5
Total PCUFs - 29 6.5 =~ 63
2,3,7,8-TCOD 0/4 - (0.02 - 0.27)¢
TCOU 0/4 - (0,02 - 0.27)
PeCDDs 3/4 0.63 (0.11) - 2.0
HxCLDs 4/4 4.4 1.3 - 9.7
HpCDDs 4/4 33 7.7 - 89
0COD 4/4 135 58 - 320
Total PCDDs - 173 69 - 421

3 n/N denotes the number of samples above the detection limit/the
total number of samples.

b Arithmetic mean calculated with non-detected values treated as
one-half the detection limit.

¢ value in parentheses is the limit of detection.



Airborne Concentrations of PCDFs and PCDDs in Office Buildings

Table 5

2,3,7,8-TCDF
TCUFs
PeCDFs
HxCUF s
HpCDFs

OCLF

2,3,7,8-TCDD
TCODs

PeCDDs
HxCDUs
HpCLDs

oCuD

Concentration pg/m3

HZH? Mean Range
1/12 - (0.3 - 1.4
2/12 - (0.64) - 6.2
2/12 - (0.12) - 1.9
1/12 - (0.09) - 0.36
0/12 - (0.33 - 1.5)
0/12 - (0.5 - 1.8)
0/12 - (0.32 - 1.4)
0/12 - (0.32 - 1.4)
0/12 - (0.19 - 1.1)
0/12 - (0.25 - 0.95)
6/12 - (0.66) - 2.0
12/12 4.8 3.2 - 1.6

@ n/N denotes the number of samples above the detection limit/the total
number of samples.

o VYalue in parentheses is the limit of detection.

Table 6

Ambient Air Concentrations of PCDFs and PCDDs in Boston

October 17-20, 1986

2,3,7,8-TCUF
TUDF s
PeCDFs
HxCUFs
HpCOF s

ULOF

2,3,7,8-TCDOL
TLDOs

PeCDOs
HxCOUs
HpLDDs

0CDD

Concentration pg/md

/N3 Mean Range

1/4 - (0.72)> - 0.83
1/4 - (0.72) 4.4
1/4 - (0.23) - 1.2
0/4 - (0.11 - 0.29)
0/4 - (0.51 - 1.5)
(7 - (0.51 - 2.8)
v/4 - (0.40 - 0.57)
u/é - (0.40 - 0.57)
/4 - (0.51 - 1.6)
u/4 - (0.27 - 0.51)
/4 - (1.2) - 1.6
4/4 4.8 3.5 - 5.6

a n/N denotes the number of samples above the detection limit/the total
number of samples.

D value in parentheses is the limit of detection.
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Figure 1. PCDF AND PCDD homolog distributions for wipe

samples obtained on building surfaces
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Figure 2. PCDF and PCDD homolog distributions for wipe
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