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ABSTRACT 

Two office buildings were tested to determine the background surface and air concentrations 

of PCDFs and PCDDs. 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 PCDFs 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 Is now recognized tl~t polychlorlna1~d dlbenzofurans (PCOFs) and polychlorlnated 

dibenzo-p-dloxins (PCODs) are ubiquitous contaminants of the environment. These compounds 

can be found in various environmental samples and 11vlng organlsms, Includlng man (I). 

Environmental contamination from PCDFs and PCDDs can occur through the use of chemlcal 

products contaminated with these compounds and emissions from combustion sources (2). 

Fire-related incidents involving electrical equipment containing polychlorlnated blphenyls 
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(PCBs) have resulted in contamination of buildings wlth 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 

off ice buildings in Boston, MA. The buildings were both constructed In the mid-1960's and 

had no history of electrical transformer f i re  or fai lure. 

STUDY DESIGN AND METHODS 

The buildings were tested for surface and air  concentrations of PCDFs and PCDDs 

(2,3,?,B-tetra CDF and CDD isomers, and total tetra- through octa-chlorinated homologs). 

Wipe samples were obtained on building surfaces and interior air-handling unit (AHU) 

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 f i l e  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 inter ior AHU surfaces included the 

f loor of the fan's air  intake plenum and fan housing. The PCDF and PCDD surface wipe 

samples were collected at locations paired to the collectlon of PCB samples to determine the 

existence of a stat ist ical relationship. Air samples for PCDFs and PCDDs were obtained in 

the workspace and ambient a i r  intake plenums of the buildings. 

Surface Samp)in~ Methods 

The surface samples were c o l l e c t e d  using 3" x 3" soxh le t  ex t rac ted  cotton gauze pads wet ted 

w i t h  8-ml o f  p e s t i c i d e  grade hexane. The sampling procedure consisted of  marking o f f  a 

sur face i n to  a 0.25 m Z area using a galvanized s tee l  template or  a metal tape measure, 

Each U.25 m Z area was wiped, w i t h  a gauze pad held w i t h  a gloved-hand, in two d i r e c t i o n s ;  

the second d i r e c t i o n  was performed a t  a 90 ° angle to the f i r s t  d i r e c t i o n .  The gauze pad 

sample was then placed in a g lass sample con ta iner  equipped w i th  a T e f l o n - l i n e d  l t d .  Each 

PCDU and PCDF sample was a composite of  four  0.25 m 2 samples fo r  a t o t a l  area of  1.0 m 2, 

whereas the PCB samples consisted of  a s ing le  sample from an area of 0.25 m 2. The samples 

were ex t r ac ted  and analyzed fo r  PCDFs and PCDDs using high reso lu t i on  c a p i l l a r y  column gas 

chromatography and selected ion mon i to r ing  I~ass spectrometry (5) .  The samples were 

extracted and analyzed for PCBs using capil lary column gas chromatography electron capture 

detection (6). 

The a i r  samples fo r  PCDDs and PCDFs were c o l l e c t e d  ustng a two-stage sampling devJ.ce 

developed by the New York State Health Department (7) .  The f i r s t  stage is  a 47-rnm d iameter ,  

0.3 um pore s ize b inder less  g lass f i b e r  f i l t e r .  The second stage is  a ca r t r i dge  of 8 gins of 

s i l i c a  gel adsorbent  which i s  spiked w i t h  2.5 ng each of  l a b e l l e d  2,3,7,8-TC0D 



601 

and 2,3,7,8-TCDF before sampling. The samples were col lected for approximately a 50-hour 

period at  a flow rate of 20 L/mtn to achieve an a i r  volume of approximately 60 m 3. The 

samples were analyzed using the same procedures as the surface wipe samples. 

RESULTS AND DISCUSSION 

Surface Concentrations 

A to ta l  of 28 surface wipe samples were col lected for analysts of 2 ,3 ,7,8- te t ra  CDF and CDD 

isomers, and to ta l  te t ra -  through octa-chlor inated homologs. Twenty-four of the 28 samples 

were col lected on bui ld ing surfaces; and four samples were col lected on i n t e r i o r  AHU 

surfaces. 

The concentrations measured on bui ld ing surfaces are summarized in Table 1. The to ta l  

PCDDs (range 2.8 to 146 ng/m 2) are present tn higher concentrations than PCDFs (range 

0.47 to 5.4 ng/m 2) with the concentration of PCDDs increasing about two orders of 

magnitude on ch lor inat ion from penta- to octa-CDD. The 2,3,7,8-TCDF isomer was 

consistent ly  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 d is t r ibu t ion  of PCDF and 

PCDD homlogs are shown in Figure 1. PCDFs are more uniform in the i r  d is t r ibu t ion  with the 

presence of both lower- and higher- chlor inated homologs. PCDDs are non-detected in the 

lower chlor inated homologs but the i r  presence increases with degree of ch lor inat ion.  

Octa-CUD represented approximately 86% of the to ta l  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 

th is  d i f ference is  not s t a t i s t i c a l l y  s ign i f i can t  ( t  = 1.84, p >0.086). The log transformed 

concentrations of PCDDs on high skin contact surfaces are s ign i f i can t l y  lower ( t  = 2.16, 

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

The 24 PCDF and PCDD samples were col lected at  locat ions paired to the co l lec t ion of PCB 

samples to determine the existence of a s t a t i s t i c a l  re la t ionsh ip .  Twenty-three of the 24 

PCB samples showed detectable concentrations; overa l l ,  the PCB concentrations ranged from 

non-detected (<1 ug /m 2) to 40 ug/m 2 with an ar i thmet ic mean of 14 ug/m 2. Linear 

regression analysis of the log transformed concentrations shows that a s ign i f i cant  

cor re la t ion  (Table 3) ex is t  between the concentrations of PCBs and concentrations of PCDFs 

ano PCUDs in these bui ld ings.  

The concentrations of PCDFs and PCDDs measured on In te r i o r  a i r -handl ing un i t  (AHU) surfaces 

are suBmartzed in Table 4. Qua l i ta t i ve ly  the data are very stmtlar to that  shown for 

bu i ld ing surfaces (Table I and Figure 1). PCODs (range 69 to 421 ng/m 2) are present in 

higher concentrations than PCDFs (range 6.5 to 53 ng/m 2) with the concentration of PCDDs 

increasing with degree of ch lor inat ion (Figure 2), and s imi lar  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 signif icantly 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 a l l  samples ranging from 0.37 to 1.9 ng/m2; 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 stat ist ical  relationship. The PCB samples al l  

contained detectable concentrations ranging from 19 to 280 ug/m 2 with an arithmetic mean of 

~58 ug/m Z. Linear regression analysis of the log transformed data did not demonstrate a 

signif icant relationship between the concentrations of PCBs and concentrations of PCDFs and 

PCDbs on AHb surfaces. In the case of the PCDFs, there was not a large enough sample to 

demonstrate a s ta t is t i ca l l y  significant correlation. The sample size would have to be 

increaseo to at least ten paired observations in order for a correlation coefficient of 0.63 

to be s ta t i s t i ca l l y  signif icant (p <0.05}. 

The concentrations of PCDFs and PCDDs on building and inter ior AHU surfaces were converted to 

2,3,7,8-TCDD equivalents using the toxici ty equivalence factors recommended by U.S. EPA (8). 

The concentrations of 2,3,7,8-TCD0 equivalents ranged from 0.01 to 0.17 ng/m 2 (arithmetic 

mean 0.05 ng/m 2} and from 0.31 to 2.3 ng/m 2 (arithmetic mean 0.93 ng/m2), respectively. 

Airborne Concentrations 

A total of ib air  samples were collected for analysis of 2,3,7,8,-tetra CDF and CDD isomers, 

and total tetra- through oct,-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 general ly non-aetected, except for three samples that showed detectable 

concentrations of te t ra -  and penta-CDFs. Two of these samples (one workspace and one ambient 

a i r )  contained Z,3,7,B-TCUF (1.4 and 0.83 pg/m 3, respect ively) .  The d is t r ibu t ions  of to ta l  

PCDD homologs are quite s imi lar  to those shown for the surface wipe samples. In both, there 

is an absence ot the lower chlor inated CDDs and a predominance of the higher chlorinated 

nomologs wit~ the mxlmum concentrations representeO by octa-CDD. The calculated 

concentrations of Z,3,7,B-TCDD equivalents for the two samples containing 2,3,7,8-TCDF are 

u.34 and 0.20 pg/m 3, respect ively.  

CONCLUSIONS 

PCDFs and PCDDs are present as background contaminants in two o f f i ce  bui ld ings studied. 

PCU1Js are present at  higher concentrations than PCDFs in these bui ld ings. PCDDs showed an 

absence of lower chlor inated homologs and a predominance of octa-CDD. PCDFs were more 
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uniform in distr ibution 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 off ice buildings. 
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Table I 

Concentrations of PCDFs and PCODs on Surfaces in Office Buildings 

Concentration n~/m 2 
J 

n/N..__ a Mean b Ran�e 

2,3,7,8-TCDF 19/24 0.18 (0.04) c - 0.40 

TCUFs 19124 0.32 (0.04) - 0.84 

PeCDFs 16/24 0.13 (0.01) - 1.0 

kHxCDFs 18/24 0.21 (0.01) - 1.2 

HpCDFs 23/24 0.54 (0.09) - 1.8 

OCUF 24/24 0.50 0.11 - 2.0 

Tota l  PCOFs - 1.70 0.47 - 5.4 

Z,3,7,B-TCDD 0/24 - (0.01 0.28) 

TCDDs 0/24 - (0.01 0.28) 

PeCODs 1/24 - (0.02) o. Ig 

HxCDDs 20/24 0.34 (0.02) i . I  

HpCUDs 24/24 3.3 0.46 - 15 

OCDD 24/24 22 2.1 - 130 

Total PCDUs 24/24 26 2.8 - 146 

a n/h aenotes the number of  samples above the de tec t ion  l i m i t / t h e  t o t a l  

number of samples. 

b A r i t hme t i c  mean ca l cu la ted  w t th  non-detected values t rea ted  as one -ha l f  

the Oetection limlt. 

c Value in parentheses is the limit of detection. 
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Table 2 

Concentrat ions o f  PCDFs and PCDDs on High Skin Contact  

and Elevated Hor i zon ta l  Surfaces tn Of f i ce  Bu i l d i ngs  

PCDFs ng/m 2 PCDDs ng/m 2 

Hean Range N Hean Range 

High Skin Contact  12 0.98 0.50 - 1.9 12 12 4.1 - 42 

Elevated Hor i zon ta l  12 2.4 0.47 - 5.4 12 40 2.8 - 146 

Overa l l  24 1.7 0.47 - 5.4 24 26 2.8 - 146 

Table 3 

C o r r e l a t i o n  Between PCBs, and PCOFs and PCDDs on Surfaces in O f f i ce  Bu i ld ings  

Building Surfaces Interior AHU Surfaces 

N 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 

Concentrat ions of  PCDFs and PCDDs 

on Interior Air-Handling Unit Surfaces in Office Buildings 

Concentration n~/m 2 

n/N a Hean b Range 

2,3,7,8-TCDF 4/4 1.1 0.37 - 1.9 

TCOFs 4/4 3.3 0.81 - 8.3 

PeCDFs 4/4 2.3 0.56 - 5.4 

HxCDFs 4/4 5.3 1.4 - 9.9 

HpCDFs 4/4 13 1.3 - 30 

OCDF 4/4 5,0 1.3 - 8.5 

Total  PCDFs - 29 6,5 - 53 

Z,3,7,B-TCOD 014 - (0,02 - 0.27) c 

TCDU 0/4 - (0.02 0.27) 

PeCDDs 3/4 0.63 (0.11) - 2.0 

HxCUDs 4/4 4.4 1.3 9.7 

HpCDDs 4/4 33 7.7 89 

OCDb 4/4 135 58 - 320 

Tota l  PCDOs 173 69 - 421 

a n/N denotes the number of  samples above the detec t ion  l i m i t / t h e  

t o t a l  number o f  samples. 

b Arithmetic mean calculated with non-detected values treated as 

one-half the detection limit. 

c Value In parent~ses is the limit of detection. 
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Airborne Concentrations of  PCDFs and PCDDs in Office Buildings 
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Concentration pg/m 3 

nlN a Mean Range 

Z,3,?,8-TCDF 1112 - (0.37) b 

TCbFs 2112 - (0.64) 

PeCDFs 2/12 - (0.12) 

HxCUFs 1/12 (0.09) 

HpCDFs 0/12 (0.39 

OCUF 0/12 (0.54 

Z,3,7,B-TCBD 0/12 (0.32 

TCDDs 0/12 - (0.32 

PeCDDs 0/12 - (0.19 

HxCDDs 0/12 - (0.25 

HpCDDs 6/12 - (0.66) 

OCUD 12112 4.8 3.2 

1.4 

6.2 

1.9 

0.36 

1.5) 

1.8) 

1.4) 

1.4) 
1.1) 

0.95) 

2.0 

7.6 

a n/N Oenotes the number of samples above the detection l i m i t / t h e  to ta l  

number of  samples. 

b Value in parentheses is the l i m i t  of detect ion.  

Table 6 

Ambient Air  Concentrations of PCDFs and PCDDs in Boston 
October 17-20, 1906 

Concentration pglm 3 
nlN a Mean Range 

2,3,7,B-TCUF i14 - (0.72) b - 0.83 
T~DFs 1/4 - (0.72) 4.4 
PeCDFs I /4  - (0.23) 1.2 
HxCUFs 0/4 - (0.11 0.29) 
hpCDFs 0/4 - (0.51 1.5) 
UCOF 014 - (0.51 2.8) 

2,3,7,8-~CUD U/4 (0.40 0.57) 
TLDDs U/4 (0.40 0.57) 
PeCDDs U14 (0.51 - 1.6) 
HxCUUs U14 (0.27 - 0.51} 
HpLDOs ~14 ( I .2 )  - 1.6 
OCDD 4/4 4.b 3.5 - 5.6 

a n/N genotes the number of samples above the Oetect ion l i m i t / t h e  t o t a l  
number of samples. 

b Value in parentheses is the limit of Oetection. 
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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 
samples obtained on interior air-  handling unit surfaces 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Avg. of 4 values 

PCDFs PCDDs 

[ ]  • 

5 6 7 

Degree of Chlorinat ion 


