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Abstract

In winter 1995/96 and summer 1996, we measured PCDD/PCDF levels in the air from a rural area
of the southeastern United States. Baseline concentrations of PCDD/PCDF in air were deter-
mined by three sampling methods. First, we collected direct atmospheric samples using high-vol-
ume samplers. Second, we collected atmospheric deposition using Bergerhoff samplers. Third,
we measured PCDD/PCDF levels in pine needles. Generally, the mean concentration of
PCDD/PCDF in winter was approximately 3 times higher than in summer using the high-volume
samplers. Individual concentrations ranged from 1.1 to 18 fg I-TEQ/m?. The deposition from the
Bergerhoff method resulted in very low PCDD/PCDF concentrations (0.42-3.1 pg [-TEQ/m?d).
Finally, the present study confirmed our earlier results of low PCDD/PCDF levels in pine needles.
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1 INTRODUCTION

Many current combustion processes are significant sources of polychlorinated dibenzo-p-dioxins
and polychlorinated dibenzofurans (PCDD/PCDF) in the environment. Once emitted into the air,
PCDD/PCDF can be transported long distances via the atmosphere and, thus, can be detected in
remote areas with no known major point sources. Data for PCDD/PCDF in ambient air are
available from western Europe (e.g. Germany and the United Kingdom) (1-5) and USA (6, 7).
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In 1994, we measured atmospheric PCDD/PCDF concentrations in southern Mississippi, USA, by
analyzing pine needles from eight locations (8). The results indicated that the concentrations of
PCDD/PCDF in this area were relatively low compared to other areas (1-7). This was not sur-
prising given the primarily rural nature of this state. In our present study, we sought to confirm
our earlier results by expanding our collection methods to include high-volume samplers and
Bergerhoff samplers and by repeating our analysis of pine needles.

2 MATERIALS AND METHODS

We used three sampling methods to measure PCDD/PCDF concentrations in the atmosphere of
southern Mississippi. The results from each method are discussed later in this paper. The high-
volume air samplers and the Bergerhoff samplers were set up at the same time and for the same
duration on private properties in Lamar County and in George County. The pine needles were
collected from trees adjacent to these samplers.

2.1 Ambient Air Samples

Air sampling was performed with high-volume samplers as developed and used by the Norwegian
Institute for Air Research (NILU), Kjeller, Norway (9). Each sampling period - December
1995/January 1996 (winter exposure) and June/July 1996 (summer exposure) - consisted of four
one-week exposures. The sampler consisted of a glass fiber filter to collect particulates, and a
polyurethane foam (PUF) plug to absorb the finest particulates and any gaseous PCDD/PCDF.
The air flow was controlled with a pump; the flow rate was set at 7.1 m*h (118 L/min). The top
of the sampling unit was approximately 2 m from the ground and was protected with an iron cap
to keep out precipitation. Before exposure, the filters were spiked with "C,,-labeled
PCDD/PCDF. Extraction, clean-up, fractionation, identification, and quantification of PCDD/
PCDF was performed according to standard procedures and as described by Fiedler er al. (8).

2.2 Deposition Samples

The Bergerhoff method is a standard procedure of the German VDI (Association of German Engi-
neers) to collect dry and wet deposition (10). Fifteen pre-cleaned amber glass jars were placed in
a grid consisting of three lines with five jars each (approximately 1 m between adjacent poles).
The jars were approximately 1.8 m above the ground and exposed for 27-29 days. The total sam-
pling area was 0.0933 m? per location. After exposure, the glass jars were removed from the poles
and, all water, if any, from the jars was combined in one pre-cleaned brown glass bottle. To
remove all PCDD/PCDF collected in the samplers, each jar was first rinsed with distilled water
(150 mL) and acetone (150 mL); all rinsates were combined into one glass jar. Then, the jars
were wiped with pre-cleaned glass fiber filter papers until the filters did not contain any visible
color. All filter papers were placed in one pre-cleaned amber glass jar. PCDD/PCDF concentra-
tions were determined by analyzing the combined water phases and filters according to standard
procedures (11-14).
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2.3 Pine Needle Samples

Southern Long Leaf Pine needles (approximately 230 g) were collected from the two locations
where the high-volume samplers and the Bergerhoffs were set up. The collections were in Janu-
ary 1996 and July 1996, the same sampling times for the other methods. We identified by visual
inspection exposure periods from the January 1996 pine needles of 9 months (growth starting in
April 1995) and 21 months (growth starting in April 1994). Similarly, we identified exposure
periods of 15 months (growth starting in April 1995) and 3 months (growth starting in April 1996)
for the July 1996 collection, Table 3 includes these exposure periods. The sampling and analyti-
cal procedures were described by Fiedler et al. (8).

3 RESULTS

The PCDD/PCDF concentrations for the ambient air samples are given in Table 1 for the sum of
the homologues (ZPCDD/PCDF) and for the I-TEQ. In addition, we calculated the dioxin/furan
ratio (XPCDD/ZPCDF). The ZPCDD/PCDF and the [-TEQ were higher in winter than in summer
by a factor of approximately 3. The mean concentration was 10.9 fg I-TEQ/m? (range: 5.6-17 fg
I-TEQ/m?) for the winter exposure and 3.7 fg [-TEQ/m® (range: 2.3-6.1 fg I-TEQ/m?®) for the
summer exposure. The results for the two sampling locations were comparable. There were more
PCDD present than PCDF in all samples except the Lamar Co., 1st week winter exposure (Table

1).

Table 1: PCDD/PCDF in ambient air samples. % the LOQ (limit of quantification)
for non-quantifiable congeners was used to calculate the I-TEQ.

Location - Week | ZPCDD/PCDF (fg/m?) I-TEQ (fg/m®) ZPCDD/ZPCDF Ratio
Winter Summer | Winter | Summer Winter Summer

Lamar Co. - 1 1756 568 17 6.1 0.97 3.42
Lamar Co. - 2 845 559 12 5.1 2.30 3.41
Lamar Co. - 3 1226 287 13 2.6 3.85 4.02
Lamar Co. - 4 555 * 6.0 * 3.94 *
George Co. - 1 521 214 5.6 2.6 1.47 1.61
George Co. -2 1911 * 13 * 7.08 *
George Co. -3 1616 184 15 23 5.31 1.68
George Co. - 4 567 * 7.0 * 2.59 *
[Mean 1126 362 10.9 3.7

* No sample available due to breakage of sampler or pump.

The PCDD/PCDF results for the deposition samples are summarized in Table 2. The mean con-
centration normalized to pg I-TEQ/(m?-d) for the winter exposure was approximately 4 times
higher than the summer exposure in both counties. Similarly, the sum of the homologues was
three times higher in the winter exposure than the summer exposure for Lamar County. This dif-
ference, however, was not observed for the sum of the homologues in George County, where the
summer exposure was actually greater than the winter exposure (153 pg/(m?*d) vs. 115 pg/(m?-d))
(Table 2).
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The results for the pine needles are shown in Table 3. The ZPCDD/PCDF concentrations ranged
from 10 to 54 pg/g d.m. and I-TEQ ranged from 0.16 to 0.79 pg/g d.m. As can be seen from
Table 3, there is a trend towards higher concentrations with increasing exposure times. However,
there was not a linear correlation between time and PCDD/PCDF concentration.

Table 2: PCDD/PCDF in deposition samples (Bergerhoff method). % the LOQ for non-

quantifiable congeners was used to calculate the I-TEQ.
Location ZPCDD/PCDF I-TEQ ZPCDD/ZPCDF Ratio

pe/(m?*d) pg/(m*-d)
Winter Summer | Winter Summer | Winter Summer

Lamar Co. 188 63.5 3.1 0.42 4.6 8.9
George Co. 115 153 2.0 0.73 3.8 6.1
Mean 152 108 2.6 0.58
Table 3: PCDD/PCDF in pine needle samples. 'z the LOQ for non-quantifiable

congeners was used to calculate the I-TEQ.
Location Shoot | Exposure Time | ZPCDD/PCDF | I-TEQ |ZPCDD/ZPCDF

(Months) (ng/kg) (ng/kg) Ratio

Lamar Co. 1995 9 20 0.29 2.0
George Co. 1995 9 19 0.23 2.5
Mean 9 20 0.26
Lamar Co. 1994 21 37 0.56 2.1
George Co. 1994 21 27 0.40 1.6
Mean . 21 32 0.48
Lamar Co. 1995 15 49 0.55 26
George Co. 1995 15 54 0.79 2.0
Mean 15 51 0.67
Lamar Co. 1996 3 20 0.30 1.9
George Co. 1996 3 10 0.16 2.4
Mean ' 3 15 0.23

4 DISCUSSION

In this study, we confirmed the ubiquitous presence of PCDD/PCDF in ambient air from this rural
area in the southeastern United States. To our knowledge, this is the first study to use three sepa-
rate methods at the same time to determine PCDD/PCDF in ambient air at the same locations. All
three methods can be used to detect PCDD/PCDF; however, more work must be done before
meaningful correlations between methods can be made. Our data also confirm the findings from
Europe that there is seasonal variation in PCDD/PCDF concentrations, with higher levels in win-
ter than in summer. Depending on the method applied (high-volume sampler vs. deposition sam-
ple) and the normalization of data (XPCDD/PCDF vs. I-TEQ), winter concentrations are greater
than summer concentrations by a factor of 1.5 to 4.5.

ORGANOHALOGEN COMPOUNDS
Vol. 33 (1997) 125




Dioxin '97, Indianapolis, Indiana, USA

The PCDD/PCDF levels we measured in southern Mississippi using the high-volume samplers
(2.3-17 fg I-TEQ/m’) are lower than ambient air concentrations (15-20 fg I-TEQ/m®) reported
from remote areas in Germany (1, 2). Likewise, the deposition from southern Mississippi
(0.42-3.1 pg I-TEQ/(m?d)) is lower than in rural areas in Germany (5-7 pg I-TEQ/(m?-d), Ref. 2).

Smith et al. reported 1,200 fg TPCDD/PCDF/m? in a rural site and 2,000 fg ZPCDD/PCDF/m?
near an urban site in the northeast USA (6). The 1993 average deposition was determined to 532
pg ZPCDD/PCDF/(m?d), but no I-TEQ was reported. These levels are two and four times higher,
respectively, than our Mississippi results for the air concentrations and the deposition (see Table 1
and Table 2).

The pine needle concentrations (0.16-0.79 ng I-TEQ/k.g. d.m.) are consistent with our earlier
results where we measured between 0.07 and 0.51 ng I-TEQ/kg d.m. (8).

S ACKNOWLEDGMENT

This work was sponsored by Georgia-Pacific Corporation, Atlanta, GA (USA).

6 REFERENCES

(1) E. Hiester, P. Bruckmann, R. Bohm, P. Eynck, A. Gerlach, W. Miilder, and H. Ristow, Pro-
nounced Decrease of PCDD/PCDF Burden in Ambient Air, Organohalogen Compd., 24,
147-152 (1995)

(2) T. Wallenhorst, P. Krauss, and H. Hagenmaier, PCDD/F in Ambient Air and Deposition in
Baden-Wiirttemberg, Germany, Organohalogen Compd., 24, 157-161 (1995)

(3) H. Fiedler, Sources of PCDD/PCDF and Impact on the Environment, Chemosphere, 32, 55-
64 (1996)

(4) D. Wintermeyer and W. Rotard, Dioxin-Emissionen und -Deposition in der Bundesrepublik
Deutschland - Versuch einer Bilanzierung, Staub - Reinhalt Luft, 54, 81-85 (1994)

(5) R. Duarte-Davidson, P. Clayton, P. Coleman, B.J. Davis, C.J. Halsal, P. Harding-Jones, K.
Pettit, M.J. Woodfield, and K.C. Jones, Polychlorinated Dibenzo-p-dioxins and Furans in
Urban Air and Deposition, ESPR - Environ. Sci. Pollut. Res., 1,262-270 (1994)

(6) R.M. Smith, P.W. O'Keefe, D. Hilker, S. Connor, and E. Posner, Direct and Indirect Contri-
butions of Atmospheric PCDDs and PCDFs to Hudson River National Estuarine Research
Reserve in Sediment Cores, Organohalogen Compd., 24, 141-145 (1995)

(7) B.E. Maisel and G.T. Hunt, Ambient Monitoring for PCDDs/PCDFs in Connecticut - 1995
Program, Final Report Prepared by ENSR for the State of Connecticut, Department of Envi-
ronmental Protection, September 1996

(8) H. Fiedler, C. Lau, K.R. Cooper, R. Andersson, S.-E. Kulp, C. Rappe, F. Howell, and M.
Bonner, PCDD/PCDF in Soil and Pine Needle Samples in a Rural Area in the United States
of America, Organohalogen Compd., 24, 285-292 (1995)

ORGANOHALOGEN COMPOUNDS
126 Vol. 33 (1997)



)

(10)

(In

(12)

(13)

(14)

TRANSPORT AND FATE

M. Ochme, S. Mane, A. Mikalsen, and P. Kirschmer, Quantitative Method for the Determi-
nation of Femtogram Amounts of Polychlorinated Dibenzo-p-dioxins and Dibenzofurans in
Outdoor Air, Chemosphere, 15, 607-617 (1986)

VDI (=Verband Deutscher Ingenieure), VDI-Richtlinien - Messung partikelformiger Nieder-
schlige, VDI 2119, Blatt 1 and Blatt 2. VDI-Kommission Reinhaltung der Luft, Disseldorf,
June 1972 .

EPA, Method 1613: Tetra- through Octa-chlorinated Dioxins and Furans by Isotope Dilu-
tion HRGC/HRMS, Revision A, United States Environmental Protection Agency, Office of
Water Regulations and Standards, April 1990

EPA, Method 8290: Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated
Dibenzofurans (PCDFs) by High-Resolution Gas Chromatography/High-Resolution Mass
Spectrometry (HRMS), Revision 0, US-EPA, November 1992

L.M. Smith, D.L. Stalling, and J.L. Johnson, A Method for the Determination of Part-per-
trillion Levels of Polychlorinated Dibenzofurans, Dioxins, and ortho-Unsubstituted Biphen-
yls in Environmental Samples, Anal. Chem., 56, 1830-1842 (1984)

E.A. Maier, B. Griepink, and U. Fortunati, Round Table Discussions - Outcome and Rec-
ommendations, Fresenius J. Anal. Chem., 348, 171-179 (1994)

ORGANOHALOGEN COMPOUNDS
Vol. 33 (1997) 127




