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Introduction

This paper presents the first known values for emissions of polychlorinated dibenzodioxins an
dibenzofurans (PCDDs/Fs) from seasonal agricultural field burning. Post-harvest field burning is
common practice to remove residues, control weeds, and release nutrients for the next crop cyc
While there appear to be no PCDD/F emission data relating to agricultural field burns, air samplin
during forest firesdid indicate elevated total PCDD/F concentrations (20 figaver negligible
background levels. The potential similarity of forest and agriculture residue biomass sources and t
ubiquity of agricultural field burning suggest that agricultural field burning should be examined for its
role in contributing to the global PCDD/F balance.

The difficulty of obtaining relevant and accurate PCDD/F emission measurements relating t
agricultural field burns has led to laboratory simulations and soil sampling. Laboratory pyrolytic
experiments (2 L/min air, 70C) with rice straw showed PCDD/F emissions at 6 and 22 ng I-TEQ/kg
of raw biomass Efforts to measure PCDD/F soil and ash concentrations before and after forest fire
and wheat straw field burn evehishave found little evidence for significant changes in
concentrations, although shifts to higher homologue profiles were ob&érvdthese methods,
however, do not account for air emissions and cannot be expected to result in emission factors.

The objective of this work was to generate initial PCDD/F emission factors from the combustion o
agricultural biomass in a manner representative of actual burn conditions.

Methods and Material

Two sampling campaigns of biomass burns were conducted in an open burn simulation facilit
(described more fully elsewhéfe consisting of an enclosed, ventilated facility with a sample
weighing platform, high volume air handlers (2.5 volume changes per minute to simulate open bul
conditions), interior recirculation fans, and gas sampling equipment. PCDD/F measurements we
made using a Graseby™ PS-1 sampler by EPA's ambient nietiibis sampler consists of an open-
faced filter holder followed by polyurethane foam (PUF) surrounding an XAD-2 sorbent. The
combined filter and PUF/XAD-2 module was analyzed using high resolution gas chromatography ar
mass spectrometry (HRGC/HRMS) for PCDD/F (in this paper, all references to PCDD/F
concentrations include tetra- to octa-homologues only). Emission factors were calculated in terms
pollutant mass/mass of biomass burned:

E = (Csample Qhut trun)/ (mburne

where E is the estimated emissions in pg/kg burngagblecs the concentration of the pollutant in the
sample in pg/M Q, , is the flow rate of dilution air into the burn hut ir¥/min, t is the run time in
min, and rp, _.is the mass in kg of biomass burned over the run. Toxicity equivalency fauters
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used to derive the toxic equivalence emission factor (TEQ). All non-detects (NDs) were set either
zero or the detection limit (DL), as specified. Blank tests (sampling from the facility without biomas
combustion) were conducted throughout the two sampling campaigns to ensure that the sampling
analysis methods, potential facility contamination, and ambient air PCDD/F concentrations were r
biasing the test results.

The biomass tested include wheat stra@viticum aestivum L, variety Madsen) from Washington
State University’s Lind Dryland Research Station in Lind, WA, in the arid (<25 cm rainfall/year),
central part of the state, and rice straw from Sutter County, CA. The first campaign consisted of win
wheat straw [0.08 % chlorine, CI (dry), 8.89 % moisture] and the second consisted of spring whe
straw [0.82 % CI (dry), 8.80 % moisture]. A single test on rice straw (variety M202, a popular C/
medium grain rice) stubble [0.33 % CI (dry), 9.10 % moisture] was done at the end of the seco
campaign. Wheat straw stubble was gathered from irrigated wheat fields. The rice straw had be
baled and placed in covered storage. The biomass was placed on a burn platform grid in the mat
and density observed in the field: 30 % lying flat, 45 % upright, about 12.5 % semi-upright, and tt
balance was partially decomposed wheat. The moisture content was maintained in the field-samy
condition. Each burn consisted of about 0.75 kg; about 3.5 kg of biomass was used in each day’s bt
Consecutive burns were compiled into a single sample media to limit the possibility of non-detec
such that sampling time ranged from 75 to about 500 min.

Results and Discussion

PCDD/F emission factors are illustrated in Figure 1, showing wheat straw emission factors rangi
from about 337 to 602 pg TEQ/kg and the one rice straw burn at 537 pg TEQ/kg (ND=0). Due tot
emission concentrations and extended sampling time, no NDs were found for the wheat burns—
2,3,7,8-Cl-substituted isomers were greater than the DL. The rice straw burn emission factor increa
to 725 pg TEQ/kg when ND = DL. Sample/background TEQ ratios were about 2/1 and 8/1 for tt
three winter wheat straw emissions (WW1-3) and for the two parallel-sampled spring wheat stre
emissions (SW1-A, -B), respectively. No apparent distinction is observed between backgroun
corrected emission factors for winter and spring wheat burns. This occurs despite a 10-fold differer
in Cl content between the winter and spring wheat stubble, 0.08 % and 0.82%, respectively.

While PCDD/F TEQ values seem equivalent between the winter and spring wheat stubble, there
a noticeable, and surprising, difference between the winter and spring wheat homologue profiles ¢
isomer patterns. The winter wheat stubble homologue profiles (not shown) were very high
octachlorodibenzodioxin (OCDD), while those for the spring stubble and rice straw (not shown), we
high in tetrachlorodibenzodioxin (TCDD) and tetrachlorodibenzofuran (TCDF). The 2,3,7,8-Cl-
substituted congeners are dominated by the OCDD (values of 18,580; 8,270; and 6,740 pg/kg)
octachlordibenzofuran (OCDF) in both wheats, but more so for the winter versus spring wheat stubk
The 2,3,7,8-TCDF has a strong presence in the spring wheat stubble, but is minimal in the win
stubble. As with the homologue profile, the rice straw isomer pattern most similarly reflects that of t
spring wheat. These observed differences in the wheat samples are surprising, especially for the isc
patterns, as the same fuel type and combustion scenario are generally expected to have similar re:
These differences may be related to seasonal variations in Cl cBitaithough the limited number
of tests were not meant to discriminate this factor. Principal Component Analysis (PCA) of th
normalized homologue profiles and isomer patterns (not shown) confirms the distinctiveness of eact
the three biomass types, despite reasonably similar emission factors.

The PCDD/F data ranges for the wheat and rice straw stubble preliminarily suggest that the 2000
TEQ/kg value used for biomass in recent inventétiegerestimates emissions from these specific
biomass sources. Based on published agricultural*datd methods for calculating field burning

136 ORGANOHALOGEN COMPOUNDS Vol. 56 (2002)



FORMATION AND SOURCES

800

700_- I PCDD
[_1PCDF

600 -

TEQkg)

500 ]
400 ]
300 ]
200 ]

PCDD/F CONC. (pg

100 -

0-
ww1t  Ww2 Ww3 SW1-A SW1-B RICE

Figure 1. PCDD/F Emission Factors (pg TEQ/kg of biomass burned) for winter wheat (WW), spring
wheat (SW), and rice straw stubble (RICE). Values shown as ND = 0 (no difference for wheat burt
when ND = DL).

emissions? the estimated annual emissions from burning 1.65 million metric tonnes of wheat stubbl;
and 254,700 tonnes of rice stubble, using an emission factor of 0.5 ng TEQ/kg burned, results in ab
0.8 and 0.1 g TEQ/year, respectively. This value preliminarily suggests that wheat and rice fiel
burning are only minor sources of PCDD/F to the U.S. emission inventory.
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