On the contribution of biomass burning to POPs in air in Africa
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1. Introduction

Forest, savannah and agricultural debris fires in the tropics and subtropics are sources for wide spread
pollution and release many organic substances into air and soil [1], including persistent organic pollutants,
i.e. polychlorinated dibenzodioxins and -furanes (PCDD/Fs) and polycyclic aromatic hydrocarbons (PAHSs).
The significance of this source for the exposure of humans and the environment is unknown. Does biomass
burning constitute eventually a significant source for dioxins in the tropics?

2. Materials and methods

We used the global multicompartment chemistry-transport model MPI-MCTM [2-3] to predict the gaseous
and particle-associated atmospheric concentrations of selected PCDDs and PAHs. The model large-scale
meteorology was constrained by nudging the atmospheric sub-model to re-analysis data (i.e., the historic
weather; ECMWF).

Global emissions of PAHs and PCDDs into air are based on recommended (PCDDs, e.g. [4]) and selected
(PAHs) emission factors applied to fire distributions. Daily real-time fire data are based on satellite-observed
fire radiative power measured from satellite (MODIS instrument) [5]. No other primary sources are
considered. Photochemistry with the hydroxyl radical and ozone in the gas-phase and absorption in the
particulate matter organic phase and adsorption to black carbon (PAHSs [6]) are considered.

Model-predicted near-ground concentrations of PCDDs and PAHs are compared with observations during
January-June 2008 at a number of stations across Africa [7]. Back-trajectory analyses (HYSPLIT [8])
suggest that some of these had been influenced by fire episodes in the region.

2.1. Results and discussion

Contlnental half-year (Jan-June 2008) mean near-ground atmospheric concentrations are 0.0076, 0.51 and
3.25fgm’ % of 2,3,7,8-TCDD, 1,2,3,4,6,7,8- HpCDD and OCDD, respectively. Maxima are in the range 10-
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Figure 1: Model-predicted distributions of 1,2,3,4,6,7,8-HpCDD from open fires in January (left column) and June (right column)
at ~1500 m height (upper row) and ground-level (lower row).




100 fg m™ for 1,2,3,4,6,7,8-HpCDD and OCDD, one order of magnitude lower for 2,3,7,8-TCDD. It is found
that open fires can explain a major fraction of the air pollution by PCDDs in the background of west, central
and southern Africa.

Open fire predicted levels of all PAHs exceed the observed levels at some of the stations by up to one order
of magnitude, in rare occasions by up to two orders of magnitude. Exceedances can be explained by too
high emission factors and/or neglect of photochemical degradation in the particulate phase.

Highest concentrations of PCDD and PAH are predicted in 1-4 km altitude throughout most of the time,
sometimes even higher and sometimes near the ground (Fig. 1). Biomass burning plumes are reportedly
transported high, higher than industrial emission plumes [9]. Aloft, they are dislocated downwind, stretching
far into the Gulf of Guinea (Fig. 1). Predicted open fires related PAH concentrations sometimes exceed
observed levels. This can be explained by model input data uncertainties, namely PAH emission factors and
chemical kinetics data for both the gas and particulate phases.

3. Conclusions

Open fires contribute significantly to the exposure of the African environment to PCDDs. The results support
an at least regional long-range transport potential of PCDD/Fs, and also of PAHs (as suggested earlier [3]).

The incomplete knowledge of chemical kinetics of gaseous and particle-associated PAHs is severely limiting
source attribution and understanding of transport and fate [3,10]. Furthermore, PAH emission factors from
biomass combustion sources should be better established, based on field and open burning facilities studies.
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