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ABSTRACT

The evolution of free phosphine from soil samples collected from seven different areas in Germany was
observed in laboratory experiments. Phosphine emissions increased after additions of manure, glucose,
formate, pyrogallol and sulphide, revealing a potential influence of microbial activity on the liberation of
phosphine. However, the concentrations decreased as time progressed.

Soil samples exposed to phosphine removed the gas according to an exponential relationship. When Fe(I1I)
was added to soil samples, phosphine removal was accelerated.

The release of phosphine from soils to the atmosphere was concluded to be dependent on a balance of natural
generation and depletion processes. At every time “matrix-bound” phosphine, which constitutes a trace of
this balance, can be liberated by acid digestion of the soils. © 1997 Elsevier Science Lud

1. INTRODUCTION

The work reported here was stimulated by the need to understand the observation of phosphine in the
environment during waste handling (manure, landfills, composting), in marsh gas and in the atmosphere.

Until recently, the earth’s phosphorus cycle was believed to be restricted to phosphorus species which are
transported in the liquid or solid phase (Wollast e al, 1993). According to present knowledge, the
biochemistry of phosphorus essentially contains this element in the oxidation state +5 (Williams, 1978), and a
few pathways exist that form phosphonic and phosphinic acid derivatives existing in the condensed phases
(Bayer ef al., 1972, Hori et al., 1984; Wackett ef al, 1987). In contrast to carbon, nitrogen, sulphur, oxygen
and some other elements, phosphorus was not acknowledged as participating in the gaseous atmosphere in its
reduced form (phosphine, PHa). Although some authors argued the phosphine found occasionally in the

anaerobic biosphere was of biogenic origin (e.g. Devai ef al., 1988), a phosphine-free atmosphere was
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generally seen in relation to the widely assumed inability of microorganisms to reduce phosphate to
phosphine (Berners-Price and Sadler, 1988).

Nevertheless, due to the improvement of phosphine analytics, phosphine has recently been found to be a
ubiquitous trace gas in the atmosphere (Glindemann er al., 1996a, Gassmann er al, 1996). Increased
phosphine concentrations were detected in marsh gas (Devai and Delaune, 1995), as well as in a variety of
local anaerobic technologies such as sewage sludge and manure treatment plants, in deposits and in the faeces
of humans, ruminants and swine (Gassmann and Glindemann, 1993, Glindemann and Bergmann, 1995;
Glindemann ez al., 1996b,c). Dry-land soils as a possible widespread natural source of phosphine have never
been investigated. Our first limited field experiments failed to detect phosphine in soil interstitial air.
However, laboratory experiments were successful in liberating phosphine by acid digestion of soils (“matrix-
bound” phosphine). Beginning with the working hypothesis that under natural pseudo-steady-state conditions
a biologically induced liberation of phosphine is too slow in comparison to its depletion, we decided to
continue work under conditions that would favour microbial activity in soils. We tested seven soil samples
from different locations in Germany between March and July 1996 for their potential to release or take up
phosphine. Some of the samples were collected from urban areas, others from rural areas, where the impact
of anthropogenic activities was less likely. In addition to acute phosphine evolution we determined the
potential phosphine release capacities of the soil samples by adding several supplements which could act as
stimulatory agents for microbial activity or could otherwise be of ecological relevance in soils. To evaluate
the role of soils as a sink for phosphine, samples were exposed to known phosphine concentrations and

phosphine removal kinetics were determined.

2. MATERIALS AND METHODS

Soil samples were collected from the upper layer (0 to 10 cm) with a plastic spoon and stored in sealed
plastic bags at 4°C until use. Particles exceeding 5 mm in diameter were removed by hand.

To determine phosphine release capacities, 25 g portions of soils were placed in 150 ml serum bottles; the
bottles were either purged with nitrogen (nitrogen 5.0, Messer-Griesheim) to establish anaerobic conditions
or were not purged for experiments under aerobic conditions. The bottles were sealed with phosphine-inert
stoppers and incubated at 37°C. Gas samples were taken with 10 m! plastic syringes with canules through the
stopper and analyzed for phosphine by gas chromatography. Whenever supplements were made, they were
added as solid chemicals (except manure) and mixed with the soil until homogenity. The supplements used
were pyrogallol, sodium sulphide (as Na,S * 7-9 H,0), glucose, sodium formate, iron(II) chloride (as FeCl, *
4 H,0) and iron(111) chloride (as FeCl; * 6 H,Q) at a concentration of 8 mMol, as well as 0.2 g swine manure
per gramm of soil.

Phosphine removal kinetics by soil samples was determined in sealed 50 ml plastic syringes filled with 2 g soil

and 50 ml phosphine standard (phosphine 5.0, Messer-Griesheim) in nitrogen or air. The reaction
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temperature was 25°C. A separate syringe was used for each gaschromatographic analysis. The phosphine
removal curves obtained are thus supported by a large number of independent assays.

“Matrix-bound” phosphine of the soils was determined by acid hydrolysis. A portion of 2 g soil material was
boiled in 1 M sulphuric acid for 5 minutes and the evolved gases were trapped in 50 ml nitrogen using a
plastic syringe.

For the gas chromatographic phosphine analyses, a cryotrapping technique and an NPD were applied using
the method previously described (Glindemann et al., 1996b).

The water content and the organic dry weight were determined after drying the soil samples until the masses
were constant at 105°C and 600°C, respectively.

Soil pH values were measured in suspensions of 5 g soil in 50 ml of distilled water.

3. RESULTS

Phosphine release from soil samples

Some physical parameters of the soil samples taken from seven different sites in Germany (Fig. 1) are shown
in Table 1. A soil sample from a maize field near Leipzig was selected to examine the phosphine release
capacities when various supplements were added: pyrogallol is an aromatic compound structuraily similar to
those which are formed during the microbial cleavage of lignin and undergo autoxidation to participate in the
build-up of soil humus; sulphide is a reducing agent that can be formed in anaerobic soil zones by sulphate-
reducing bacteria; glucose and formate are model compounds to simulate the stimulatory impact of plant root
exudates on microbial activity and the addition of swine manure to the agricultural soil modelled the widely
applied practice of manure disposal on fields to boost plant growth.

The gaseous phosphine quantities evolved after 2, 5 and 24 hours are summarized in Table 2. Very little
phosphine evolved from samples without suppiement. Whenever formate, glucose or manure were present, a
moderate increase in phosphine release was observed, at least under anaerobic conditions. This effect was
more pronounced in the presence of pyrogallol. Up to two orders of magnitude more phosphine was released
when sulphide had been added. Oxygen generally had a limiting influence on phosphine evolution indicated
by considerably higher values under anaerobic conditions. No significant time course of phosphine evolution
was observed; however the values after 24 hours were lower than at 2 and 5 hours in most cases, indicating
the preexistence of a phosphine removal mechanism.

Table 3 contains the quantities of “matrix-bound” phosphine and free phosphine released from the seven soils
tested under aerobic and anaerobic conditions. The stimulatory effect of pyrogallol and sulphide on
phosphine release was generally confirmed with a few exceptions. The quantities of free phosphine evolved

never reached the level of matrix-bound phosphine which was liberated by acid hydrolysis from the sample.



























