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Abstract

In Victoria, the tolerance limit for phosphine in grain
arriving at port terminals is zero. This makes it necessary to apply
phosphine-generating formulations in the headspace of storage
structures and to remove residues before grain is transported. There
is a lack of detailed information on such fumigations. The
information available indicates that without gas recirculation, a
fumigation peri~d of 30 days is required when sufficient formulation
to give 0.5 g!m of phosphine is used.

An automated monitoring system that allows measurements of
phosphine concentrations throughout long fumigations and subsequent
ventilations of storage structures has been developed jointly by L&D
Instruments Pty Ltd., the Department of Agriculture and Rural Affairs,
and the Grain Elevators Board, Victoria. The system consists of a
computerized gas chromatograph fitted with a semi-conductor phosphine
detector and gas pump. Gas samples can be pumped from 16 locations in
a silo via a multiposition valve and phosphine concentrations
determined. The gas chromatograph is linked to gas bags containing
phosphine standards which are monitored periodically to calibrate the
instrument. Data obtained are stored electronically and can be
accessed via the telephone and modems linking the gas chromatograph
computer and ~ laboratory-based computer.

Introduction

In Victoria the use of phosphine in the grain bulk handling
system was banned by unions for about 20 years following an accident.
Phosphine can now be used at country storages but a nil tolerance of
phosphine still applies to grain arriving at port terminals.
Consequently, phosphine generating formulations cannot be admixed with
grain but must be applied into the headspaces of storages so that
formulation residues can be removed before ventilation is completed
and grain is transported. For such headspace fumigations to be
successful either with or without the aid of a gas recirculation
system, it is essential that silos are suitably gastight (Banks and
Annis, 1977). Also, the amount of phosphine generating formulation
used must be such that the flammability limit of 1.79% v/v of
phosphine in air cannot be reached or exceeded in the headspace (Green
et. al., 1984). There is a lack of published information on headspace
fumigations with phosphine in vertical steel silos with a capacity of
2000t of wheat, which are frequently used in Victoria. Information
available from test fumigations in New South Wales indicates that,
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wi thout gas recirculation, fumigation periods of ~. 30 days may be
necessary (D. Davis pers. comm.). An automatic monitoring system is
required if phosphine concentrations are to be measured throughout
such lengthy fumigation and ventilation periods, to provide a basis
for recommendations to the grain industry. This paper describes a
preliminary headspace fmnigation without gas recirculation and the
development of an automatic phosphine monitoring system.

Materials and Methods

Preliminary Fumigation with Phosphine applied in a Silo Headspace
A preliminary fumigatio~ was carried out to gain information

on application of phosphine in the headspace of a silo without forced
gas recirculation. A 2000t 3silo filled with wheat to a level which
left a headspace of c. 150 m was used for the fumigation. Since the
silo was nearly full, it could not be rigged throughout with gas
sampling lines. However, 4 mm 1.d. semi-rigid nylon sampling lines
were attached to metal pipe fittings screwed into the north, south,
east and west sides of the silo, 0.5 m above the base. Also two
lines were introduced into the top of the silo, one into the heads pace
and the other 5 m into the grain bulk along the centre line. The silo
was sealed and pressure tested (Banks and Annis, 1977). The top hatch
was then opened, a phosphine blanket (De t La bag blanket containing
3.4kg of aluminium phosphide formulation producing c. 1.1 kg of
phosphine) placed on the grain and the hatch resealed: Phosphine
concentrations in the silo were measured periodically during the
fumigation and subsequent ventilation using Drager tubes. After 40
days the top hatch of the silo was opened, the blanket was removed and
the silo was ventilated for 24h with a centrifugal fan giving an air
change in c.12 h; thereafter, the bin was left open for natural
ventilation-(current standard ventilation practice).

Automatic Phosphine Monitoring System

The automatic gas sampling and analysis system (Fig. 1)
(Model 856, L & D Instruments Australia Pty. Ltd.) used was primarily
designed to:
1. sample from up to 16 locations at predetermined times.
2. analyse the gas samples and calculate phosphine

concentrations.
3. store the results of analysis electronically and as hard

copy.
4. transmit data to a laboratory computer for processing.

Gas lines (3mm i.d. semi-rigid nylon) from 16 locations in a
test silo were connected to a 16 point multiposition valve (Valco
Instruments Co. U.S.A.) controlled by a microprocessor. The valve
outlet was in turn linked by a 3mm i.d. teflon gas line to a diaphragm
pump which drew gas samples from the multiposition valve and into a
sample injector (Valco Instruments Co. U.S.A.) which was also
controlled by the microprocessor. In the gas line between the pump
and the sample injector there was a junction controlled by a solenoid
valve. When activated this valve directed gas from the multiposition
valve to exhaust and connected the sample injector to another gas line
and diaphragm pump. This pump was linked to five gas lines which were
opened and closed by solenoid valves. One of these lines opened to
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the air and the others opened into 5 1 gas bags (Altech 5 layer bags
with layers from inner - outer being: polyester, polyamide, aluminium
foil, polyvinyl lidene, polythylene terephthalate) which were used to
store gas standards. The sample injector (Fig. 2) contained an
injection loop (0.5 ml) into which samples were received and from
which they were delivered into the column of a gas chromatograph
(G.C.) fitted with a semi-conductor phosphine sensor operating at
ambient temperature and using air delivered from a diaphragm pump as
the carrier gas. Chromatography was carried out in an L & D "Phosep"
TM teflon column 400 rom long x 1.5 mm i.d.

Operation of the gas monitoring system is controlled by a
microprocessor programmed to both activate the system and analyse a
series of gas samples from the silo every 6 hours during fumigation
and to store the results from up to 3 days of analyses, though this
storage capacity could easily be expanded. On each sampling occasion,
the microprocessor activates the system and allows for an appropriate
warm-up period for stabilising operating conditions. The
microprocessor then calibrates the G.C. for phosphine on a log/log
dose-response line by sequentially injecting the low and high range
standards and an air reference. That is, the microprocessor initiates
the pumping of gas from one of the gas standard bags into the
injection loop of the sample injector. Once the loop is filled the
injector switches it to connect with the G.C. column and the G.C. pump
forces the sample through the instrument (Fig 2). Standards of 2, 10,
200 and 800 ppm of phosphine are used in the standard bags to provide
calibration information for both low and high phosphine concentrations
at different locations in the silo during fumigation and ventilation.
The sensitivity range of the instrument is automatically selected for
high or low ranges of phosphine concentrations when the instrument is
under automatic control by the microprocessor. Results of the analyses
of the standards are processed by the microprocessor which calculates
the dose-response line. The microprocessor then activates the pump
which draws gas from the multiposition valve and switches the solenoid
controlling gas flow to the sample injector to allow gas from the silo
to enter the injection loop. Each line from the silo is sampled
sequentially and, the period of sampling is predetermined to minimise
any carry-over problems from one sample to the next. The result of
each analysis is stored by the microprocessor for retrieval as
required. The sampling and analysis system is linked to an autoanswer
modem and when data are required in the laboratory the modem is
contacted via a telephone line. The autoanswer modem then facilitates
transmission of data from the microprocessor memory to a modem in the
laboratory for storage in a personal computer (IBM PC programmed with
dBase III). This computer is used to initiate the telephone call to
the instrument at the silo and to process the data obtained.

The sampling and analysis system can also be operated
manually. An operator can select the line from which gas is sampled,
injected and analysed and can also introduce gas samples into the
sample loop and into the column via an injection port. Also a pen
recorder can be connected to the system.
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Fig 2. Gas sample injector (Valco, U.S.A.)
A. Valve switched for collection of gas sample from gas

stream passing through sample injection loop (O.Sml).

B. Valve switched for delivery of sample from the injection
loop into the gas chromatograph column.
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Results

Preliminary Fumigation

Results of the preliminary fumigation with phosphine applied
in the silo headspace are shown in Fig. 3. Phosphine travelled down
the cool south side of the silo, across the base and up the hotter
north-west side. Penetration of the central grain mass was much
slower as indicated by the lower concentrations of phosphine measured
5 m below the grain surface. Purging of the gas from this location
was also difficult with significant concentrations or phosphine (0.3
ppm) being recorded 36 days after the fumigation ceased.

FUMIGATION VENTILA TION
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Fig 3. Phosphine concentrations in a sealed 2000t steel silo during
fumigation with a phosphine blanket (prod~cing 1.lkg of
phosphine) placed in the headspace (150 m ) and during
subsequent ventilation (fan forced air for 24h approx. 2 air
changes, and then natural ventilation).
A Phosphine concentrations in silo headspace.
B Phosphine concentrations in wheat Sm below the surface

along the centerline of the bulk.
C Averages of phosphine concentrations in wheat near silo

walls (measured in north, south, east and west sides)
O.Sm above base of silo.

581



Automatic Phosphine Monitoring System

The phosphine monitorlng system is currently undergoing
testing at the experimentalISt silo site at the Plant Research
Institute before being used in commercial scale fumigations.

Discussion

The above described preliminary fumigation with phosphine
applied in the silo headspace indicated the need for more information
on gas concentrations, particularly from the central core of a wheat
bulk, during fumigat ion and ventilation (both forced and natural).
The fumigation results tended to support the view that long fumigation
periods of ~. 30 days are required for control of insect pests of
stored grain. Hence these results support the need for an automatic
monitoring system to assess the effectiveness of such fumigations.

Although the automatic monitoring system was developed for
experimental studies it has great potential for industrial use. It
could be used without modification for monitoring the progress of
fumigations in large grain terminals and, with appropriate
modifications, might be used as an automatic safety warning device for
the presence of phosphine and other toxic gases in working areas.
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