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1. A recent vessel’s call to 
discharge
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Panamax bulker 
66,000 tonnes maize 

ex Brazil
Cargo fumigated in transit



Load port docs
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Fumigation Notice



Load port docs (2)
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Fumigant Management Plan



Load port docs (3)
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Fumigant Management Plan

No info as regards relative density



Load port docs (4)
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Fumigant Management Plan

Somewhat hidden info in respect of 
occupational exposure limit values

The fumigator just advises to check Engine 
Room spaces and to arrange for max 

ventilation if gas readings found to be
0.3 ppm or higher



Load port docs 
(5)
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Fumigant Management 
Plan

Non GHS compliant 
SDS found in the 

Manual 
Noted as odd since 
Brazil has already 
implemented it
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Current GHS 
compliant SDS 

found via 
internet search
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Current GHS compliant SDS (2)

Exposure limits in respect of phosphine as the 
active ingredient noted as missing.

It is mentioned under section V in the dated MSDS 
attached to the fumigant management plan but 

not expressly related to phosphine
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2. Analysis of the relevant 
IMO Circular
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IMO MSC.1/Circ.1264 27 May 2008
Recommendations on the safe use of 

pesticides in ships applicable to the fumigation 
of cargo holds
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IMO MSC.1/Circ.1264 27 May 2008

3.3.2.7 The ship should carry: 
.1 gas-detection equipment…, together with 
instructions for its use and the occupational 
exposure limit values set by the flag State 
regulations for safe working conditions
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IMO MSC.1/Circ.1264 27 May 2008 (2)

Appendix 1. Fumigants suitable for shipboard use
3.2 Phosphine

3.2.3. Prior to discharge, ventilation must be done, 
forced if necessary, to reduce the gaseous residues 
below the occupational exposure limit values set by 
the flag State regulations in the free spaces
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IMO MSC.1/Circ.1264 27 May 2008 (3)

‘adequate respiratory protective equipment’ 
(Main text para. 3.3.2.7.3)

The SDS for GASTOXIN reads ‘of approved 
type’ which is also a way to skip on stating 

the actual equipment to wear
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IMO MSC.1/Circ.1264 27 May 2008 (4)

No express mention to the availability of 
electronic gas-monitoring equipment, just to 

gas-detection equipment
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Might the above explain why 
most ships receive and 

blindly accept colorimetric 
tubes that are no match 

against electronic gas 
monitors?
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IMO MSC.1/Circ.1264 27 May 2008 (5)

3.3.2.18

‘when the presence of personnel in cargo holds is 
necessary for the handling and operation of 

unloading equipment, continuous monitoring of 
the fumigated spaces should be carried out…’ 

Main text
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IMO MSC.1/Circ.1264 27 May 2008 (6)

3.3.2.19

During the final stages of the discharge, when it 
becomes necessary for personnel to enter the 

cargo holds, such entry should only be permitted 
subsequent to verification that such cargo holds 

are gas free



ISP 78 Fumigation

IMO MSC.1/Circ.1264 27 May 2008 (7)

Do shipmasters and discharge ports actually 
enforce above 3.2.18 and 3.2.19 provisions?

A gas-free certificate upon arrival, prior 
commencement of the discharge, is not 

contemplated in the Circular but all too usual
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3. Is there a need to fumigate?
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Radiograph showing internal stages 
of insects within wheat kernels 

Source: Principles of (phosphine) fumigation by Professor Bhadriraju 
Subramanyam, Kansas State University. IAOM 4th Annual SE Asia 
District Conference. October 2013. Ho Chi Minh, Vietnam



4. Phosphine (PH3)
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PH3
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PH3 (2)
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PH3 (3)
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PH3 (4)
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PH3 (5)
Really that dangerous?
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US NIOSH IDLH Value 
Immediately Dangerous to Life or Health 

50 ppm
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(1) to ensure that the worker can escape from a 
given contaminated environment in the event 

of failure of the respiratory protection 
equipment

(2) to indicate a maximum level above which only 
a highly reliable breathing apparatus, providing 

maximum worker protection, is permitted
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XaverBauret al
Journal of Occupational Medicine and Toxicology (2015) 10:19 

European Society for Environmental and Occupational Medicine (EOM)



5. Available PH3 based fumigants
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PH3 based fumigants
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• Liquefied pressurised gas mixtures containing PH3

• Tablets, pellets, sachets, gas permeable bags or
blister packs containing metal phosphides (AlP or
Mg3P2) that in contact with water or ambient air
moisture give rise to PH3 gas

AlP+3H2O       PH3+Al(OH)3

Mg3P2 +6H2O        2PH3+3Mg(OH)2



PH3 based fumigants (2)
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Registered commercial PH3 or PH3 generating
products contain inert ingredients to regulate the
release of PH3 and suppress or retard flammability

Those for application in gas state present the
advantage that they are safer. No chemical
reaction is involved and this allows for the
instant/immediate start of the fumigation
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Liquefied compressed gas mixture ECO2FUME in 
cylinders for instance contains 2 % by weight PH3

and 98% compressed CO2 that acts as propellant 
and retards flammability

Liquefied pressurised gas mixture VAPORPH3OS 
Phosphine fumigant in cylinders is blended on site 
to less than 3% v/v with forced air to eliminate the 

flammability hazard

PH3 based fumigants (3)



PH3 based fumigants (4)
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GASTOXIN tablets = 57% PH3 

DELICIA-GASTOXIN tablets = 68% PH3
Percentages refer to technical grade PH3, i.e. upon the hydrolysis of AlP

They usually start to react 1 hour after application 
Known potential risk: 

Not reacting fully during the fumigation period and 
doing so in the course of the discharge on 

becoming exposed to moisture ex fresh air ambient



PH3 based fumigants (5)
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Inert ingredients of the above tablets
Basically ammonium carbamate which reacts into  

ammonia (NH3) and CO2

NH2COONH4 2NH3 + CO2

ACGIH TLV NH3 25 ppm (17 mg/m3)
EC SCOEL recommended OEL 20 ppm (14 mg/m3)

This means that inert components mitigate flammability 
risks but are dangerous to inhalation



6. Fumigation methods and 
spaces
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In-transit fumigation of vessel’s holds
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In-transit fumigation (2)
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Recirculation  
system



In-transit fumigation (3)
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Short probe
tubes of polyethylene approx.1.5 m long are 
inserted into the grain to a depth of 2/3 of 

their length; then filled with pellets or tablets 
to at least ½ of the length and then removed 

from the grain



In-transit fumigation (4)
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Long probe
tubes of polyethylene are inserted into the 
grain to a depth of at least 4 meters. Pellets 
or tablets are poured into the probe, and the 
probe is slowly extracted from the grain



In-transit fumigation (5)
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Long probe/short probe combination
At least one long probe in each corner of the 
hold, applying the remaining dose using the 

short probe method



In-transit fumigation (6)
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Tubing system



In-transit fumigation (7)
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Source:  Applicator’s Manual as found in US EPA 2010 re-registration Notice
of GASTOXIN fumigation tablets
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Fumigating with phosphine. GRDC (Australia). 2011.  Chart 
source Kondinin Group



7. Back to the 66,000 T maize case
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Relevant data not made available to 
shipmaster
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Source:  Applicator’s Manual as found in US EPA 2010 re-registration Notice
of GASTOXIN fumigation tablets
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Contents ex Applicator’s Manual



Contents ex Applicator’s Manual (2)
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Contents ex Applicator’s Manual (3)
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Contents ex Applicator’s Manual (4)
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Contents ex Applicator’s Manual (5)
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Need to raise awareness

Convenience of updating the IMO Circular 
to better inform shipmasters


