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1.0 Participants 

 

 

 
 

Fuelcare is a UK company specialising in the distribution of biocide 

fuel additives. Fuelcare design and manufacture fuel additive 

injection systems. Fuelcare are partners of I.A.S.H., I.A.T.A., 

P.E.I.M.F., British Marine Federation and A.S.T.M. 
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2.0 Change Log 

 

Revision No. Date Changes, Section, Page Numbers  

001 5th February 2020 First Issue. Title changed to be CMIT/MIT-specific rather 

than general fuel biocides and prevent confusion with 
competing products. Expanded the scope to include 

dosing & solubility issues specific to CMIT/MIT Fuel 

Biocides, an evaluation of existing dosing methods and 

general best practices for dosing aviation fuel biocides. 

002 22nd April 2020 As of 10th March 2020, the only aviation approved 

CMIT/MIT Fuel Biocide has been removed from sale (for 

aviation applications) and the document was no longer 

valid. Fuelcare are attempting to provide a replacement 

product with identical CMIT/MIT chemistry. For these 

reasons this document has be renamed and amended to 

generic ‘Fuel Biocide’. Also updated to assist with E.I. 
Aviation Committee publication E.I. 15xx ‘Injection of 

biocide into jet fuel for aircraft maintenance.’ 

003 7th May 2020 Removal of sections concerning dosing systems – will be 
discussed as part of E.I. group on biocide carts, could be 

added in at a later date. 
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3.0 Reference Documentation 

 

Document Title 

Note: all documents publicly available.  
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4.0 Background  

§ In March 2019, a Boeing 787 aircraft experienced a surge in speed from both General Electric 

JQ15 engines during approach to Osaka Kansai International Airport.  
 

§ An investigation into the cause of the incident is ongoing by the relevant national authorities 

assisted by members of I.A.T.A. 

 

§ Initial information appears to suggest that the aircraft, prior to flight, was subject to a maintenance 

procedure involving the application of a CMIT/MIT Fuel Biocide into the fuel tanks.  

 
§ CMIT/MIT Fuel Biocides are some of the only fuel biocides permitted by the global aviation 

industry. Each airframe/engine manufacturer provides advice on how to dose biocides in line with 

those of the additive manufacturer. 

 

§ Whilst the precise cause of the issue on the 787 remains speculative (as of February 2020), 

potential issues highlighted were the solubility and partitioning characteristics of the biocide within 

the fuel tanks of the 787, procedures used to dose the product, as well as concerns of the 

equipment used within the dosing procedure. 
 

§ Further issues around the dosing of biocide additives include agitation, fuel & water content, 

confusion concerning mass vs. volume dosing, chemical handling and traceability of additives 

used. 

 

§ Disclosure: Fuelcare are distributors of CMIT/MIT Fuel Biocides, a manufacturer of fuel additive 

dosing systems and a strategic partner of I.A.T.A. The long-term future of biocides in aviation 

fuels cannot be predicted, however, the commercial & engineering requirement for improved 
dosing systems & procedures remains. 
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5.0  Executive Summary 

§ The Boeing 787 aircraft affected by engine surging in March 2019, has possibly been affected by 

prior dosing of Fuel Biocide.  It is speculated, but not confirmed, that this may be related to 
solubility/partitioning characteristics of the biocide additive, non-standardisation of dosing 

procedures or accuracy of dosing apparatus, or, a mixture of all three. 

 

§ When hydrocarbon fuels are contaminated by microbial growth, microbes reside in both fuel and 

water phases. Different microbial species live in different phases of the tank, in different 

proportions. CMIT/MIT Fuel Biocides are therefore designed to be a fuel and water soluble and 

partition in both phases of a contaminated fuel tank. 
 

§ The partition of CMIT/MIT Fuel Biocides between water and fuel is varied by a chemical 

mechanism, dictated by the levels of water and fuel in the tank.  

 

§ The solubility of CMIT/MIT Fuel Biocides in fuel and water is affected by the partitioning 

characteristics and also temperature-related viscosity changes. For example, an aircraft with 

varying water, fuel and contamination levels within its’ fuel tanks, may experience temperature 

changes which may then affect solubility.  
 

§ Non-standardisation of dosing procedures can cause confusion for aircraft operators, fuel 

custodians & maintenance contractors. Engines and airframe manufacturers provide differing 

advice on dose rate, method of dosing, preventative treatment use, de-fuelling, contact time and 

dilution. Furthermore, operators and the biocide manufacturer have developed their own internal 

advice, which in some cases, may conflict with those of the O.E.M. Fuel Custodians are also often 

confused by the point within the supply chain in which biocides should be dosed. A specification 

is therefore required for dosing biocides into aircraft to eliminate confusion. 
 

§ Non-standardisation of dosing systems can also cause confusion for aircraft operators & 

maintenance contractors. There are multiple systems available with different characteristics such 

as accuracy, repeatability, fuel/additive agitation, handling, approvals and other features. No 

specification exists for dosing system equipment and is therefore required to eliminate confusion. 

 

§ Fuelcare propose the following three areas of work: 
1. A separate study into the solubility & partitioning characteristics of CMIT/MIT Fuel 

Biocides in laboratory & real-world aviation usage. 

2. A specification for dosing aircraft with CMIT/MIT Fuel Biocides (Energy Institute & I.A.T.A. 

Reviewing). 

3. A specification for improved CMIT/MIT Fuel Biocides dosing systems Biocides (Energy 

Institute & I.A.T.A. Reviewing). 
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6.0 Evaluation of CMIT/MIT Biocide Solubility & Partitioning Characteristics 

 

6.1 CMIT/MIT Biocide Background 
 

CMIT/MIT Fuel Biocides are non-volatile aqueous solutions of organic and inorganic compounds, 

utilised as an additive in applications such as aviation fuel storage. When hydrocarbon fuels are 

contaminated by microbial growth, microbes replicate rapidly and cause damage to fuel systems. 

 

Microbial contamination is likely to occur wherever fuel and water come into contact, either in fuel 

tanks or distribution systems. Modern fuelling technology ensures that fuel, on entering the 

aircraft, is almost totally free of undissolved water. However, temperature variations on the ground 
and in-flight result in the condensation of atmospheric humidity or dissolved water within the fuel 

tank. This condensation builds up to form a water bottom. 

 

Microbes can be air and waterborne. Therefore, as the water bottom develops a microbial 

population becomes established in it. For many of the species present in the water bottom, the 

fuel represents an ideal nutrient source. These organisms flourish, living in the water phase, whilst 

feeding on the fuel or tank coatings. In the early cases of contamination, the fungus Hormoconis 
Resinae was the predominant organism. Subsequently, many other organisms (bacteria, fungi 

and yeasts) have been identified as contaminants including pathogens in aviation fuels. This is a 

consequence of both the adaptation of microbial species and greater international travel, which 

has aided the global proliferation of fuel contaminants. 

 

Microbial growth is a biological fuel contaminant that causes various issues for aviation users. 

These include: 

 
Fuel Quality 
 

Aviation fuel should be ‘clear and bright’. Contaminated fuel is often hazy. The primary cause is 

an increase in the water content of the fuel resulting from the production of biosurfactants; by-

products of microbial growth that alter the surface tension at the fuel/water interface. In 

consequence, the solubility of water in the fuel is increased. 

 

Additive Degradation 
 

Many additives present in fuels can be readily degraded by microbes. This means their effect is 

lost and in consequence the fuel may no longer meet the original specification. 
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Structural Damage 
 

Certain microbes can digest components of surface coatings or fuel lines, thus greatly reducing 
their in-service life. Others, known as sulphate reducing bacteria (SRB), cause microbially 

induced pitting corrosion. These may contribute to safety-critical issues. 

 

Filter Plugging 
 

Biopolymers are formed during microbial growth. These are gummy products which block fuel 

lines and plug filters, and consequently cause fuel starvation to the engines. Fuel starvation may 

lead to life-threatening situations due to reduced engine thrust capability. 
 

Slime Growth 
 

Some microbes grow to form filamentous slimes. These slimes can either float in the fuel, where 

they plug filters or adhere to surfaces, or adhere to equipment, for example a fuel gauge may give 

erratic readings. In addition. the susceptibility to microbially induced corrosion of surfaces covered 

with slime is greatly increased. 
 

Composition of CMIT/MIT Biocides 
 

CMIT/MIT Fuel Biocides are designed to be fuel and water-soluble that partitions in both phases 

of a contaminated fuel tank to neutralise these harmful microbes. The partition of CMIT/MIT Fuel 

Biocides between water and fuel is varied by a chemical mechanism, dictated by the ratio of water 

to fuel in the tank, as well as contamination levels in each phase. CMIT/MIT Fuel Biocides are 

not used to physically remove dead microbial biomass, they are only designed to neutralise ‘live’ 
microbial species and help break up biomass that has adhesive characteristics. In most cases, 

the biomass pass-through fuel filters and are burnt harmlessly in the normal engine combustion 

process. 

 

CMIT/MIT Fuel Biocides constitute two main active ingredients (‘A.I.’) that neutralise microbial 

growth, which combine in a reaction mass in a ratio of 3:1 and constitute 1.5ppm of the final 

product. These are ‘C.M.I.T.’ (5-chloro-2-methyl-4-isothiazolin-3-one) and ‘M.I.T.’ (2-methyl-4-

isothiazolin-one), both of which are Isothiazalone derivatives. The remaining 98.5% of CMIT/MIT 
Fuel Biocides constitutes Magnesium Dinitrate, Magnesium Chloride, Water and a Dipropylene 

Glycol solvent.  
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The composition of a typical CMIT/MIT Fuel Biocide is as follows: 

 

Type Ingredient Value 

Active Ingredients 

 

5-chloro-2-methyl-4-isothiazolin-3-one (C.M.I.T.) 1.125% 

2-methyl-4-isothiazolin-one (M.I.T.) 0.375% 

Total Active Ingredients 1.50% 

Inert Ingredients 
(Approximate Value) 

 

Dipropylene Glycol 88.0 - 90.0% 

Water 5.0 - 6.0% 

Magnesium Nitrate 1.7 - 1.8% 

Magnesium Chloride 0.9 - 1.0% 

Total Inert Ingredients 98.50% 

 

CMIT/MIT Fuel Biocides have been used & approved within aviation applications for over 20 

years.  

 

The curative dosage rate of CMIT/MIT Fuel Biocides is recommended as 100ppm by the 

manufacturers, but field experience and in-house testing from a wide range of users has amended 

the dose rate to each specific O.E.M. or user. Furthermore, various other procedures concerning 
the product have been amended including contact time, dosing equipment, de-fuelling, dilution 

and also the products’ use as a preventative treatment. 

 

 

 C.M.I.T. M.I.T. 

Structure 

  

Name 5-chloro-2-methyl-4-isothiazolin-3-one 2-methyl-4-isothiazolin-one 

Formula C4H4ClNOS  C4H5NOS  
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Ratio 3 1 

 

6.2 Solubility Characteristics 

 
CMIT/MIT Fuel Biocides are designed to be soluble in water and fuel in order to neutralise 

microbes in both phases of a fuel tank. However, different conditions may yield different solubility 

characteristics which may then affect the product within aviation fuel storage. Solubility 

characteristics of CMIT/MIT Fuel Biocides may change based on partitioning, how the product is 

mixed with the fuel and viscosity at different temperatures. An analysis of these characteristics 

can hopefully inform users on how to improve storage, handling and dosing procedures. 

 

Partitioning 
 

Full, precise data on solubility CMIT/MIT Fuel Biocides is unavailable. However, some elements 

are known based on laboratory studies and published results from the manufacturer.  

 

Firstly, CMIT/MIT Fuel Biocides are designed to partition between the fuel and water phases of a 

tank (see 6.3). Therefore, any difference in solubility characteristics of a CMIT/MIT Fuel Biocide 

in fuel or water phases can be amplified based on the level of fuel or water in the storage tank. 
One previous manufacturer of CMIT/MIT Fuel Biocides states: 

 

” [The product is] Soluble in fuel at levels below the solubility level 0.5% by weight 

or 75ppm active ingredient. The active ingredient in [a typical CMIT/MIT Fuel 

Biocide] is completely soluble in water. Note that the product solvent, Dipropylene 

glycol, is not completely soluble in fuel.” 

 

Whilst the product is completely soluble in the water phase, if different levels of fuel and water 
reside in the tank, the solubility of CMIT/MIT Fuel Biocides will be different for the fuel phase, 

based on the inability for Dipropylene Glycol to be completely soluble. To what degree the solvent 

is soluble in fuels is not known and requires examination. 

 

In aircraft tanks where only minute volumes of water are present, this may leave the solvent 

component of CMIT/MIT Fuel Biocides being insoluble in the fuel phase, potentially leading to a 

build-up on the tank bottom (the solvent is denser at 1.0440kg/l @ 25°C than the fuel residing 

above it – Jet A1 typical value 0.804kg/l @ 15°C). As discussed in 6.3, the active ingredient of 
CMIT/MIT Fuel Biocides partitions into the water bottom in different ratios which may further 

exacerbate the issue. Partitioning may also be affected by the length of storage time and rate of 

turnover of the fuel within the tank. 
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This topic, specifically the solubility of the CMIT/MIT Fuel Biocide solvent, Dipropylene Glycol, 

within the fuel phase of a fuel storage tank requires further investigation. However, it must be 

noted that the product has been used and approved by a large variety of O.E.M.’s and users 
across all industries for over 30 years without deleterious effects. In potentially hundreds of 

thousands of operations using the product, no solubility issues have yet been identified officially. 

 

Mixing 
 

Datasheets for CMIT/MIT Fuel Biocides show a requirement to agitate the fuel and biocide 

mixture together, a standard practice for fuel additives: 

 
“The biocide should be added in such a manner so as to allow good mixing and 

uniform distribution of the biocide across the fuel.” 

 

The requirement is therefore to have the product mixed into fuel thoroughly, and some existing 

dosing procedures may require revision. For example, mixing the product with fuel prior to dosing 

(as a pre-mixture) is not recommended, therefore mixing a higher than recommended volume of 

biocide with fuel prior to diluting within a tank may cause the product to become insoluble. The 
original brochure states: 

 

“Pre-dilution of [CMIT/MIT] microbicide is not recommended, however, since the 

level of biocide in the pre-mix may exceed the solubility level in the fuel.” 

 

The product dosing procedure should therefore be simplified and streamlined to ensure a 

consistent mix of fuel and biocide. The use of pre-mixing should be removed completely to 

prevent any confusion for users. Many existing procedures of dosing are in use, however not all 
may provide an adequate level of agitation and solubility. 

 

Viscosity & Temperature 
 

Finally, solubility can be affected by temperature. As CMIT/MIT Fuel Biocides have high viscosity 

at low temperatures and low viscosity at high temperatures, the viscosity curve of the product can 

affect the dissolution rate i.e. the rate at which the compounds in CMIT/MIT Fuel Biocides dissolve 

into the fuel and water phases.  
 

Using the Nernst and Brunners adaptation of the Noyes-Whitneys equation for the relationship 

between viscosity and solubility:  

 
dW
dt = 	

D	x	A	(S+,, − C/012)
h  
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we can identify that the higher the viscosity, the slower the rate of dissolution. In short, if CMIT/MIT 

Fuel Biocides are dosed at low temperatures where it will have high viscosity, the time it takes to 
dissolve in the fuel and water is higher and mixing may also require stronger agitation.  

 

As the viscosity curve of CMIT/MIT Fuel Biocides changes significantly below 10°C these 

temperatures should be avoided for storage and dosing. For reference the datasheet for a typical 

CMIT/MIT Fuel Biocide recommends a temperature between 1°C and 55°C. 

 

The product MSDS notes a viscosity of 97.800 mPa.s at 25.00°C and third-party laboratory work 

from Shell in 2012 illustrates the full viscosity curve using the Brookfield method below:  
 

Temperature (°C) Viscosity (cps) 

50 22.69 

40 38.49 

30 70.09 

20 142.43 

10 332.01 

0 895.98 

-10 2848.53 

 

Recommendations 
 

§ Information on solubility has been requested from CMIT/MIT Fuel Biocide manufacturers, 
however further work should be considered, particularly around the solubility of the 

solvent, Dipropylene Glycol when dissolved into fuels where little to no water is present.  

 

§ Dosing of CMIT/MIT Fuel Biocides should be performed at a temperature above 10°C 

due to the viscosity effects of low temperature on CMIT/MIT Fuel Biocides. This ensures 

a stable dissolution rate and good mixing between biocide and fuel. Datasheets & 

procedures should be amended. 

 
§ Storage of CMIT/MIT Fuel Biocides should be at temperatures between 10°C and 55°C. 

Datasheets & procedures should be amended. 
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§ Pre-mixing CMIT/MIT Fuel Biocides with fuel should be prohibited. The level of biocide in 

the pre-mix may exceed the solubility level in the final fuel mixture leading to a build-up 
of biocide in the tank bottom. References to pre-mixing in manuals and datasheets should 

be removed and procedures amended. 

 

§ A good mixture of both CMIT/MIT Fuel Biocides and fuel is required during dosing 

procedures. Differing dissolution rates require a consistent and thorough method of 

mixing. Dosing systems and procedures should be updated and standardised. 

 

6.3 Partitioning Characteristics 
 

 CMIT/MIT Fuel Biocides have a recommended maximum aviation curative dosage rate of 100 

ppm suggested by some manufacturers. This value was recommended based on certain 

conditions, i.e. that the fuel tank water phase volume was present but low and fuel turnover was 

high, typical assumptions for aviation applications.  

 

Tests were undertaken by a manufacturer in conjunction with Rolls Royce on the CFM56 engine 
using these assumptions and a dosage rate of 100ppm for curative usage was approved during 

initial product approvals. Tests up to 400ppm were also undertaken to demonstrate engine 

reliability if overdosed and no issues were identified. 

 

To help demonstrate how this dosage rate was calculated, a dataset was created by the 

manufacturer’s chemists, based on the partition coefficient effect of CMIT/MIT Fuel Biocides 

between fuel and water phases within an aviation fuel tank. Furthermore, the datasheet for a 

CMIT/MIT Fuel Biocide illustrates the Partition Coefficient as: 
 

n-octanol Water 

0.401 Measured -0.486 Measured 

 
 The ratio of the concentration in fuel vs. concentration in water for each component is as follows: 

 

C.M.I.T. M.I.T. 

0.176 0.003 
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 The full dataset using 100ppm (aviation dosage) is as follows: 

 

Dosage of Total a.i. to 
Whole System (ppm) 

Fuel to Water Ratio Approximate Total Active Ingredient 
Concentration in Each Phase (ppm) 

Fuel Water 

1.5 500:1 1.34 81.3 

1.5 100:1 1.40 100.2 

1.5 2000:1 1.44 113.6 

1.5 3000:1 1.46 118.9 

1.5 5000:1 1.47 123.6 

 

To illustrate this partition effect, the manufacturer has created a set of examples that are likely in 

real-world usage. 

 

The first example simulates the level of CMIT/MIT Fuel Biocides in water droplets entrained within 
the fuel itself where free water is not present (i.e. the ‘average case’), and represents a typical, 

well-maintained fuel supply chain & aircraft. The second example simulates the level of CMIT/MIT 

Fuel Biocides in a wing storage tank that contains a high volume of water (i.e. the ‘worst case’) 

and represents a poorly maintained fuel supply chain & aircraft.  

 

In both cases, the level of CMIT/MIT Fuel Biocides is high in the water phase in order to eradicate 

a severe microbial contamination. Studies given on CMIT/MIT Fuel Biocide distribution have 
shown the data demonstrated here reflects real-world conditions particularly in aviation 

applications where the surface area ratio between oil and water is low and the agitation of the fuel 

is high. 

 

Example 1: Simulation of partition coefficient effect in water droplet of the Jet A1 
 

Assuming the level of entrained water in Jet A1 does not exceed 200ppm, using the partition 

coefficient calculation it is possible to demonstrate that a 100ppm CMIT/MIT Fuel Biocide curative 
dose level is an efficient dosage rate.  
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In an aircraft tank of 2,000 litres of JET A1, the dataset demonstrates that the water droplet 

concentration is high with around 100 ppm active ingredient in the entrained water present in the 

fuel phase: 
 

Partition Coefficient of CMIT/MIT Fuel Biocides In Jet A1 

CMIT/MIT Fuel Biocides (ppm)  100 

Active Ingredient (ppm) 1.50 

Volume of Fuel (m3) 2.00  

Volume of Water (m3) 0.000400  

Results 

Concentration in Hydrocarbon Phase (ppm M.I.T.) 0.3188 

Concentration in Hydrocarbon Phase (ppm C.M.I.T.) 1.1489 

Concentration in Water Phase (ppm M.I.T.) 106.2665 

Concentration in Water Phase (ppm C.M.I.T.) 6.5281 

 

 
Example 2: Simulation of partition coefficient effect in water bottom of the Jet A1 
 
In an aircraft tank of 2,000 litres of JET A1 and a water bottom of 100 litres, the dataset 

demonstrates that the water bottom concentration contains a total of 10 ppm active ingredient 

(5ppm of which is the chlorinated compound) and is highly sufficient to control severe microbial 

fouling: 

 

Partition Coefficient of CMIT/MIT Fuel Biocides In Jet A1 

CMIT/MIT Fuel Biocide (ppm)  100 

Active Ingredient (ppm) 1.50 

Volume of Fuel (m3) 2.00  

Volume of Water (m3) 0.100000  
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Results 

Concentration in Hydrocarbon Phase (ppm M.I.T.) 0.01 

Concentration in Hydrocarbon Phase (ppm C.M.I.T.) 0.87 

Concentration in Water Phase (ppm M.I.T.) 4.97 

Concentration in Water Phase (ppm C.M.I.T.) 4.97 

 

 Effects 
 

 The active components of CMIT/MIT Fuel Biocides will migrate to the water bottoms of fuel 

storage tanks and shouldn’t be a concern with the current aviation issues. Concentrations will 
depend on several factors which should be investigated for the recent 787 issues: 

 

§ Initial treatment level 

§ Length of storage time 

§ Rate of turnover of fuel 

§ Supply chain housekeeping practices 

§ Dosing of biocides elsewhere in the supply chain 

§ Water content of the fuel tank during dosing 
§ Water content of the fuel tank during each stage of the flight 

§ Temperature of CMIT/MIT Fuel Biocide storage and ambient conditions during dosing 

§ Method of mixing/agitating biocide and fuel 

 

Recommendations 
 

§ Ensure water concentrations in fuel storage tanks are known in advance of treatment, 
ideally noting the fuel/water ratio. 

 

§ Ensure dosing adheres to the contact times recommended by the manufacturer so 

partitioning is consistent with guidelines. 

 

§ Monitor or limit fresh fuel deliveries into treated fuel tanks to prevent microbial 

reinoculation, water, dilution or non-standard additives that may neutralise or alter the 

active ingredients in CMIT/MIT Fuel Biocides, or in some cases alter the fuel water ratio. 
 

§ Check with fuel suppliers throughout the supply chain if biocides have been added 

elsewhere. 
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§ Monitor and audit housekeeping practices of all parts in the fuel supply chain. 

 
§ Ensure biocides and contaminated fuel are removed from storage tanks prior to flight, 

specifically the water phase where the biocide paritions. 
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11.0  Appendix 
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12.0 Glossary 

 

Term Description 

Fuel Biocide A liquid chemical additive used to prevent & treat the growth of harmful 
microbial species in hydrocarbon fuels. 

I.A.T.A. International Air Transport Association – the leading body that represents 
airlines, O.E.M.’s and suppliers in the aviation sector. 

I.A.S.H. International Association for the Stability & Handling of Liquid Fuels – an 

independent body concerned with fuel quality including the aviation sector. 

 

 

 

 


