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PETITION TO ADD ETHYLENE GENERATED ON-SITE FROM ETHANOL AS A GROWTH REGULATOR 
FOR POTATOES AND ONIONS IN STORAGE TO THE NATIONAL LIST OF ALLOWED SUBSTANCES 

FOR ORGANIC PRODUCTION 
 
 

A.1  National List inclusion 
Ethylene gas is listed on the National List in Section 205.605(b) "Synthetics allowed." for use in 
postharvest ripening of tropical fruit and degreening of citrus.  We hereby petition to add use of ethylene 
gas for potato and onion storage generated on-site by catalytic conversion of ethyl alcohol to this list.   
Given that ethylene is a naturally-occurring, plant produced growth hormone, NOP may wish to revise the 
"synthetic category, although the intended use in this case involves production of the ethylene via a 
catalytic conversion process from ethyl alcohol.  It is our understanding that this use was not included at 
the the same time because it had not yet come into common use.   
 
B. 
1.  Substance name:   

Common name   ethylene 
IUPAC name   ethene 
CASRN     74-85-1 
 

Structure   C2H4         
 

 
2.  Petitioner: 
Don O'Shaughnessy, Ph.D., DABT 
President, D. O'Shaughnessy Consulting, Inc. 
206 Traditions Blvd 
Bowling Green, KY 42103 
doctox@mac.com     270-537-5139 
 
Manufacturer:  Not applicable.  Substance is generated on-site at crop storage facilities. 
 
3.  Current and Intended Use 
The product is registered by US EPA for use as follows: 
Ripening of avocados, bananas, citrus fruit, Kiwifruit, mangos, melons, papayas, pineapples, stone fruits 
(nectarines, peaches, plums), tomatoes, walnuts, and tobacco; and to prevent sprouting of potatoes and 
onions in storage.  Ripening aid for greenhouse tomatoes and bell peppers.  (Appendix 1, sample EPA-
registered label) 
 
It is the use in enclosed storage facilities for harvested organic onions and potatoes that is the subject of 
this petition. 
Ethylene is a naturally occurring plant growth regulator with a significant history of human exposure via 
natural and anthropogenic sources, including use on food commodities and in anesthesia practices. The 
first product containing Ethylene was registered by the Agency in December, 1971. Currently, there are 
nine active Ethylene end-use product(s) (EPs) with active registrations with the Agency. These products 
are registered for use as plant growth regulators and herbicides. On May 18, 1990, the Agency classified 
Ethylene as a biochemical pesticide because it is a naturally occurring compound with a nontoxic mode of 
action to the target pest(s) / plant(s), and has a history of exposure to humans and the environment 
without any reported negative effects.  (See EPA RED and Work Plan for ethylene, Appendix 2). 
 
4.  Activities and Application Rate 
Ethylene is the primary component in most plastics.  It is produced primarily by steam-cracking of 
hydrocarbons, but can alternatively be produced by the dehydration of ethanol, which can be produced 
from fermentation processes using renewable substrates such as glucose, starch and others.   



Ethylene gas is highly flammable, and dangerous to store and transport.  Accordingly, it is preferable to 
generate the ethylene on-site by catalytic dehydration of ethanol to ethylene and water. 
In the activity intended in this petition, ethylene gas is generated by passing ethyl alcohol vapor over a 
heated -alumina surface.  The amount of ethylene emitted and allowed to accumulate in the contained 
space is regulated by a sensor.  The operator of the equipment simply connects a tube from a container 
of denatured* ethanol to the catalytic generator machine.  The operation manuals for potato and onion 
storage uses are included in Appendix 3.   

* Under US tax law, ethanol not intended for consumption as a beverage must be denatured in a manner that prevents its 
conversion by any practical means back to beverage grade ethanol.  Ethanol for ethylene PGR production use is denatured with 
ethyl acetate (and referred to as "Special Denatured Alcohol, Formula #29), which is approved by US EPA for this use, and is 
similarly converted in the catalytic process to ethylene and water.  The manufacturing process and formulation data are included 
in Appendix 4  

 
5.  Manufacturing Process.   
The process for fermentation and distillation of the alcohol, and addition of denaturant is included in 
Appendix 4.  The synopsis is: 
a)   Grain (primarily corn) is ground, and fermented using yeast to a "beer" with a moderate ethanol 
content.  This is distilled and re-distilled by heating and condensation of the vapors until the ethanol / 
water content reaches a minimum-boiling azeotrope of ~ 95% ethanol.  Ethyl acetate is stirred in at 1% 
v/v equivalent to 0.99% w/w.   

b)  The process of catalytic dehydration is explained in Appendix 5, and the "user" process for production 
of ethylene from ethanol is included in the User Manuals (Appendix  3). 
 
6.  Ancillary Substances 
The precursor substance to the ethylene is denatured alcohol (95% v/v with 1% v/v ethyl acetate, equal to 
91.94 % ethanol by weight), and the remainder water.  The substance for which inclusion in the National 
List is sought is the ethylene resulting from catalytic dehydration.  A 5- batch analysis of the ethylene gas 
is included in Appendix 6.  This shows that only ethylene and water are emitted.   
 
7.  Previous Reviews. 
We are not in possession of previous reviews by USDA per se.  However, we note that ethylene is listed 
in the National List under 205.605 (b) for postharvest ripening of tropical fruits and degreening of citrus.  It 
is similarly listed in Canada, to include sprouting of potatoes, and in the EU to include inhibition of 
sprouting of potatoes and onions.  Documentation is included  in Appendix 7.  A summary review 
document of the EC ad-hoc expert group on pesticides in organic food production is also included in 
Appendix 8. 
 
8, 9  Regulatory Authority / CASRN / Labels 
CASRN is indicated in Section B.1.   
An example of one of the US EPA-registered products is included in Appendix 1.  Again, it is noted that 
the EPA registered product is ethanol which is the product delivered to the storage facilities.  However, it  
is the ethylene generated on-site that is at issue.   
 
10.  Physical  / Chemical Properties 
These are detailed in the OECD SIDS document Appendix 8.  Ethylene is a gas with a BP of -103.71 ºC.  
It has marginal solubility in water. 
 
11.  Safety information 
An SDS for ethylene is included (Appendix 9).  However, it should be noted that this SDS is for 
compressed ethylene gas, and the principal hazard is flammability / explosion.  The safety of ethylene in 
this use pattern is better represented in the EPA RED for ethylene (Appendix 2).   
 
12   Research and Justification 
The EPA RED (Appendix 2) details many advantages of using ethylene as a sprout inhibitor.  It is effective 
at a very low rate of exposure, is of exceptionally low toxicity to non-target species and users, is naturally 
occurring in plants, and is a volatile gas that dissipates rapidly with no residue in crops or in soil, and 



does not contaminate water.  The use of ethanol-fueled on-site generators provides a much greater level 
of safety vs. transport of compressed flammable gas ethylene.   
Appendix 10 includes several references to the utility of ethylene.  In particular, it should be noted that 
sprout inhibition is an economic need for sustainable farming and food supply chains.   
We are not aware of any presently nor historically existing organic alternatives to ethylene gas for these 
purposes.  
 
13 Justification Statement for Inclusion of a synthetic on the National List 
 
Ethylene gas, generated on-site from ethanol, is already listed in the National List for some uses in 
organic crops, and in other jurisdictions for storage of potatoes and onions.  Inclusion in the National List 
should be expanded to include in-storage sprout inhibition of potatoes and onions.  Although generated 
"synthetically" by catalytic dehydration of ethanol, it is also naturally produced and emitted by plants as a 
PGR.  It leaves no residue in crops, soil, or water, and is of exceptionally low toxicity to non-target 
species.  Use of ethylene displaces use of chemical pesticides such as CIPC, which may have crop 
residue and worker exposure issues.   
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APPENDIX 1 
 

EXEMPLAR EPA REGISTERED LABEL FOR AN ETHANOL PRECURSOR PRODUCT FOR 
GENERATION OF ETHYLENE ON-SITE IN CROP STORAGE 

 
 



 
 

 
U.S. ENVIRONMENTAL PROTECTION AGENCY 

Office of Pesticide Programs 

Biopesticides and Pollution Prevention Division (7511P) 

1200 Pennsylvania Ave., N.W. 

Washington, D.C.  20460 

 
EPA Reg. Number: 
 
92717-1 
 

 
Date of Issuance: 

 
5/29/2020 

NOTICE OF PESTICIDE:  
          X  Registration 
               Reregistration 

 
Term of Issuance:   
Unconditional 

                                  (under FIFRA, as amended)  
Name of Pesticide Product: 
Restrain Generator Fuel 

 
Name and Address of Registrant (include ZIP Code): 
Restrain Company, Ltd. 
Unit 7, The Forum, Minerva Business Park, Lynch Wood 
PE2 6FT Peterborough, England 
 

Note: Changes in labeling differing in substance from that accepted in connection with this registration must be submitted to and accepted by the 

Biopesticides and Pollution Prevention Division prior to use of the label in commerce. In any correspondence on this product, always refer to the above EPA 

Registration Number. 
 
On the basis of information furnished by the registrant, the above named pesticide is hereby registered under the 
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA or the Act). 
 
Registration is in no way to be construed as an endorsement or recommendation of this product by the U.S. 
Environmental Protection Agency (EPA). In order to protect health and the environment, the Administrator, on 
his or her motion, may at any time suspend or cancel the registration of a pesticide in accordance with the Act. 
The acceptance of any name in connection with the registration of a product under the Act is not to be construed 
as giving the registrant a right to exclusive use of the name or to its use if it has been covered by others. 
 
This product is unconditionally registered in accordance with FIFRA section 3(c)(5) provided that you: 
 

1. Submit and/or cite all data required for registration or registration review of your product when the EPA 
requires all registrants of similar products to submit such data. 
 

2. Submit storage stability and corrosion characteristics (Guidelines 830.6317 and 830.6320) data as these 
data requirements are not satisfied. A one-year study is required to satisfy these data requirements. You 
have 18 months from the date of this registration to provide these data to the EPA.    

 

 
Signature of Approving Official: 

 
Andrew Bryceland, Team Leader  
Biochemical Pesticides Branch 
Biopesticides and Pollution Prevention Division (7511P) 
Office of Pesticide Programs  

 
Date: 

 
 
               5/29/2020 

EPA Form 8570-6 
  

 



 
Page 2 of 2 
EPA Reg. No. 92717-1 
OPP Decision No. 550465 
 

3. Make the following labeling change before you release this product for shipment: 
  
 Revise the EPA Registration Number to read, “EPA Reg. No. 92717-1.” 

 
4. Submit one (1) copy of the final printed labeling for the record before you release this product for 

shipment.  
 

Should you wish to add/retain a reference to your company’s website on your label, then please be aware that the 
website becomes labeling under FIFRA and is subject to review by the EPA. If the website is false or misleading, 
the product will be considered to be misbranded and sale or distribution of the product is unlawful under FIFRA 
section 12(a)(1)(E). 40 CFR § 156.10(a)(5) lists examples of statements the EPA may consider false or 
misleading. In addition, regardless of whether a website is referenced on your product’s label, claims made on the 
website may not substantially differ from those claims approved through the registration process. Therefore, 
should the EPA find or if it is brought to our attention that a website contains false or misleading statements or 
claims substantially differing from the EPA-approved registration, the website will be referred to the EPA’s 
Office of Enforcement and Compliance Assurance. 
 
Your release for shipment of this product constitutes acceptance of these terms. If these terms are not complied 
with, this registration will be subject to cancellation in accordance with FIFRA section 6. A stamped copy of the 
labeling is enclosed for your records. Please also note that the record for this product currently contains the 
following acceptable Confidential Statements of Formula (CSFs): 

 
 Basic Pre-formulation of Restrain Generator Fuel CSF dated 08/28/2019 
 Basic Post-formulation of Restrain Generator Fuel CSF dated 03/03/2020  

 
Any CSFs other than those listed above are superseded. 
 
If you have any questions, please contact Menyon Adams of my team by phone at (703) 347-8496 or via email at 
adams.menyon@epa.gov. 
 
 
 

Sincerely, 

 
Andrew Bryceland, Team Leader 

      Biochemical Pesticides Branch 
Biopesticides and Pollution  
 Prevention Division (7511P) 
Office of Pesticide Programs 

 
Enclosure 
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US EPA RED AND WORK PLAN FOR ETHYLENE 
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APPENDIX 3 
 

OPERATOR MANUALS FOR ETHYLENE GENERATOR - ONION AND POTATO STORAGE 
 
 



 

1 

 
 
MODEL B200 
 
 
 
 
 
 
 
Manual POTATO  
 
Version  Dec 2020 

 



 

 
2 

 

INFO 
SCREEN 

ETHANOL 
PUMP 

POWER 
CONVERTER 

CARRY 
HANDLE BARS 

SENSOR 
UNIT 

EXHAUST -> 
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PURPOSE 

The B200 Restrain Generator is used for the production and maintenance of a stable 
atmosphere of ethylene within a cold store. The protocols of use for potatoes are 
detailed in Appendix 1 of this manual. The application and use of this product is the 
user’s responsibility and should be in accordance with relevant legislation.  

LOCATION 

The Restrain Generator should be located within the store that is being treated.  

This machine is not intended for use in temperatures below 30F (–1.0 °C). 

The room should be at least empty volume 200m3/7000 Cubic Feet (equivalent to 
approximately 60 one-ton boxes) for normal cold stores, or 500m3/17500 Cubic Feet 
if it has been totally sealed to controlled atmosphere standards.  

The maximum size store depends on the standard of construction, room air leakage, 
and the target level of %Restrain(= calculation in PPM ethylene concentration).  

This equipment has been used satisfactorily in good quality cold stores of 4,000 tonne 
capacity. The machine should be located at floor level or no greater than 1m above 
the floor in a position of good air circulation. It should be placed away from normal 
loading activity and protected by barriers from potential damage from fork lift trucks 
and similar hazards.  

The Restrain generator produces water in the form of vapour or steam depending on 
the surrounding environment. Some water will condense forming drips, which will fall 
on to the floor underneath the machine, and will evaporate. A small amount of 
adsorbent material under the exhaust should be used to soak up this condensate.  

POWER 

The machine is fitted with a 120 V 15A 3-prong plug (NEMA 5-15), and should be 
connected to a GFCI receptacle.  Power specifications: 120V AC, 60 Hz and 300 VA.  
The power converter is mounted outside the generator. 

If the supply cord is damaged it must be replaced with the same type by the 
manufacturer Restrain or its service agent.  

. 
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SAFETY 

THE GENERATOR SHOULD BE PLACED WITHIN 5 DEGREES OF LEVEL AND NOT ABOVE OR 
CLOSE TO A SOURCE OF IGNITION. 

DO NOT PLACE THE GENERATOR AGAINST A WALL OR BINS. KEEP AT ALL TIME 0.6 
METER/2 Ft. SPACE FREE AROUND THE MACHINE. THE EXHAUST BECOMES VERY HOT. 
AVOID THE CABLES AND WIRES TO CONTACT THE EXHAUST AT ALL TIMES! 

THE GENERATOR SHOULD AT ALL TIMES BE KEPT DRY AND FREE OF MOISTURE. AVOID 
WATER LEAKAGE ON/IN THE GENERATOR. 

THE ROOM MUST BE AT LEAST EMPTY VOLUME 200 M3/7,000 CUBIC Ft. 

IN CASE OF DAMAGED OR BROKEN PARTS TO ELECTRICAL POWER CABLE OR 
TRANSFORMER, IMMEDIATELY DISCONNECT THE GENERATOR FROM THE POWER 
SUPPLY. DO NOT REMOVE COVERS. CONTACT RESTRAIN - DO NOT ATTEMP TO DO 
REPAIRS YOURSELF.  

THE CATALYST HOUSING CONTAINS A HEATER WHICH IS VERY HOT. THE FURNACE IS 
WELL INSULATED AND TAKES AT LEAST 6 HOURS TO FALL TO A TEMPERATURE THAT IS 
SAFE TO HANDLE THE GENERATOR.  

ETHANOL IS EXTREMELY FLAMABLE AND THERFORE WHEN HANDLING THE FUEL DO 
NOT SMOKE OR USE NEAR SPARKS OR OPEN FLAME, RADIO AND MOBILE PHONES.  

 

 

MAINTENANCE 

At least once per month the following items should be checked: 
· The connection cable has not been damaged. 
· All covers are properly secured. 
The machine should be checked DAILY for correct operation.   

ETHANOL 

Only authorised Restrain Ethanol should be used. This is exclusively supplied by the 
Restrain Company Ltd. The safe running & life expectancy of the Restrain Generator is 
dependant on the correct formulation of Restrain ethanol being used.  

Refer to the Restrain Fuel Safety sheet in Appendix 2 of this manual.  
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PLACE THE SENSOR FIRST 

§ The output of the B200 RESTRAIN Generator responds to the demand needed to 
maintain the %Restrain level in the storage room. This is measured with the B-
ECHT Sensor, and connected with the yellow UTP cable, which plugs into the UTP 
socket on the front of the machine, marked with SENSOR.  

§ The B-ECHT Sensor monitors and records the store temperature, CO2 and humdity 
at the same time as the %Restrain reading. Each season the sensor needs to be 
calibrated before starting up the new storage season. 

§ Before using Restrain Ethanol make sure to place the sensor (WITH THIS SIDE UP) 
at least 15 meters/50 ft. away from the generator and in an area of good air 
circulation. 

Avoid contamination of the sensor. The sensor can also be affected by motorized 
equipment exhaust fumes. Incorrect readings will be obtained when these are 
operating in the vicinity, but are not of high enough concentrations under normal 
operating conditions to cause permanent damage to the sensor.  

§  Warning: The Restrain Sensor for measuring 
the ethylene levels in store must be kept away from Restrain ethanol at 
all times. (Even when switched off or in transport). Fumes from the fuel 
will permanently damage the sensor. For protection against 
contamination the sensors are transported and stored in a sealed plastic 
bag/container. They should be removed from the container and placed 
in position only when machine is about to be started up.  

 

PREPARE THE GENERATOR 

§ Put the power plug into a 110 - 120  V AC outlet. First the software will start up.  This takes about 2 
minutes  
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PREPARE THE JERRYCAN 

§ Use Restrain fuel jerrycan and unscrew the cap. Drill 2 holes of 8mm / 3/8 inch diameter each in the 
cap.  

§ In 1 hole guide the suction tube through the cap. 

§ Add the two weights and fix the filter on the suction end. 

                  

 

§ Screw the cap on the jerrycan and make sure the filter touches the bottom of the jerrycan. 
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PREPARE THE GENERATOR 

§ Initial screen: Operational Standby and there is no Vaporization cycle (programme) selected. 

 

§ Now select the vaporization cycle 0101 POTATO with the 2nd button on the right below the screen. 

And confirm your potato programme with 1st button on the left with Select. 
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§ You have now selected and confirmed the program 0101 POTATO  

                                       

• On the screen you will see that you are in Operational Standby mode and you selected 
0101 Potato Vaporization cycle. Now you need to start the programme. Start/Setup 2nd 
button on the left.  
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§ You are now in the start/setup menu. Now go to Start menu by 2nd button left. 

 

§ You are now in start menu. For potatoes it is advised to start the Slow Start* programme as 
standard procedure. Press 2nd button left Start and the Restrain Generator automatically and 
gradually increases the level of ethylene in the store from a starting level of 0.2% Restrain (0.1 ppm 
ethylene) to 20% Restrain (10 ppm ethylene) over a 21-day period.  

§ Once the Slow Start programme has run for 21 days, the level of ethylene being produced and 
maintained in the store will have reached 20% Restrain and will subsequently maintain that level 
throughout the storage season.  
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§                     

 

§ Now you have started the standard slow start programme from day 0.  

The ethanol is not yet pumped in the tube near the generator, so you see a red indicator. The 
temperature of the catalyst need to warm up and takes about 40 minutes from the start. The 
indicator is blue. And when warmed up to operational temperature it will switch to green. 

The ethanol pump will only start when the catalyst temperature is reached (green indicator) and 
when the desired ethylene level 0,2% Restrain is higher than the actual ethylene level.  

§ The indicators for Ethylene level, Temperature, Relative Humidity and CO2 level should all be green. 

§ When the self priming ethanol pump starts to pump and the ethanol reaches the calalyst, the 
“Ethanol not available” in red will switch to Ethanol available in green. 

§ If the current is cut off, the programmed machine will remember the settings and when power is 
switched back on, the catalyst will be heated up and continue with the programme automatically. 
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Appendix 1 
Prepack Ware Potato Storage Protocol   

Minimising the respiration rate increase in the stored crop 
during the introduction of ethylene is important. Following 
the simple steps below will enable you to use Restrain system 
successfully.  

The RESTRAIN B-ECHT sensor should have been serviced and 
calibrated by an authorised engineer before the storage 
season is started.  

1) The potato crop must be of good quality and settled in 
store and reached the holding temperature.  

2) Only the pre-programmed Slow Start Up Restrain program 
should be used on prepack potatoes. 
3) Restrain can only be introduced when the crop shows the 
first signs of eye appearance. 

4) When ethylene is introduced, air must be circulated 
continuously within the store for the first 3 weeks to avoid the 
localised build up of CO2 (carbon dioxide). Elevated CO2 above 
2500 PPM (0.25%) increases respiration rates.  

5) Flush the store daily with fresh air if carbon dioxide levels 
are likely to exceed 2500 PPM 0.25%.  

Use of Ambient Air  

To minimise ethanol usage during ambient air use an additional louver 
cable can be connected from the B200 Generator to the storage room 
controller. When louvers are openend to flush with fresh air, the B200 
Generator will be  turned off. No ethanol will be pumped while 
louver(s) is (are) openend.  
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It takes 3 days to uptake ethylene in the potatoes and 3 days to 
release the ethylene from the potatoes. Daily flushing fresh air for 
maximum 6 hours is possible without losing potato dormancy.  

  

1.1 Store Unloading  

• The Restrain Generator should be left in operation until 
all of the potatoes have been removed from store & 
released for shipping.  

• Direct processing or consumption is advised, as after 3 
days the potato sprouts will begin to grow.  
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PURPOSE 

The B200 Restrain Generator is used for the production and maintenance of a stable 
atmosphere of ethylene within a cold store. The protocols of use for onions are 
detailed in Appendix 1 of this manual. The application and use of this product is the 
user’s responsibility and should be in accordance with relevant legislation.  

LOCATION 

The Restrain Generator should be located within the store that is being treated.  

This machine is not intended for use in temperatures below 30F (–1.0 °C). 

The room should be at least empty volume 200m3/7000 Cubic Feet (equivalent to 
approximately 60 one-ton boxes) for normal cold stores, or 500m3/17500 Cubic Feet 
if it has been totally sealed to controlled atmosphere standards.  

The maximum size store depends on the standard of construction, room air leakage, 
and the target level of %Restrain(= calculation in PPM ethylene concentration).  

This equipment has been used satisfactorily in good quality cold stores of 4,000 tonne 
capacity. The machine should be located at floor level or no greater than 1m above 
the floor in a position of good air circulation. It should be placed away from normal 
loading activity and protected by barriers from potential damage from fork lift trucks 
and similar hazards.  

The Restrain generator produces water in the form of vapour or steam depending on 
the surrounding environment. Some water will condense forming drips, which will fall 
on to the floor underneath the machine, and will evaporate. A small amount of 
adsorbent material under the exhaust should be used to soak up this condensate.  

POWER 

The machine is fitted with a 120 V 15A 3-prong plug (NEMA 5-15), and should be 
connected to a GFCI receptacle.  Power specifications: 120V AC, 60 Hz and 300 VA.  
The power converter is mounted outside the generator. 

If the supply cord is damaged it must be replaced with the same type by the 
manufacturer Restrain or its service agent.  
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SAFETY 

THE GENERATOR SHOULD BE PLACED WITHIN 5 DEGREES OF LEVEL AND NOT ABOVE OR 
CLOSE TO A SOURCE OF IGNITION. 

DO NOT PLACE THE GENERATOR AGAINST A WALL OR BINS. KEEP AT ALL TIME 0.6 
METER/2 Ft. SPACE FREE AROUND THE MACHINE. THE EXHAUST BECOMES VERY HOT. 
AVOID THE CABLES AND WIRES TO CONTACT THE EXHAUST AT ALL TIMES! 

THE GENERATOR SHOULD AT ALL TIMES BE KEPT DRY AND FREE OF MOISTURE. AVOID 
WATER LEAKAGE ON/IN THE GENERATOR. 

THE ROOM MUST BE AT LEAST EMPTY VOLUME 200 M3/7,000 CUBIC Ft. 

IN CASE OF DAMAGED OR BROKEN PARTS TO ELECTRICAL POWER CABLE OR 
TRANSFORMER, IMMEDIATELY DISCONNECT THE GENERATOR FROM THE POWER 
SUPPLY. DO NOT REMOVE COVERS. CONTACT RESTRAIN - DO NOT ATTEMP TO DO 
REPAIRS YOURSELF.  

THE CATALYST HOUSING CONTAINS A HEATER WICH IS VERY HOT. THE FURNACE IS 
WELL INSULATED AND TAKES AT LEAST 6 HOURS TO FALL TO A TEMPERATURE THAT IS 
SAFE TO HANDLE THE GENERATOR.  

ETHANOL IS EXTREMELY FLAMABLE AND THERFORE WHEN HANDLING THE FUEL DO 
NOT SMOKE OR USE NEAR SPARKS OR OPEN FLAME, RADIO AND MOBILE PHONES.  

 

MAINTENANCE 

At least once per month the following items should be checked: 
· The connection cable has not been damaged. 
· All covers are properly secured. 
The machine should be checked DAILY for correct operation.   

ETHANOL 

Only authorised Restrain Ethanol should be used. This is exclusively supplied by the 
Restrain Company Ltd. The safe running & life expectancy of the Restrain Generator is 
dependant on the correct formulation of Restrain ethanol being used.  

Refer to the Restrain Fuel Safety sheet in Appendix 2 of this manual.  

PLACE THE SENSOR FIRST 

§ The output of the B200 RESTRAIN Generator responds to the demand needed to 
maintain the %Restrain level in the storage room. This is measured with the B-
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ECHT Sensor, and connected with the yellow UTP cable, which plugs into the UTP 
socket on the front of the machine, marked with SENSOR.  

§ The B-ECHT Sensor monitors and records the store temperature, CO2 and humdity 
at the same time as the %Restrain reading. Each season the sensor needs to be 
calibrated before starting up the new storage season. 

§ Before using Restrain Ethanol make sure to place the sensor (WITH THIS SIDE UP) 
at least 15 meters/50 ft. away from the generator and in an area of good air 
circulation. 

Avoid contamination of the sensor. The sensor can also be affected by motorized 
equipment exhaust fumes. Incorrect readings will be obtained when these are 
operating in the vicinity, but are not of high enough concentrations under normal 
operating conditions to cause permanent damage to the sensor.  

§  Warning: The Restrain Sensor for measuring 
the ethylene levels in store must be kept away from Restrain ethanol at 
all times. (Even when switched off or in transport). Fumes from the fuel 
will permanently damage the sensor. For protection against 
contamination the sensors are transported and stored in a sealed plastic 
bag/container. They should be removed from the container and placed 
in position only when machine is about to be started up.  

 

PREPARE THE GENERATOR 

§ Put the power plug into a 110 - 120  V AC outlet. First the software will start up.  This takes about 2 
minutes  

PREPARE THE JERRYCAN 

§ Use Restrain fuel jerrycan and unscrew the cap. Drill 2 holes of 8mm / 5/16 inch diameter each in 
the cap.  
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§ Guide the suction tube through one hole in the cap. 

§ Add the two weights and fix the filter on the suction end. 

                  

 

 

§ Screw the cap on the jerrycan and make sure the filter touches the bottom of the jerrycan. 
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PREPARE THE GENERATOR 

§ Initial screen: Operational Standby and there is no Vaporization cycle (programme) selected. 

 

§ Now select the vaporization cycle 0301 ONION with the 2nd button on the right below the screen. 

And confirm your ONION programme with 1st button on the left with Select. 
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§ You have now selected and confirmed the program 0301 ONION 

                                       



 

 
9 

• On the screen you will see that you are in Operational Standby mode and you selected 
0301 ONION Vaporization cycle. Now you need to start the programme. Start/Setup 2nd 
button on the left.  

§ You are now in the start/setup menu. Now go to Start menu by 2nd button left. 

 

§ You are now in start menu. For onions to start the programme press 2nd button left Start and the 
Restrain Generator and automatically the concentration of ethylene in the store will be mainained to 
30% Restrain (15 ppm ethylene) throughout the storage season.  
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§  

§ Now you have started the standard slow start programme from day 0.  

The ethanol is not yet pumped in the tube near the generator, so you see a red indicator. The 
temperature of the catalyst needs to warm up and this takes about 40 minutes from the start. The 
indicator is blue. And when warmed up to operational temperature it will switch to green. 

The ethanol pump will only start when the catalyst temperature is reached (green indicator) and 
when the desired ethylene level 30% Restrain (15 ppm) is higher than the actual ethylene level.  

§ The indicators for Ethylene level, Temperature, Relative Humidity and CO2 level should all be green. 

§ When the self priming ethanol pump starts to pump and the ethanol reaches the calalyst, the 
“Ethanol not available” in red will switch to “Ethanol available” in green. 

§ If the current gets cut off, the programmed machine will remember the settings and when power is 
switched back on, the catalyst will be heated up and continue with the programme automatically. 
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Appendix 1 
Prepack Onion Storage Protocol   

Minimising the respiration rate increase in the stored crop 
during the introduction of ethylene is important. Following 
the simple steps below will enable you to use Restrain system 
successfully.  

The RESTRAIN B-ECHT sensor should have been serviced and 
calibrated by an authorised engineer before the storage 
season is started.  

1) The onion crop must be of good quality and settled in store 
and have reached the holding temperature.  

Use of Ambient Air  

To minimise ethanol usage during ambient air use an additional louver 
cable can be connected from the B200 Generator to the storage room 
controller. When louvers are opened to flush with fresh air, the B200 
Generator will be  turned off. No ethanol will be pumped while 
louver(s) is (are) openend.  

It takes 3 days to uptake ethylene in the onions and 3 days to release 
the ethylene from the onions. Daily flushing fresh air for maximum 6 
hours is possible without losing onion dormancy.  

  

1.1 Store Unloading  

• The Restrain generator should be left in operation until 
all of the onions have been removed from store.  
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APPENDIX 4 
 

MANUFACTURING PROCESS FOR ETHANOL INTENDED FOR USE IN GENERATING ETHYLENE 
GAS BY CATLYTIC DEHYDRATION 
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ETHYL ALCOHOL MANUFACTURING PROCESS 

 

 
 

1. Chemical Reaction: 
Glucose is fermented with the aid of yeast producing ethyl alcohol and carbon dioxide 
as a by-product. 
 
C6H12O6 → 2 CH3CH2OH + 2 CO2 

 
2. Manufacturing Flow Chart: 

 

 
 
 
 
 

3. Primary Manufacturing Steps and Manufacture Method 
a. Milling 

Dried corn kernels are used as raw material. 

Manufacturing Process for Restrain Generator Fuel

Step 1:  Manufacture of non-denatured ethanol minimum boiling azeotrope "190 
Proof"
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Manufacturing Process for Restrain Generator Fuel

Step 1:  Manufacture of non-denatured ethanol minimum boiling azeotrope "190 
Proof"
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b. Cooking 
Milled corn is mixed with water.  
The pH is adjusted to approximately 6 using ammonium hydroxide solution. 
Enzymes are added to the corn starch slurry. 
Slurry is heated to approximately 110C for 10 minutes and then cooled to 85C to 
initiate enzyme conversion of the corn starch into dextrose. 
Small amount of phosphoric acid is added to provide a source of phosphate 
mineral nutrient to the downstream yeast. 

c. Sacharification 
Starch slurry is cooled to approximately 60C for approximately 8 hours. 
Sulfuric acid is added to adjust pH to near 4. 
Enzymes are added to further break down starch / dextrose molecules to sugars 

d. Fermentation 
The sacharified slurry is further cooled to 30C and routed in continuous mode 
through a series of fermenters. 
Yeast consumes sugars which have been produced from the corn and convert 
then to ethyl alcohol and carbon dioxide. 
Fresh yeast and yeast nutrients are added. 
Ammonium hydroxide is added continuously to provide inorganic nitrogen to the 
yeast. 
Sulfuric acid is added to maintain optimal pH. 

e. Distillation 
Fermented broth containing 12% ethanol, 12% solids with the remainder of 
primarily water is routed through a series of distillation columns in order to remove 
water and solids and purify ethanol:   

• Separation column separates the corn solids and most of the water from the 
ethanol present in the fermented mash 

• The ethanol / water product leaving from near the top of the separation 
column enters the rectification column.  

• The rectification column serves to remove most of the remainder of the 
water from the ethanol fed to it. 

• Ethanol then purified on Hydroselection column, downstream rectification 
column, and methanol columns.  Overall it is distilled 5 times. 

• To obtain anhydrous ethanol, material is further passed through 
aluminosilicate molecular sieves.  Microscopic pores in sieves bind water 
molecules but allow the larger ethanol molecule to pass through. 

The above series of columns and purification steps serve to purify the ethanol 
product so that it may be sold into high purity pharmaceutical, fragrance, flavor 
and other markets requiring high purity product. 

 
The maximum theoretical yield is 4.55 liters of anhydrous Ethyl alcohol per 10 kg 
of dry corn. 
 
Ethanol is produced by a continuous process.  Material is tested per approved 
specification before it is routed to the holding tank.  Samples of the product from 
the holding tank are routinely tested. Aliquots of finished product are loaded into 
railcars and tanker trucks, tested, and delivered to a packaging plant.  
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Formulation Process Part 2 
To every 100 kg of ethanol 190 Proof add: 1.01 kg ethyl acetate.  Stir under 
dehumidified air.  Package in air-tight containers. 
 

Discussion of Formation of Impurities 
 

Refer to the 5-batch analysis of the 190 Proof Ethanol.  The only impurities identified 
were water (6.9 to 7.3%) and ash (~0.2%) otherwise not identifiable.   
Water is expected as an impurity due primarily to the distillation process, in which a 
minimum boiling azeotrope of ethanol / water of approximately 95% is the maximum 
ethanol purity attainable.  Water above 5% is due to the fact that concentrated 
ethanol is highly hygroscopic, and the sampling and analysis process itself allows for 
absorption of moisture from air.  A small variation in water content will have no effect 
on the purity of the ethylene emitted by the catalytic generator. 
 
Following the distillation of the ethanol itself, the denaturation process involves only 
stirring in of ethyl acetate.  No new impurities are formed beyond any present in the 
input materials. 
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ADDENDUM TO CONFIDENTIAL ATTACHMENT  
MANUFACTURING METHOD AND FORMATION OF IMPURITIES 

RESTRAIN GENERATOR FUEL 
 

SDSs of Input Materials 



SAFETY DATA SHEET
Creation Date  13-Oct-2009 Revision Date  17-Jan-2018 Revision Number  5

1. Ident ificat ion
Product Name Ethyl acetate

Cat No. : E145-1; E145-4; E145-4LC; E145-20; E145-200; E1452PR; E145-500;
E145FB-19; E145FB-50; E145FB-115; E145FB-200; E145POP-50;
E145POPB-50; E145RB-19; E145RB-50; E145RB-115; E145RB-200;
E145RS-28; E145RS-50; E145RS-115; E145RS-200; E145S-4;
E145SK-4; E145SK-4LC; E145SS-28; E145SS-50; E145SS-115;
E145SS-200; E145SS-1350; NC1489568

CAS-No 141-78-6
Synonyms Acetic acid ethyl ester

Recommended Use Laboratory chemicals.
Uses advised against Food, drug, pesticide or biocidal product use

Details of the supplier of the safety data sheet 

Emergency Telephone Number 
CHEMTRECÒ, Inside the USA: 800-424-9300
CHEMTRECÒ, Outside the USA: 001-703-527-3887

2. Hazard(s) ident ificat ion
Classification 
This chemical is considered hazardous by the 2012 OSHA Hazard Communication Standard (29 CFR 1910.1200)

Label Elements  

Signal Word
Danger

Hazard Statements
Highly flammable liquid and vapor
Causes serious eye irritation
May cause drowsiness or dizziness

Company 
Fisher Scientific
One Reagent Lane
Fair Lawn, NJ 07410
Tel: (201) 796-7100

Serious Eye Damage/Eye Irritation Category 2
Specific target organ toxicity (single exposure) Category 3
Target Organs -  Central nervous system (CNS).

Flammable liquids Category 2

______________________________________________________________________________________________
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Precautionary Statements
Prevention
Wash face, hands and any exposed skin thoroughly after handling
Do not breathe dust/fume/gas/mist/vapors/spray
Use only outdoors or in a well-ventilated area
Keep away from heat/sparks/open flames/hot surfaces. - No smoking
Keep container tightly closed
Ground/bond container and receiving equipment
Use explosion-proof electrical/ventilating/lighting/equipment
Use only non-sparking tools
Take precautionary measures against static discharge
Wear protective gloves/protective clothing/eye protection/face protection
Keep cool
Response
Get medical attention/advice if you feel unwell
Inhalation
IF INHALED: Remove victim to fresh air and keep at rest in a position comfortable for breathing
Call a POISON CENTER or doctor/physician if you feel unwell
Skin
IF ON SKIN (or hair): Take off immediately all contaminated clothing. Rinse skin with water/shower
Eyes
IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do. Continue rinsing
If eye irritation persists: Get medical advice/attention
Fire
In case of fire: Use CO2, dry chemical, or foam for extinction
Storage
Store in a well-ventilated place. Keep container tightly closed
Store locked up
Disposal
Dispose of contents/container to an approved waste disposal plant
Hazards not otherwise classified (HNOC)  
Repeated exposure may cause skin dryness or cracking

3. Composit ion/Information on Ingredients

Component CAS-No Weight %
Ethyl acetate 141-78-6 >95

4. First -a id measures

General Advice If symptoms persist, call a physician.

Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes. Get
medical attention.

Skin Contact Wash off immediately with plenty of water for at least 15 minutes. If skin irritation persists,
call a physician.

Inhalation Move to fresh air. If not breathing, give artificial respiration. Get medical attention if

______________________________________________________________________________________________
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symptoms occur.

Ingestion Clean mouth with water and drink afterwards plenty of water.

Most important symptoms and
effects

Breathing difficulties.  May cause central nervous system depression: Inhalation of high
vapor concentrations may cause symptoms like headache, dizziness, tiredness, nausea
and vomiting

Notes to Physician Treat symptomatically

5. Fire-fight ing measures
Suitable Extinguishing Media Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Unsuitable Extinguishing Media Water may be ineffective, Do not use a solid water stream as it may scatter and spread fire

Flash Point  -4  °C  /  24.8  °F

Method - Closed cup

Autoignition Temperature  427  °C  /  800.6  °F

Explosion Limits
Upper 11.5 vol %
Lower 2.0 vol %

Oxidizing Properties Not oxidising

Sensitivity to Mechanical Impact No information available
Sensitivity to Static Discharge No information available

Specific Hazards Arising from the Chemical
Flammable. Risk of ignition. Vapors may form explosive mixtures with air. Vapors may travel to source of ignition and flash back.
Containers may explode when heated.

Hazardous Combustion Products
Carbon monoxide (CO) Carbon dioxide (CO2)
Protective Equipment and Precautions for Firefighters
As in any fire, wear self-contained breathing apparatus pressure-demand, MSHA/NIOSH (approved or equivalent) and full
protective gear.

NFPA  

6. Accidental re lease measures
Personal Precautions Use personal protective equipment. Ensure adequate ventilation.
Environmental Precautions Should not be released into the environment. See Section 12 for additional ecological

information.

Methods for Containment and Clean
Up

Soak up with inert absorbent material. Keep in suitable, closed containers for disposal.

7. Handling and storage
Handling Ensure adequate ventilation. Wear personal protective equipment. Do not get in eyes, on

skin, or on clothing. Avoid ingestion and inhalation.

Storage Flammables area. Keep away from heat and sources of ignition. Keep container tightly
closed in a dry and well-ventilated place.

8. Exposure controls / personal protect ion

Health
2

Flammability
3

Instability
0

Physical hazards
N/A

______________________________________________________________________________________________
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Exposure Guidelines 

9. Physical and chemical propert ies
Physical State Liquid
Appearance Colorless
Odor sweet
Odor Threshold 50 ppm
pH No information available
Melting Point/Range  -83.5  °C  /  -118.3  °F
Boiling Point/Range  75  -  78  °C  /  167  -  172.4  °F
Flash Point  -4  °C  /  24.8  °F

Method - Closed cup
Evaporation Rate 6.2
Flammability (solid,gas) Not applicable
Flammability or explosive limits

Upper 11.5 vol %
Lower 2.0 vol %

Vapor Pressure 103 mbar @ 20°C
Vapor Density 3.04
Specific Gravity 0.902
Solubility Slightly soluble in water
Partition coefficient; n-octanol/water No data available
Autoignition Temperature  427  °C  /  800.6  °F
Decomposition Temperature No information available
Viscosity 0.45 cP @ 20 °C
Molecular Formula C4 H8 O2
Molecular Weight 88.11
Surface tension 24 mN/m @ 20°C

10. Stability and react ivity

Component ACGIH TLV OSHA PEL NIOSH IDLH Mexico OEL (TWA)
Ethyl acetate TWA: 400 ppm (Vacated) TWA: 400 ppm

(Vacated) TWA: 1400 mg/m3

TWA: 400 ppm
TWA: 1400 mg/m3

IDLH: 2000 ppm
TWA: 400 ppm

TWA: 1400 mg/m3

TWA: 400 ppm
TWA: 1400 mg/m3

Legend

ACGIH - American Conference of Governmental Industrial Hygienists
OSHA - Occupational Safety and Health Administration
NIOSH IDLH:  The National Institute for Occupational Safety and Health Immediately Dangerous to Life or Health

Engineering Measures Ensure adequate ventilation, especially in confined areas. Use explosion-proof
electrical/ventilating/lighting/equipment. Ensure that eyewash stations and safety showers
are close to the workstation location.

Personal Protective Equipment 

Eye/face Protection Wear appropriate protective eyeglasses or chemical safety goggles as described by
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard
EN166.

Skin and body protection Long sleeved clothing.

Respiratory Protection No protective equipment is needed under normal use conditions.

Hygiene Measures

______________________________________________________________________________________________
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Reactive Hazard None known, based on information available

Stability Stable under normal conditions.

Conditions to Avoid Incompatible products. Keep away from open flames, hot surfaces and sources of ignition.

Incompatible Materials Strong oxidizing agents, Strong acids, Amines, Peroxides

Hazardous Decomposition Products Carbon monoxide (CO), Carbon dioxide (CO2)

Hazardous Polymerization Hazardous polymerization does not occur.

Hazardous Reactions None under normal processing.

11. Toxicological information
Acute Toxicity 

Product Information
Component Information

Component LD50 Oral LD50 Dermal LC50 Inhalation
Ethyl acetate 10,200 mg/kg ( Rat ) > 20 mL/kg ( Rabbit )

> 18000 mg/kg  ( Rabbit )
58 mg/l (rat; 8 h)

Toxicologically Synergistic
Products

No information available

Delayed and immediate effects as well as chronic effects from short and long-term exposure  

Irritation Irritating to eyes

Sensitization No information available

Carcinogenicity The table below indicates whether each agency has listed any ingredient as a carcinogen.

Component CAS-No IARC NTP ACGIH OSHA Mexico
Ethyl acetate 141-78-6 Not listed Not listed Not listed Not listed Not listed

Mutagenic Effects No information available

Reproductive Effects No information available.

Developmental Effects No information available.

Teratogenicity No information available.

STOT - single exposure Central nervous system (CNS)
STOT - repeated exposure None known

Aspiration hazard No information available

Symptoms  / effects,both acute and
delayed

May cause central nervous system depression: Inhalation of high vapor concentrations may
cause symptoms like headache, dizziness, tiredness, nausea and vomiting

Endocrine Disruptor Information No information available

Other Adverse Effects The toxicological properties have not been fully investigated.

12. Ecological information
Ecotoxicity 
Do not empty into drains.

______________________________________________________________________________________________
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Component Freshwater Algae Freshwater Fish Microtox Water Flea
Ethyl acetate EC50 = 3300 mg/L/48h Fathead minnow: LC50: 230

mg/l/ 96h
Gold orfe: LC50: 270

mg/L/48h

EC50 = 1180 mg/L 5 min
EC50 = 1500 mg/L 15 min
EC50 = 5870 mg/L 15 min

EC50 = 7400 mg/L 2 h

EC50 = 717 mg/L/48h

Persistence and Degradability Persistence is unlikely based on information available.

Bioaccumulation/ Accumulation No information available.

Mobility Will likely be mobile in the environment due to its volatility.

Component log Pow
Ethyl acetate 0.6

13. Disposal considerat ions
Waste Disposal Methods Chemical waste generators must determine whether a discarded chemical is classified as a

hazardous waste.  Chemical waste generators must also consult local, regional, and
national hazardous waste regulations to ensure complete and accurate classification.

Component RCRA - U Series Wastes RCRA - P Series Wastes
Ethyl acetate - 141-78-6 U112 -

14. Transport  information
DOT 

UN-No UN1173
Proper Shipping Name ETHYL ACETATE
Hazard Class 3
Packing Group II

TDG 
UN-No UN1173
Proper Shipping Name ETHYL ACETATE
Hazard Class 3
Packing Group II

IATA 
UN-No UN1173
Proper Shipping Name ETHYL ACETATE
Hazard Class 3
Packing Group II

IMDG/IMO 
UN-No UN1173
Proper Shipping Name ETHYL ACETATE
Hazard Class 3
Packing Group II

15. Regulatory information

All of the components in the product are on the following Inventory lists:  X = listed

International Inventories

Component TSCA DSL NDSL EINECS ELINCS NLP PICCS ENCS AICS IECSC KECL
Ethyl acetate X X - 205-500-4 - X X X X X

Legend:
X - Listed
E - Indicates a substance that is the subject of a Section 5(e) Consent order under TSCA.
F - Indicates a substance that is the subject of a Section 5(f) Rule under TSCA.
N - Indicates a polymeric substance containing no free-radical initiator in its inventory name but is considered to cover the designated
polymer made with any free-radical initiator regardless of the amount used.
P - Indicates a commenced PMN substance
R - Indicates a substance that is the subject of a Section 6 risk management rule under TSCA.

______________________________________________________________________________________________
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T - Indicates a substance that is the subject of a Section 4 test rule under TSCA.
XU - Indicates a substance exempt from reporting under the Inventory Update Rule, i.e. Partial Updating of the TSCA Inventory Data Base
Production and Site Reports (40 CFR 710(B).
Y1 - Indicates an exempt polymer that has a number-average molecular weight of 1,000 or greater.
Y2 - Indicates an exempt polymer that is a polyester and is made only from reactants included in a specified list of low concern reactants
that comprises one of the eligibility criteria for the exemption rule.

U.S. Federal Regulations  

TSCA 12(b) Not applicable

SARA 313 Not applicable

SARA 311/312 Hazard Categories See section 2 for more information

CWA (Clean Water Act) Not applicable

Clean Air Act Not applicable

OSHA Occupational Safety and Health Administration
Not applicable

CERCLA This material, as supplied, contains one or more substances regulated as a hazardous
substance under the Comprehensive Environmental Response Compensation and Liability
Act (CERCLA) (40 CFR 302)

Component Hazardous Substances RQs CERCLA EHS RQs
Ethyl acetate 5000 lb -

California Proposition 65 This product does not contain any Proposition 65 chemicals

U.S. State Right-to-Know
Regulations

Component Massachusetts New Jersey Pennsylvania Illinois Rhode Island
Ethyl acetate X X X - X

U.S. Department of Transportation

Reportable Quantity (RQ): Y
DOT Marine Pollutant N
DOT Severe Marine Pollutant N

U.S. Department of Homeland Security
This product does not contain any DHS chemicals.

Other International Regulations 

Mexico - Grade Serious risk, Grade 3

16. Other information
Prepared By Regulatory Affairs

Thermo Fisher Scientific
Email: EMSDS.RA@thermofisher.com

Creation Date 13-Oct-2009
Revision Date 17-Jan-2018
Print Date 17-Jan-2018
Revision Summary This document has been updated to comply with the US OSHA HazCom 2012 Standard

replacing the current legislation under 29 CFR 1910.1200 to align with the Globally
Harmonized System of Classification and Labeling of Chemicals (GHS).

______________________________________________________________________________________________
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Disclaimer
The information provided in this Safety Data Sheet is correct to the best of our knowledge, information and belief at the
date of its publication. The information given is designed only as a guidance for safe handling, use, processing, storage,
transportation, disposal and release and is not to be considered a warranty or quality specification. The information
relates only to the specific material designated and may not be valid for such material used in combination with any other
materials or in any process, unless specified in the text

End of SDS

______________________________________________________________________________________________
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Abstract: Ethylene is the primary component in most plastics, making it economically 

valuable. It is produced primarily by steam-cracking of hydrocarbons, but can alternatively 

be produced by the dehydration of ethanol, which can be produced from fermentation 

processes using renewable substrates such as glucose, starch and others. Due to rising oil 

prices, researchers now look at alternative reactions to produce green ethylene, but the 

process is far from being as economically competitive as using fossil fuels. Many studies 

have investigated catalysts and new reaction engineering technologies to increase ethylene 

yield and to lower reaction temperature, in an effort to make the reaction applicable in 

industry and most cost-efficient. This paper presents various lab synthesized catalysts, 

reaction conditions, and reactor technologies that achieved high ethylene yield at 

reasonable reaction temperatures, and evaluates their practicality in industrial application 

in comparison with steam-cracking plants. The most promising were found to be a 

nanoscale catalyst HZSM-5 with 99.7% ethylene selectivity at 240 °C and 630 h lifespan, 

using a microreactor technology with mechanical vapor recompression, and algae-produced 

ethanol to make ethylene. 

Keywords: ethanol; dehydration; ethylene; catalyst selectivity; industry; catalyst stability 
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1. Introduction 

Ethylene is the most widely produced organic compound in the chemical industry. The large global 

demand for the compound stems from its various uses as precursors to polymers such as polyethylene, 

found in most plastics, or surfactant chemicals such as ethylene oxide or ethylene glycol (Figure 1), 

according to Chemical and Engineering News (2006) [1,2]. The Organization of Economic 

Cooperation and Development reported that production of ethylene is well over 100 million tons 

annually, and this market size attracts both industrial companies and scientific researchers alike, as 

shown by the study history represented graphically in Figure 2 [3]. Figure 2 shows patents and article 

papers on published year from 1998 to 2011, which is illustrated in the result of the patent, emerged as 

a rising trend year by year from 1998 to 2005, and dropped to show a rising trend after 2006 and 2008. 

Of particular interest are alternative methods for synthesizing ethylene, especially with fossil fuel 

reserves diminishing and, consequently, gas prices and production costs steadily rising. Traditionally, 

ethylene is produced by steam cracking hydrocarbons, Kniel et al. (1980) claims, and this method 

continues to dominate the industry today [4]. True (2012) reported the top ethylene producing 

complexes listed in Table 1 (ranked by capacity in tons per year), which are all steam cracking plants, 

and Conti (2012) reported the capacities of the Braskem and Solvay Indupa ethanol to ethylene plants, 

while Voegle (2012) reported the capacity of the Dow Chemical plant currently under construction [5–7]. 

However, attention has recently shifted towards green alternatives for manufacturing ethylene, to 

reduce greenhouse gas emissions and dependency on limited fossil fuels. Leading this green trend is 

the production of ethylene by catalytic bioethanol dehydration. 

Figure 1. Main uses of ethylene in industry (left to right): polyethylene, ethylene 

dichloride (precursor to vinyl chloride, below), ethylene oxide (precursor to ethylene 

glycol, below), and ethylbenzene (precursor to styrene, below). 
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Figure 2. Trend in number of patents (dash-dot line) and publications (solid line) since 

1998. Research done on Scopus with key words: ethanol dehydration and ethylene, ethanol 

dehydration and ethene, ethanol and ethylene production. Total results per type per year for 

the three searches were summed together. 
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Table 1. Top industrial ethylene complexes and their locations ranked by capacity (tons of 

ethylene produced per year). 

Company  Location  Ton/year 
Steam-cracking plants  – – 
Formosa Petrochemical Corporation Mailiao, Taiwan,  2,935,000
Nova Chemicals Corporation  Joffre, Alberta, Canada  2,811,792
Arabian Petrochemical Company  Jubail, Saudi Arabia  2,250,000
ExxonMobil Chemical Company  Baytown, TX, USA  2,197,000
ChevronPhillips Chemical Company Sweeny, TX, USA  1,865,000
Dow Chemical Company  Terneuzen, Netherlands  1,800,000
Ineos Olefins & Polymers  Chocolate Bayou, TX, USA  1,752,000
Equistar Chemicals LP  Channelview, TX, USA  1,750,000
Yanbu Petrochemical Company  Yanbu, Saudi Arabia  1,705,000
Equate Petrochemical Company  Shuaiba, Kuwait  1,650,000
Ethanol to ethylene plants – – 
Braskem  Triunfo, Brazil  200,000 
Dow Chemical Company  Santa Vitoria, Brazil (under construction)  190,000 
Solvay Indupa  Santo Andre, Brazil  60,000 

In the catalytic dehydration of ethanol to form ethylene, an acid catalyst first protonates the hydroxyl 

group, which leaves as a water molecule. The conjugate base of the catalyst then deprotonates the methyl 

group, and the hydrocarbon rearranges into ethylene. This mechanism is depicted in Figure 3. The 

reaction is endothermic, and because of this, the optimal reaction temperature is fairly high, ranging from 

180 °C to 500 °C. Maintaining the reaction temperature constitutes much of the energy cost in industrial 
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application of the reaction, since competing reactions into diethyl ether or acetaldehyde are favored 

outside of the temperature range and so decrease ethylene yield.  

To make ethanol dehydration more industry-friendly, many researchers have investigated different 

catalysts to increase ethylene yield and lower reaction temperature. Researched catalysts began with 

alumina and transition metal oxides, but have now expanded to include many modified versions of old 

catalysts, silicoaluminophosphates (SAPO), HZSM-5 zeolite catalyst, and heteropolyacid catalysts. 

While current catalysts have achieved much better results than the original ones in terms of yield and 

reaction temperature, most are still not ready for commercialization. Of the SAPO catalysts studied by 

Zhang et al. (2008), Chen et al. (2010), and Wu et al. (2011), SAPO-11-4 had the best results with 

98.0% ethylene selectivity at 250 °C, but with many catalysts such as modified HZSM-5 and MCM-41 

achieving over 99.0% selectivity, SAPO catalysts are not competitive enough [8–10]. Likewise,  

H-mordenites studied by Takahara et al. (2005) achieved results like 99.9% ethylene selectivity at 

180 °C, but due to the inaccessibility of the catalysts, they are not ideal for commercialization [11]. 

Bokade et al. (2011) studied montmorillonite catalysts, and Zaki (2005) studied manganese oxide and 

iron oxide modified alumina and silica, but high reaction temperatures of 500 °C for Zaki and low 

ethylene selectivity for Bokade eliminated those catalysts as possible industrial catalysts [12,13]. 

The Braskem (Brazil) ethanol to ethylene plant began operation in 2010 and is currently the only 

plant of its kind at the commercial scale [14]. Although it is considered commercial scale, it produces 

200,000 tons of ethylene per year, which pales in comparison with the millions of tons of ethylene 

capacity that the top steam cracking plants have. In order to make green ethylene plants more 

competitive, further advancements must be made from Braskem’s first step towards environmentally 

friendly ethylene production. This review article will discuss the catalysts recently studied that have 

the potential to be applied in an industrial scale ethanol to ethylene plant competitive with steam 

cracking plants. In addition, other innovative technologies that should be considered for such a plant 

are presented. Because other research papers on the dehydration of ethanol to ethylene do not report 

findings in the context of industry, catalysts and technology in relation to production costs and 

feasibility are also evaluated. 

Figure 3. Mechanism for the dehydration of ethanol to ethylene. 

 

2. Catalysis 

2.1. Modification of γ-Al2O3 

From the very beginnings of the studies of ethanol dehydration to ethylene, γ-alumina has been 

used as a catalyst for the reaction. However, due to the high reaction temperature of 450 °C required 

and the relatively low ethylene yield of 80%, researchers now look to modify the catalyst to reduce the 

reaction temperature and increase ethylene yield to make it more economically efficient. Phillips Oil 

Company (USA) utilizes γ-alumina treated with KOH and ZnO/Al2O3 in its production of ethylene and 
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Halcon SD (USA) has applied MgO-Al2O3/SiO2 based SynDol catalyst in their facilities [15]. 

Research on more modifications continues, with Doheim et al. (2002) achieving 97% ethanol 

conversion at 300 °C with Na2O-doped Mn2O3/Al2O3 [16]. Chen et al. (2007) investigated the catalytic 

ability of TiO2 modified γ-Al2O3 [15]. The TiO2/γ-Al2O3 catalyst was prepared by mixing commercial 

γ-Al2O3 powder with Na2CO3 solution, then adding Ti(SO4)2 and Na2CO3 solution. SO4
2− was 

eliminated by washing and centrifugation; then, the material was dried and calcined to produce  

TiO2/γ-Al2O3. Tests on the catalytic ability resulted in up to 99.4% ethylene selectivity at 500 °C, 

significantly higher than the maximum 90.1% ethylene selectivity at 475 °C of γ-Al2O3 reported by 

Zhang et al. (2008) [10]. Ethanol conversion and ethylene selectivity were found to increase from  

75% conversion and 40% selectivity to 100% conversion and 99.4% selectivity with temperature 

increases from 360 °C to 500 °C. They also decreased from 100% conversion and 97% selectivity to 

96% conversion and 96% selectivity with a space velocity increased from 52 h−1 to 230 h−1. Ethanol 

conversion increased from 64% to 88% at 380 °C with an increase in ethanol concentration of 10 wt % 

to 90 wt %, while ethylene selectivity decreased from 94% to 86% at 380 °C with the same increase in 

ethanol concentration. The catalyst deactivated quickly after 400 h of stability testing with 

temperatures be between 410 and 430 °C. Although the modification of γ-Al2O3 has produced much 

more favorable results than the original catalyst, the reaction temperature is still high, considering the 

modern industrial standards. On the other hand, the stability of the modified catalyst is relatively high 

as compared to other catalysts currently being developed, lasting 400 before deactivating. 

2.2. Modification of HZSM-5 

The ability of HZSM-5 to catalyze the dehydration of ethanol to ethylene at lower temperatures 

(200 to 300 °C) has made it commercially valuable and promising for further improvements in 

efficiency. The acidity and porosity of zeolites play an important role in the ethanol transformation 

into hydrocarbons [17]. At 300 °C, HZSM-5 can reach an ethanol conversion level of 98% and 95% 

ethylene selectivity. The main disadvantage of HZSM-5 is its acidity, which reduces its stability and 

coking resistance. As a solution, Zhang et al. (2008) and Ramesh et al. (2009, 2010, 2012) found that 

modification with phosphorous to reduce acidity maintained high ethylene selectivity (99.8%) while 

also increasing anti-coking ability [18–21]. These results were a trade-off with reaction temperature, as 

temperatures at or above 300 °C were necessary. Lanthanum modification was reported by  

Mao et al. (1989) and Ouyang et al. (2009) to improve catalytic ability at low temperatures [22,23]. 

Thus, Zhan et al. (2010) investigated the properties of lanthanum-phosphorous modified  

HZSM-5 [13]. Commercial HZSM-5 zeolite was impregnated with H3PO4 and La(NO3)3, stirred and 

evaporated, then dried and calcined to yield La-P-HZSM-5 of different compositions. The most 

favorable of the compositions was 0.5% La-2% P-HZSM-5, which reached 99.9% ethylene selectivity 

with 100% ethanol conversion at 240 °C. Moreover, the catalyst was able to maintain ethylene 

selectivity above 97% after 72 h, although no information was reported on its stability for longer 

periods of time. The catalyst most likely has a long life span, since La-P-HZSM-5 had a life span of 

830 h before losing reactivity in the study done by Ouyang et al. (2009), but the inclusion of 

phosphorus could reduce the life span [23]. TG/DTG/DTA analysis showed restricted coke formation, 

as expected with the addition of lanthanum.  
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By modifying commercial catalyst HZSM-5, Zhan et al. (2010) managed to produce ideal data for 

the catalysis of ethanol dehydration to ethylene [13]. With almost 100% ethylene selectivity and 

ethanol conversion and low temperatures of 240 °C, 0.5% La-2% P-HZSM-5 is currently one of the 

most promising catalysts for industrial use. On top of achieving such high catalytic performance, the 

modifications made were inexpensive, another advantage to using 0.5% La-2% P-HZSM-5. More 

information on long term stability of the catalyst and effects of different reaction conditions is 

necessary before it can be employed in large scale plants.  

Another modification developed by Guo et al. is nanoscale HZSM-5 zeolite catalysts [24–27]. The 

nanoscale HZSM-5 zeolite catalyst labeled as nano-CAT was obtained. The microscale HZSM-5 

zeolite powder (crystal size: 1–3 μm) was commercially available [25]. By modifying commercial 

catalyst HZSM-5, Sendesi et al. (2012) has found that modification with Si/Al ratio. Based on TPR 

results, increasing Si/Al ratio from 25 to 250 was improved the redox properties, which will favor the 

speed of electron transfer [28]. Compared to conventional-sized HZSM-5 zeolites, the nanocatalysts 

reached 99.7% ethylene selectivity and 100% ethanol conversion at 240 °C, and maintains both 

ethanol conversion and ethylene selectivity above 98% for 630 h of reaction, exhibiting high stability. 

On top of that, the catalyst demonstrated good coking resistance. The nanoscale HZSM-5 appears to be 

the most ideal catalyst out of the current ones being studied, but before applying it in industry, the 

feasibility of scaling nanoscale catalysts to large commercial scale production plants while retaining 

laboratory results should be considered. 

2.3. Heteropolyacids 

Heteropolyacid salts have attracted attention as potential catalysts due to the multifunctional 

properties of the salt formation. Particularly, Ag3PW12O40 has demonstrated high catalytic ability, 

making it a promising catalyst for the dehydration of ethanol to ethylene, but its high acidity reduces 

its stability. Gurgul et al. (2011) investigated the influence of surface composition of Ag3PW12O40 on 

its catalytic ability and stability, especially observing the effects of air humidity [29]. The catalyst was 

prepared by reacting silver nitrate with tungstophosphoric acid, and the resulting salt was dried. From 

the catalytic tests, Ag3PW12O40 was found to achieve 99.8% ethylene selectivity at 2% humidity and 

220 °C, but only about 70% ethanol conversion. At 9% humidity, ethylene selectivity was lowered to 

99.2% at 220 °C, but ethanol conversion increased to almost 100%. Thus, Gurgul et al. (2011) 

concluded that the presence of water stabilized the surface composition of AgPW salt (e.g., 

Ag3PW12O40·3H2O) [29]. Long term stability of the catalyst was not detailed in the study, so whether 

the application of AgPW salt in industry is economically favorable or not is still left to be determined. 

However, the high ethylene selectivity (99.2%) at a low reaction temperature of 220 °C suggests that 

areas of the world with an average relative humidity of 9% should investigate the catalyst further, since 

the reaction temperature is lower than most of the current catalysts being studied. The lattice parameter 

for Ag3PW12O40·3H2O structure at 473 K was estimated to 11.93 Å [29]. It was also observed when the 

structure of H3PW12O40·6H2O with 12.15 Å [30]. 

Ciftci et al. (2012) also studied the modification of tungstophosphoric acid (TPA) by impregnating 

it into MCM-41 [31]. The resulting TPA-MCM-41 catalyst achieved 99.9% ethylene selectivity at 

300 °C, with about 98% ethanol conversion. This far outperforms the results of pure TPA reported by 
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Varisli et al. (2007) with only 77% ethylene selectivity at 250 °C [32]. Activities of silica supported 

tungstophosphoric acid (TPA), and salts of TPA were tested for the dehydration of ethanol [31]. TPA 

incorporated silicate structured new mesoporous catalysts were synthesized following one-pot 

hydrothermal and impregnation procedures. Surface area of TPA-MCM-41, which was prepared by 

impregnating TPA into MCM-41, was two orders of magnitude higher than the surface area of pure 

TPA and this catalyst showed very high activity in dehydration reactions of both ethanol and 

methanol [32]. Very stable ethanol conversion data near 100% was also reported, but no quantitative 

data on the long term stability was included. The use of TPA-MCM-41 may be more advantageous for 

areas without enough humidity for AgPW salt in terms of heteropolyacids, but the reaction temperature 

of 300 °C makes TPA-MCM-41 less favorable than catalysts such as 0.5% La-2% P-HZSM-5. 

Varisli et al. (2008) studied the impregnation of silicotungstic acid in MCM-41, and found that the 

catalyst had 99.9% ethylene selectivity with about 99% ethanol conversion at 250 °C [33]. Due to 

higher surface area, it showed higher activity than TPA impregnated MCM-41. However, no data on 

the life span or long term stability of the catalyst was reported, so the catalyst should be further studied 

before it is considered for industrial application. 

A W-Silicate-based heteropolyacid catalyst (TRC-92) developed by Varisli et al. (2010) showed 99% 

ethylene selectivity at 280 °C, but only about 70% ethanol conversion [34]. The W-Silicate-basedcatalyst 

(TRC-92), modified version of the hydrothermal synthesis procedures for the synthesis of vanadium, 

palladium, nickel and tungsten incorporated silicate structured mesoporous catalysts [34]. Despite the 

relatively low ethanol conversion though, the catalyst is capable of liquid phase reactions, because of the 

high stability of the solid catalyst and its having both meso and macropores. Although the low ethanol 

conversion may appear disadvantageous, the elimination of the need to vaporize ethanol before feeding it 

to the reactor may prove even more cost-efficient than 100% ethanol conversion.  

A summary of the catalysts is listed in Table 2, along with a currently used industrial catalyst, 

SynDol, for a basis of comparison. SynDol catalyst based on MgO–Al2O3/SiO2 developed by Halcon 

SD has been applied commercially [35]. 

Table 2. Summary of catalysts for the dehydration of ethanol to ethylene and their catalytic ability. 

Catalyst 

Max 

ethylene 

selectivity 

Ethanol 

conversion 

Reaction 

Temperature

LHSV a/ 

WHSV b/ 

GHSV c 

Lifespan, 

Stability 
Comments Reference

TiO2/γ-Al2O3  99.4% 100% 360–500°C 26–234 h−1 a 400 h, stable 
Lab 

modified 
[15] 

0.5% La-2% P-

HZSM-5 
99.9% 100% 240–280°C 2 h−1 b Very stable 

Lab 

modified 
[13] 

Nano-CAT 99.7% 100% 240°C 1 h−1 b 630 h, very 

stable 

Lab 

modified 
[25] 

Ag3PW12O40  99.2% 100% 220°C 6000 h−1 c Stable in 9% 

humidity 

Lab 

synthesized
[29] 

TPA-MCM-41 99.9% 98% 300°C 2.9 h−1 b Very stable 
Lab 

modified 
[31] 
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Table 2. Cont. 

Catalyst 

Max 

ethylene 

selectivity 

Ethanol 

conversion 

Reaction 

Temperature

LHSV a/ 

WHSV b/ 

GHSV c 

Lifespan, 

Stability 
Comments Reference

STA-MCM-41 99.9% 99% 250°C 2.9 h−1 b Stable Lab modified [33] 

TRC-92 99.0% 70% 280°C 2.9 h−1 b Very stable 
Lab 

synthesized 
[34] 

SynDol 

(Halcon) (SD, 

USA) 

96.8% 99% 450 °C 26–234 h−1 a Very stable 
Commercial 

catalyst 
[15] 

a liquid hourly space velocity (LHSV); b weight hourly space velocity (WHSV); c gas hourly space velocity (GHSV). 

3. Reaction Conditions 

Many studies included data on the effects of changing certain reaction conditions on catalytic ability 

(summarized in Tables 3 and 4), but it cannot be assumed that the effects apply to any catalyst of the 

ethanol dehydration reaction.  For example, higher space velocity appears to lower ethanol conversion 

and ethylene selectivity, according to studies done on TiO2/γ-Al2O3 and SAPO catalysts by  

Chen et al. (2007), and Chen et al. (2010), but higher space velocity slightly increased ethylene 

selectivity for La-HZSM-5 in the study by Ouyang et al. (2009) [8,15,23]. Other changes in reaction 

conditions include the presence of water in the reactor in the form of humidity, which stabilizes AgPW 

catalyst but reduces ethylene selectivity in the study by Gurgul et al. that compared catalytic ability 

under 9% humidity with 2% humidity (2011) [29].  Matachowski et al. (2012) also reported higher 

stability of AgPW catalyst in 10% humidity, but showed results for higher ethylene selectivity and 

higher ethanol conversion [36]. Wang et al. (2011) found that the optimal ethanol feed mass fraction 

for Zn-Mn-Co-HZSM-5 was actually 34.4% while Petroleum Processing and Petrochemicals (2010) 

reported an optimal ethanol feed mass fraction of 74% for La-P-HZSM-5, significantly different values 

despite both catalysts being modified versions of HZSM-5 [37,38]. However, the two optimization studies 

and two humidity studies provide insights into whether or not water in the ethanol feed deactivates 

catalysts, and whether facilities must be added to remove water before the ethanol can be fed into the 

reactors. For all catalysts reviewed, increasing temperature increases ethylene selectivity up to an optimal 

reaction temperature, after which increasing the temperature reduces selectivity and stability of the catalyst. 

Table 3. Effect of space velocity on catalytic ability of ethanol dehydration catalysts. 

Catalyst  Reaction Condition  
Condition 

Setting  
Ethanol 

Conversion  
Ethylene 

Selectivity  
Reference 

TiO2/γ-Al2O3 Space velocity (LHSV) 
52 h −1 

234 h −1 
100% 
96% 

98% 
97% 

[15] 

SAPO Space velocity (WHSV) 
2 h −1 

30 h −1 
100% 
65% 

100% 
20% 

[8] 

La-HZSM-5 Space velocity (LHSV) 
0.5 h −1 
25 h −1 

100% 
39% 

97% 
100% 

[23] 
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Table 4. Effect of humidity on catalytic ability of AgPW catalyst. 

Catalyst 
Reaction 

Condition 
Condition 

Setting 
Ethanol 

Conversion 
Ethylene 

Selectivity 
GHSV Reference

AgPW Humidity 
2% 

10% 
70% (470 K) 

100% (470 K) 
100% (470 K)
80% (470 K) 

6000 h−1 [36] 

AgPW Humidity 
2% 
9% 

75% (493 K) 
100% (493 K) 

100% (493 K)
99% (493 K) 

6000 h−1 [29] 

4. Industrial Concerns 

In addition to research on optimizing the catalysis of ethanol dehydration, investigations in 

improving other aspects of producing green ethylene have also made progress. Instead of conventional 

methods for obtaining ethanol from fossil fuels or by synthetic gas or even newer methods such as 

using corn feedstock, Algenol (USA) has proposed to produce ethanol by fermentation in algae [39]. In 

comparison to yeast fermentation, ethanol produced by algae can be removed without killing the algae. 

Because algae can continuously grow and produce ethanol without being killed, the need for 

regeneration of the algae is eliminated, as opposed to the need to regularly replenish yeast. As a result, 

Algenol researchers reported that by using algae, they could produce 6000 gallons of ethanol per acre 

per year, a significant increase from the 400 gallons per acre per year produced by corn production. 

However, since Algenol is only concerned with the production of ethanol and not ethylene, a link 

between the production of ethanol by algae and the rest of an ethylene processing plant must be 

considered, whether it is storage and transport of ethanol between two separate facilities or direct feed 

of ethanol into the reactor. 

Chen et al. (2007) researched the application of microscale reactors instead of conventional fixed 

bed reactors and found that the smaller reaction systems increased surface-to-volume ratios, mass and 

heat transfer capabilities, process safety, yield, and efficiency [40]. Selectivity for ethylene increased 

from 98.9% to 99.3% for TiO2/γ-Al2O3 under identical reaction conditions, and ethylene yield 

increased from 0.67 g/(g-catalyst.h) to 72.7 g/(g-catalyst.h). Scaling miniature reactors to industrial 

proportions poses a problem, as even the slightest increase of size of the reactors will produce less 

favorable results, and increasing the quantity of microreactors to meet commercial demands is 

potentially more costly than simply using conventional fixed bed reactors. 

Several other challenges must be overcome before the dehydration of ethanol to ethylene can 

replace steam-cracking fossil fuels to produce ethylene. Besides finding a reliable, renewable source of 

ethanol and developing ideal catalysts for the reaction, industrial concerns such as production cost, 

energy cost, catalyst regeneration, and most importantly, yield must be considered. Production costs 

may be lowered by increasing the space velocity of the plant, but doing so increases the optimal 

temperature and decreases the stability of the catalyst. An alternative is reducing the amount of 

equipment and machinery needed in the plant, which would also reduce the number of employees 

needed to operate. For energy costs, reducing reaction temperature while still achieving high 

selectivity is a priority, but the exiting fluid can also be used as heating fluid to recover heat and save 

energy. The exiting fluid is predominantly ethylene, diethyl ether, and water, and depending on the 

catalyst, the water may be directly fed back into the reactor with ethanol to maximize heat transfer 
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from water. The diethyl ether may be converted to ethylene, but that would require another facility. 

Instead, it can be used as a fuel to reduce energy costs as well. Catalysts with long life spans would 

reduce the number of times they would need to be regenerated. With catalysts such as SynDol or 

nanoscale HZSM-5, which have long lifespans compared to other catalysts, separate equipment for 

catalyst regeneration may not be necessary. This would significantly reduce production costs as well. 

If the currently researched technology were applied to an industrial plant while maintaining 

experimental results, the plant would be able to produce as much ethylene as steam-cracking plants, 

except at a steep cost of farmland. The Braskem ethanol to ethylene plant, currently the only 

commercialized ethanol to ethylene plant, imports 462 million liters of ethanol to produce 

200,000 tons of ethylene per year [14]. To produce as much ethylene as the tenth largest ethylene 

complex, Equate Petrochemical Company’s plant (Kuwait), the plant would have to produce 

1,650,000 tons of ethylene per year [5]. At 99.7% ethylene selectivity and 100% ethanol conversion 

for nanoscale HZSM-5, approximately the same amount of ethanol would be consumed. Using the 

density of ethanol at 20 °C, the following conversion can be made: 

16,500 tons ൈ
1000 kg
1 ton

ൈ
1 L

0.7893 kg
ൈ
1 gallon
3.7854 L

ൌ 552,200,000 gallons (1)

Algenol’s technology of producing ethanol by algae fermentation can supposedly produce 6000 

gallons of ethanol per acre per year [39]. This means: 

552,200,000 gallons ൈ
1 acre

6000 gallins
ൌ 92,000 ݏ݁ݎܿܽ ൌ 370 Kmଶ  (2)

To put this in perspective, all of the U.S. Virgin Islands or a third of Hong Kong would have to be 

used for algae farms. This is just to compete with the tenth largest ethylene plant. To produce 141 

million tons of ethylene, the projected global demand for 2012, 32,000 km2 would have to be used. 

That is, an area around the size of Taiwan would be used on algae farms. A more feasible solution 

would be to use a mixed source ethanol feedstock—some produced by algae and some by other 

biomass. This way the amount of additional land needed for algae farms would be reduced, and the 

amount of corn or sugar cane used to produce ethanol would not cause competition with other 

industries, such as the food industry. 

Of course, production and energy costs would have to be considered as well, in order to compare 

with steam cracking plants. The costs of constructing the algae facilities, transporting ethanol to the 

ethylene plant, purchasing or synthesizing catalysts in bulk, and heating the reactor to optimal reaction 

temperature are just a few of the many investments that would have to be made. A plant that produces 

500,000 tons of ethylene per year would require 821,000 tons of ethanol, 22,000 tons of fuel, and a 

capital cost of $150 million (compare with $700 million for a cracking plant), according to 

Seddon [41]. The production cost of ethylene would depend mainly on ethanol prices, and currently 

ethanol prices are at about $910 per ton, as reported by Businessweek [42]. The International 

Renewable Energy Agency (IRENA) reported ethylene production costs at about $2000 per ton from 

corn feedstock in the U.S. ($1200 per ton from sugar cane feedstock, which is what the Braskem plant 

uses), while petrochemical ethylene only costs $600 to $1300 per ton [43]. Compared with the 

bioethylene production costs with the $1650 per ton price of ethylene reported by PRNewswire, the 

bioethylene plant would not gain any revenue [44]. However, using the algae technology instead of 
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corn feedstock and more efficient catalysts like nano-HZSM-5 would significantly reduce production 

costs, and may make a bioethylene plant profitable. Nanoscale and microscale HZSM-5 zeolites, the 

crystal size of nanoscale HZSM-5 is in the range of 50–100 nm and that of microscale HZSM-5 is in 

the range of 1–3 μm [25]. In addition, the high demand for ethylene and increasing public awareness of 

green alternatives ensures that there is a market for green ethylene, with approximately 80% of the 

ethylene produced by the Braskem plant was sold before its construction [14]. The bioethylene 

produced may also be sold with a green premium to increase profits.  

High energy costs account for much of the production costs as well, and a comparative study of 

different ethanol to ethylene processes by Arvidsson et al. (2011) includes an analysis on heat recovery 

and conservation to potentially reduce those costs [45]. Based on a 200,000 ton ethylene capacity, 

simply combining an ethylene plant and an ethanol plant into one refinery instead of using stand-alone 

plants would reduce the minimum hot utility demand from 130.9 MW to 79.2 MW. The minimum cold 

utility demand would also be reduced from 195.7 MW to 141.1 MW. In addition, the integration of 

flue gas with the ethylene reactors of the combined bio-refinery would further reduce the utility 

demands to 68.0 MW (hot) and 140.4 MW (cold). Alternatively, introducing mechanical vapor 

recompression on the rectifier distillate was predicted to have a hot utility demand of 32.1 MW, and a 

cold utility demand of 102.4 MW. Lastly, the delivery of high pressure (41 bar) steam to the chemical 

cluster resulted in a calculated hot utility demand of 76.0 MW and a cold utility demand of 137.6 MW. 

A summary of results is shown in Table 5. The application of any of the theoretical biorefinery 

configurations would greatly reduce energy costs, with the incorporation of mechanical vapor 

recompression being the most efficient. In combination with the algae technology and nanoscale 

HZSM-5, converting ethanol to ethylene may soon become a cost-effective reality. 

Table 5. Comparison of ethanol to ethylene plant configurations [45].  

Configuration 
Minimum hot 
utility (MW) 

Minimum cold 
utility (MW) 

Net electricity 
(MW) 

Net fuel 
(MW) 

Stand-alone EtOH 112.2 147.6 24.3 0.0 
Stand-alone Ethylene 18.7 48.1 −4.4 −15.9 

Biorefinery 79.2 141.1 8.0 −7.9 
Bio-F 1 68.0 140.4 8.5 7.5 

Bio-MVR 2 32.1 102.4 −15.8 −7.9 
Bio-VHP 3 76.0 137.6 17.1 −7.9 

1 Biorefinery—Flue gas integration with ethylene reactors; 2 Biorefinery—Introduction of mechanical vapor 

recompression on the rectifier distillate; 3 Biorefinery—Very high pressure steam 41 bar (absolute pressure) 

steam delivery to the chemical cluster. 

5. Conclusions 

Despite much advancement being made in producing ethylene from ethanol, the process is not 

ready to replace fossil fuel methods in meeting the world demand for ethylene. Recent successes in 

increasing ethylene yield and lowering reaction temperature by modifying catalysts have revealed a 

number of catalysts that could be applied to industry, the most favorable one being nanoscale  

HZSM-5, which has a 99% ethylene yield at 240 °C and a lifespan of 630 h before ethylene selectivity 
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decreased to below 98%. However, even with the development of catalysts such as Ag3PW12O40 and 

nano-HZSM-5 achieving over 99% ethylene yield at temperatures as low as 220 °C, and algae and 

microreactor technology potentially reducing other production costs, bioethylene is still not profitable 

enough to produce industrially. Recent findings on lowering energy costs have also appeared to make 

ethanol dehydration more profitable, but since they were based on a 200,000 tons capacity, a larger 

capacity plant may not save as much on energy expenditures. As the most widely produced organic 

chemical in the world, ethylene is produced at the rate of over 100 million tons per year. Until ethanol 

dehydration plants can achieve such high yield at costs competitive with steam-cracking plants, 

industry will continue to use the limited fossil fuels. Thus, future researchers should conduct their 

research in the context of economical factors and with respect to the other steps in the process of 

producing ethylene from ethanol. Studies focused on the catalysis of ethanol dehydration should keep 

catalyst stability and lifespan in mind and should shift goals towards lowering reaction temperature 

instead of increasing yield, and studies on ethanol production or reactor technology should not neglect 

the problem of linking parts of the ethylene production chain together. In addition, studies on catalysts 

should include information on the effects of changing various different reaction conditions, rather than 

just one or two. A reaction condition that no study addressed is the effect of using impure ethanol as a 

feedstock. This is particularly relevant to industry, because different ethanol feedstock sources contain 

different impurities, which may affect a certain catalyst’s catalytic ability or life span in different ways. 

Increasing the number of studies on algae technology may have the benefit of possibly increasing the 

yield of ethanol per acre of algae, and more studies on heat conservation in reactors may reduce energy 

expenditures needed for plant operation. Of course, one also considers simultaneously the 

transformation of ethylene (or ethanol) to alkanes or alkenes. It will produce products that are 

more valuable. 
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Report of the ad-hoc expert group on pesticides in organic food production, meeting on 22 – 23 
January 2008  
Request concerning the use of ethylene for sprouting inhibition in potatoes and onions  
 
5.1 Recommendations  
The expert group recommends ethylene to be allowed for sprouting inhibition in potatoes and onions.  
 
5.2 Considerations Identification of substance  
No issue.  
Authorization in general agriculture  
Authorization at Community level  
Ethylene for post-harvest treatment is subject to the 4th stage review. Annex I status is pending. RMS UK 
proposes Annex I inclusion.  
 
Authorizations at Member State level  
Has been considered a commodity, now registered for post-harvest treatment in various MS.  
 
Origin  
Ethylene is produced by all higher plants and therefore omnipresent in nature. The ethylene (identical to 
the naturally occurring ethylene) used for agricultural purposes is obtained through chemical processes 
(see further remarks below).  
 
Necessity  
Details of use  
Constant exposure of stored potatoes and onions to ethylene in low concentration inhibits sprouting.  
Alternative products and methods currently allowed  
Cold storage, use of varieties with high dormancy and/or caraway seed oil (for potatoes, where 
registered) may provide solutions in certain situations.  
 
Necessity of requested use  
A longer marketing period is important for the economic sustainability of farms.  
This use of ethylene is not directly linked to the control of a pest or disease, but under Dir 91/414, this use 
of ethylene is considered to be plant protection. In Reg. 2092/91, products for similar uses (including 
sprout inhibition with caraway oil) are listed together with pesticides in Annex II B. Therefore, it is the 
opinion of the expert group that the criteria in Reg. 834/2007, Art. 16 are applicable in this case.  
 
Environmental issues  
Environmental fate, hazards and risks are assessed in detail during pesticide registration, and 
authorizations are accompanied by obligations for appropriate risk management. The expert group does 
not see the need to reassess these issues.  
The DAR on ethylene does not raise any concerns. 
Theoretically, after release from the storage rooms, ethylene could affect the vegetation, but Report of the 
ad-hoc expert group on pesticides in organic food production, meeting on 22 – 23 January 2008 page 13 
the quantities used are negligible in comparison to natural and industrial emissions.  
 
Human health  
No concern.  
 
Objectives and principles of organic farming: Food quality  
Under conditions of prolonged storage, a higher external and internal quality can be maintained (absence 
of sprouts and wrinkles, composition of tubers).  
If it allows storage of potatoes at higher temperatures, it would contribute to reducing the risk of formation 
of acrylamide during processing, frying or baking of the potatoes.  
 
 
 



Harmonization  
Historic use in EU organic farming  
Yes, but not in potatoes and onions.  
Use in organic farming outside the EU  
Not known to the expert group.  
 
Precedents in EU organic farming  
Ethylene: Degreening of banana, khaki and kiwi, but no use for sprout inhibition.  
Sprout inhibition: caraway oil (listed in Annex II B under the generic term of “plant oils”)  
Further remarks  
This use can allow to store potatoes and onions for a longer period and, as a consequence, to supply the 
market with locally produced potatoes and onions for a longer period.  
Ethylene can be applied in several ways. In airtight, closed chambers injection of compressed ethylene 
gas is proposed in the request for degreening citrus, while heating of ethanol on a catalyst is proposed in 
the request for sprouting inhibition in potatoes and onions.  
 
There are ethylene field application methods which are not allowed in organic farming (calcium carbide, 
ethephon). The expert group recommends to clarify in the Regulation which ways of ethylene application 
are allowed.  
 



18.9.2008	EN	  Official	Journal	of	the	European	Union	  L	250/1 
I 

(Acts	adopted	under	the	EC	Treaty/Euratom	Treaty	whose	publication	is	obligatory) 
	

REGULATIONS 
	

COMMISSION	REGULATION	(EC)	No	889/2008 
of	5	September	2008 

laying	down	detailed	rules	for	the	implementation	of	Council	Regulation	(EC)	No	834/2007	on	organic	
production	and	labelling	of	organic	products	with	regard	to	organic	production,	labelling	and	control 

 
 

[jump to] 
 

6.	 Other	substances	from	traditional	use	in	organic	farming	 

Authorization Name Description 
A Copper in the form of copper 

hydroxide,	copper	
oxychloride,	(tribasic)	copper	
sulphate,	cuprous	oxide,	
copper	octanoate	 

Fungicide.	
up	to	6	kg	copper	per	ha	per	year	 

For	perennial	crops,	Member	States	may,	by	derogation	
from	the	previous	paragraph,	provide	that	the	6	kg	
copper	limit	can	be	exceeded	in	a	given	year	provided	
that	the	average	quantity	actually	used	over	a	5-year	
period	consisting	of	that	year	and	of	the	four	preceding	
years	does	not	exceed	6	kg	 

A Ethylene Degreening	bananas,	kiwis	and	kakis;	Degreening	of	
citrus	fruit	only	as	part	of	a	strategy	for	the	prevention	
of	fruit	fly	damage	in	citrus;	Flower	induction	of	
pineapple;	sprouting	inhibition	in	potatoes	and	onions	 

A Fatty	acid	potassium	salt	(soft	
soap)	 

Insecticide 

A table continues  
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Company
Restrain Company Ltd.

Garos
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Minerva business Park
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Restrictions
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SIDS INITIAL ASSESSMENT PROFILE

CAS No. 74-85-1
CHEMICAL NAME Ethylene

STRUCTURAL
FORMULA

C C
H

H

H

H

CONCLUSIONS

Environment:
Ethylene is, due to its physical and chemical properties released mainly into the atmospheric
compartment. About three quarters of atmospheric ethylene originates from natural sources, while
one quarter is from anthropogenic sources. The main anthropogenic release is from burning of
hydrocarbons and biomass.

It has been well documented through relevant toxicity studies that the minute amounts measured in
water implies little environmental hazard to the organisms in this compartment.

In the terrestrial compartment, the vegetation has proven highly susceptible to this gas, probably
through a mechanism related to the hormone function of ethylene in plants. Ethylene levels in urban
areas have reached levels which inhibit growth of certain plant species. This is of concern both for
decorative plants and agriculture in exposed areas. This is mainly due to incomplete burning of coal
and petrol products in urban areas. The industrial emission is a minor contribution to total emissions
and effects on vegetation are only expected close to production and processing plants.

Human Health:

Relevant studies have indicated a low toxicity of ethylene and no risk to human health has been
identified neither from occupational exposure nor exposure of general public, either exposed directly
or indirectly via the environment. However, metabolic studies in animals and man have revealed that
ethylene is metabolised to ethylene oxide which is known to have carcinogenic and mutagenic effects.

RECOMMENDATIONS

No further testing of ethylene toxicity is recommended.

It is recommended to do a closer monitoring of  the environmental ethylene levels in urban and
polluted regions with respect to its potential intoxication of vegetation, but this goes beyond the
OECD HVP Chemical Programme.
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FULL SIDS SUMMARY - ETHYLENE

CAS NO:   74-85-1 SPECIES PROTOCOL RESULTS

PHYSICAL-CHEMICAL

2.1 Melting Point  - 169.15   °C

2.2 Boiling Point  - 103.71   °C

2.3 Density    0.57 g/m3  (at boiling point)

2.4 Vapour Pressure    4.27   MPa at 0°C

2.5 Partition Coefficient
(Log Pow)

   1.13 (calculated)

2.6 A. Water Solubility    131  mg/l at 20 °C

      B. pH    -

pKa    -

2.12 Oxidation: Reduction
Potential

   -

ENVIRONMENTAL FATE
AND PATHWAY

3.1.1 Photodegradation Lifetime = 0.37 to 4 days

best estimate = 1.45 days

3.1.2 Stability in Water -

3.2 Monitoring Data In air:

Rural areas  < 1 - 5 µg/m3

Urban areas < 50 µg/m3

Heavy traffic < 1000 µg/m3

Occupational exposure < 5 mg/m3

In water:
Baseline   6.0 µg/l
Polluted areas 44 µg/l

3.3 Transport and
Distribution

Calculated
(Fugacity Level
1 type)

In Air    99.99915  %
In Water -     %
In Sediment      -       %
In Soil -     %
In Biota -      %

3.5 Biodegradation Biodegradation in water:

Aerobic:      T1/2 =  1 - 28 days

Anaerobic:  T1/2 =   72 - 112 days

ECOTOXICOLOGY

4.1 Acute/Prolonged
Toxicity to Fish

Orange spotted
sunfish

various fish

Fathead
minnow

LC50 (1 hr) = 22 mg/l

QSAR values:

LC50 (4 days) = 50-119.5  mg/l

NOEC (28 days) = 13mg/l



OECD SIDS                          ETHYLENE

UNEP Publications
4

CAS NO:   74-85-1 SPECIES PROTOCOL RESULTS

4.2 Acute Toxicity to
Aquatic Invertebrates

Daphnia
manga

QSAR value:
EC50 (48 hr) = 53 - 152.9 mg/l

4.3 Toxicity to Aquatic
Plants e.g. Algae

Selnastrum
capricornutum

Growth inhibition:

EC50 ( 72 hr) = 40 mg/l

Growth rate inhibition:

EC50 ( 72 hr) = 72 mg/l

NOEC ( 72 hr) = 13.9 mg/l

4.5.2 Chronic Toxicity to
Aquatic Invertebrates

Daphnia
manga

NOECs ( 16  d)  = 37.4 mg/l

4.6.1 Toxicity to Soil
Dwelling Organisms

-

4.6.2 Toxicity to Terrestrial
Plants

Peas, potatos,

oats, cotton

Cattleya orcid

EC50 (24 hr) =  8 - 700 µg/m3

EC50 (24 hr) = 2.3  µg/m3

(4.6.3) Toxicity to Other Non-
Mammalian Terrestrial
Species (Including
Birds)

-

TOXICOLOGY

5.1.1 Acute Oral Toxicity

5.1.2 Acute Inhalation
Toxicity

Mice LD50 = 950,000 ppm

5.1.3 Acute Dermal Toxicity -

5.4 Repeated Dose Toxicity Rat, SD NOEC > 10,000 ppm

5.5 Genetic Toxicity In
Vitro

   A. Bacterial Test
(Gene mutation)

E.Coli neg. (With metabolic activation)
neg. (Without metabolic activation)

   B. Non-Bacterial In Vitro
Test (Chromosomal
aberrations)

CHO cells OECD TG 473 neg (With metabolic activation)
neg. (Without metabolic activation)

5.6 Genetic Toxicity In
Vivo

Mouse

Rat

Micronuc. test

Micronuc. test

neg

neg

5.7 Carcinogenicity Rat 2 years inhalation study negative

5.8 Toxicity to
Reproduction
(Inhalation
administration)

Rat OECD TG 421
Inhalation

NOEL = 5,000 ppm (General toxicity)

NOEL = 5,000 ppm (Repro. Tox.)

5.9 Developmental
Toxicity/ Teratogenicity

-

5.11 Experience with Human
Exposure

Work place exposure ≤ 4 mg/m3

Peak levels ≤ 50 mg/m3
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SIDS INITIAL ASSESSMENT REPORT

1.    IDENTITY

Name (IUPAC):  Ethylene

CAS number:  74-85-1

Molecular formula:  CH2CH2

Molecular Weight: 28.05

Other names: Ethene, acetene, bicarburetted hydrogen, olefiant gas, elayl.

Even the high volume industrial product is of high purity (about 99.9%). The main impurities are
methane and ethane. There are no impurities or additives known to represent any risk of toxicity.

Ethylene is gaseous with a boiling point of -104 oC at atmospheric pressure. Ethylene is stored in the
liquid state under high pressure or at low temperatures.

Ethylene has a solubility in water of 131 mg/l at 20 oC. The log Pow value of 1.13 (calculated) indicates
only a slightly higher solubility in octanol than in water and no potential for bioaccumulation is indicated.

Classification and labelling of ethylene focus on the flammability and the explosive properties. Within
EU ethylene is classified as extremely flammable and should be labelled according to Fx, R12 and
correspondingly according to S2-9-16-33.

2.     GENERAL INFORMATION ON EXPOSURE

Ethylene is the petrochemical produced in largest quantities worldwide. For 1996 the total production
volume is estimated to be 83,000,000 tonnes. EU has a production capacity of  18,200,000 tonnes. More
than  95% of the annual commercial production of ethylene is currently based on steam cracking of
petroleum hydrocarbons.

About 80 % of the ethylene consumed in US, Western Europe and Japan is used for production of
ethylene oxide, ethylene dichloride, linear low density and high density polyethylene. Significant amounts
are also used to make ethylbenzene, alcohols, olefins, acetaldehyde and vinylacetate. Minor quantities are
used as anaesthetic gas, for fruit ripening and for welding and cutting metals.

Industrially produced ethylene is, due to the physical state of the product, kept in closed systems during
both production, storage and in further processing. Often production plants utilizing ethylene as raw
material are situated close to where ethylene is produced, however large quantities are also traded
internationally. Ethylene is transported by sea in gas tankers in liquid form. On land transport mainly by
pipelines. Even if the gas is kept in closed systems, transport implies a risk for environmental exposure.
In cases when the transport devices maintain the pressure by cooling, the cooling systems may fail, giving
higher pressure and leakage through safety valves.

Ethylene is ubiquitous in the environment, arising from both natural and man made sources. Major
natural sources are emissions from vegetation of all types, where it functions as a plant hormone.
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The main anthropogenic sources are from combustion of gas, fuel, coal and biomass. The highest
exposure concentrations to humans are due to ethylene from car motors. The total global ethylene
emission has been estimated to be 18-45 . 106 t/y, of which approximately 74 % is released from natural
sources and 26 % from anthropogenic sources. Emission from fuel oil combustion is estimated to
1.54.106 t/y, equal to approximately 4 % of total global emissions.

2.1   Production volumes, uses and release

Production plants and processing plants for ethylene are often sited together. A medium sized production
plant has a capacity of  ca. 400 000 tons/y and production runs 365 days/y. Fraction released
corresponds to ca. 0.06 % of the production. As plants for processing and use of ethylene are, as already
mentioned, assumed to be directly connected to the production site by pipelines, these activities do not
contribute significantly to the emissions.

3.    ENVIRONMENT

3.1   Environmental Exposure

3.1.1 General Discussion           

Fugacity calculation using a six compartment global reference model shows that emitted ethylene almost
exclusively is distributed to air. The most recent methods give a calculated lifetime of 1.45 days for
ethylene in the atmosphere, this is the sum of all relevant loss pathways. Other calculations gave lifetimes
in the range of 0.37-4 days. Biodegradation in water is however slower with half-lives in the range of 1-
28 days, and even slower under anaerobic conditions where half-lives are 3 to 112 days.

No bioaccumulation is expected as the calculated Log Pow is low (log Pow  = 1.13) and the vapour
pressure is high. This is confirmed in the fugacity calculation below.

3.1.2 Predicted Environmental Concentration

Air
Environmental levels will depend on both anthropogenic and natural sources in the surroundings, but
highest levels are measured in urban areas and this is considered due to combustion of fuel, coal and gas.
Ethylene concentrations in ambient air at rural and remote sites worldwide are generally in the range of <
1 - 5 mg/m3. In urban and indoor air contaminated with combustion products, ethylene concentrations
typically range from a few up to about 50 mg/m3. However, in extreme cases values above 1000 mg/m3

have been measured in heavy traffic.

Local environmental concentration in air due to industrial production and use (production and use usually
coexists) can be examplified by a refinery with a production capacity of 365 000 tons/y. Production is
continous with emissions 365 days/y. Local emissions at the site have been measured to be 24 kg/h equal
to 210 tons/y or 0.057 % of total production and use. According to TGD(96) this gives a local
concentration of 160 µg/m3 at a distance of 100 m from the source.

From these observations, the maximum Predicted Environmental Concentration is estimated to be
regionally (PECregional) 5 mg/m3 and locally (PEClocal) for traffic 1000 mg/m3 and for industrial production
and use 160 µg/m3, and general urban areas 50 µg/m3.

Water
The marine aquatic level of ethylene has been measured in a set og 452 samples. This gave a baseline
(average) concentration of  6.0 mg/l, but increasing up to 44 mg/l in heavily exposed areas.
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Environmental partitioning
A fugacity level I calculation, using a six compartment (air, water, soil solids, suspended sediments and
fish) model has been conducted using the global reference model of OECD. Default values for the
environmental parameters were not changed. Entered generic parameters were:  melting point  - 169.15
oC, vapour pressure 4.27 MPa, water solubility 200 g/m3, log10POW  1.13, half-life in air 56 hours, half-
life in water, soil and  sediment 672 hours. This gave the following distribution:

in air 99.99915 %,
in water 8.27.10-4 %,
in soil solids 9.88.10-6 %
in sediment solids 2.20. 10-7 %
in suspended sediments 6.87.10-9 %
in fish 5.58.10-10 %

This means that for all practical purposes, emitted ethylene is distributed to air only.

The fate of atmospheric ethylene emitted from natural and anthropogenic sources has been estimated by
several methods.  The most recent published estimates indicate that about 85.4 % was destroyed in the
troposphere by reaction with OH radical, and 14.5 % in the reaction with O3. The remaining 0.07 % was
transported into the stratosphere. The atmospheric lifetime of ethylene was estimated to be 1.45 days.
Other estimates of lifetime of ethylene in the atmosphere due to the combined effect of O3 reaction with
ethylene and .OH reactions are in the range of 0.37 and 4 days.

3.2   Effects on the Environment

3.2.1 Aquatic effects

There are limited experimental data on the toxicity of ethylene to fish and invertebrates. A rather old
study concluded that ethylene concentrations above 22 mg/l might be lethal to orange-spotted sunfish
after 1 hour exposure. Calculated values (QSAR) indicate LC50 values from 50 to 120 mg/l for different
fish species after 4 days exposure. Calculated NOEC for fish after 28 days exposure (Fathead minnow)
is 13 mg/l.

Calculated LC50 values for Daphnia range from 53 - 153 mg/l. NOEC after 16 days was 37.4 mg/l.

In order to estimate the toxicity of ethylene to aquatic plants, a growth inhibition test to the alga
Selenastrum capricornutum was undertaken. Nominal ethylene concentration in the growth medium
ranged from 8.2 to 131 mg/l. During the 72 hr exposure period there was a loss of ethylene in the range
of 64-91 %, however in calculation of results the mean measured ethylene concentration was used. EC50

for the growth inhibition based on biomass was calculated to be 40 mg/l. Based on the specific growth
rate (m), the 0 - 72 hr EC50 was calculated to be 72 mg/ml. The highest NOEC was 13.9 mg/l.

The results agree fairly well with the calculated (QSAR) EC50 value for growth of algae after 48 hours
exposure of 122.5 mg/l.

This is a rather important finding, since it demonstrates that the aquatic algae do not show the high
susceptibility to ethylene as terrestrial plants. This coincides with ethylene having no function as a plant
hormone in aquatic algae, which are single cell organisms.

3.2.2 Terrestrial effects

Available data show that higher plants are highly susceptible to ethylene. Ethylene is a natural plant
hormone produced by plants at all stages in growth in varying amounts. The susceptibility of a plant is
also dependant on stage of growth. Ethylene plays an important role in flowering, fruit ripening,
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senescence and abscission. Exposure of high concentrations of ethylene can have deleterious effects on
plants if it occurs at the wrong time for plants. Adverse effects that may occur are inhibition of
photosynthesis and growth, epinastic curling and shedding of flowers and leaves. Among the more
sensitive agricultural or horticultural crops are peas, potatoes and oats where retardation effects were
observed at concentrations in the range 8-50 mg/m3 .  The most susceptible non-woody plant reported are
African marigold which reacts epinasty at 1.2 µg/m3 (0.001 ppm) and Cattleya orchid with septal tissue
collapse at  2.3 mg/m3 (0.002 ppm) ethylene for 24 hours. The table below summarizes some of the
observed effects described in literature. The observations are grouped according to the seriousness of
effects.

Summary table of effects of ethylene exposure to vascular plants. Exotic and tropical
plants are not included. Epinasty=leaf curling, Abcission=loss
Effects exposure

time
Concentration
µg. m-3

1) None or small long term effects:
Epinasty, Lemon 25-50
Epinasty, tomato 3-4 h 46
Epinasty, Chenopodium 60
Epinasty, Potato 16 h 60

2) Effects that may cause long term effects
Inhib growth, sweet pea, (NOEC) 2 d 12
Abscission flower, Carnation  2d 58
Inhibition of photosynth. Pea (NOEL) 2 h 115
Abscission flower, Snapdragon 1h 575

3) Long term effects:
Decreased amount flowers, Oats 100d 8
Growth inhibition, Potato 28 d 27
Yield reduction, Tomato 28 d 50
Growth retardation, Pea 116
Yield reduction, Garden cress (30 %) 14 d 115
Yield reduction, Cotton 30 d 700

3.2.3 Other effects

E. coli B  bacteria were treated with ethylene by passing the gas through a bacterial suspension at
constant rate for 10 minutes. After exposure, the suspensions were plated on agar medium and incubated
for 24 hours at 37°C. Survival of colonies from gas treated cells was 79 ± 1.3 % of controls. The survival
of the E. coli Sd-4 strain after the same treatment was 84.2 ± 1.6 % compared to controls. It was
concluded that treatment seemed to have little if any effect on the survival of both bacteria strains.

3.3    Initial Assessment for the Environment

3.3.1 Aquatic compartment

The solubility of ethylene in water is comparatively low (200 mg/l at 15 oC), and the observed levels even
lower. A baseline level of 6.0 mg/l has been measured, and even in heavily exposed areas the observed
levels are only about 38-44 mg/l. Compared to the no effect concentrations for fish and algae of about 13
mg/l this gives a PEC/PNEC of 3.4.10-3 and no reason for concern.

3.3.2 Terrestrial compartment
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When evaluating the terrestrial compartment, ethylene is present in air, but not in other compartments.
The predicted environmental concentrations have been estimated to be PECregional = 5 mg/m3 and PEClocal =
50 mg/m3 (burning/urban), 160µg/m3 (industrial) and 1000µg/m3 (heavy traffic).

PECregional is on the same level as those effecting susceptible plants (2.3 µg/m3), however the observed
effects are not of long term significance. PEC local (burning/urban) of 50 µg/m3 is above the level known to
affect agricultural plants (8-50 µg/m3) after long exposure periods. This is a problem localised to urban
areas and locations with much traffic or burning of fossil hydrocarbons. In these areas, ethylene from fuel
combustion is known to interact with other air pollutants like SO2, NOX, ozone etc. The importance of
agriculture in such areas are low. PEC/PNEC for local industrial emissions are also high, with most
ratios being greater than 1 when comparing with effect concentrations in the summary table in section
3.2.2. However it applies only for within 100 m of site and as for urban areas the agricultural importance
in these areas are low. With ethylene exposure concentrations of  1000 ppm as is the case for areas with
heavy traffic, even quite short exposure periods may give long term effects. The awareness of the
intoxication of plants in urban areas with ethylene is not new, but the present assessment further focuses
on this problem.

4. HUMAN HEALTH

4.1 Human Exposure

Ethylene was in general use as an anaesthetic for many years. It has been replaced by more modern
anaesthetics, mostly due to the high explosion risk. Today, elevated exposure of humans is limited to a
low number of workers at ethylene production plants, and those involved in transport of ethylene.

4.1.1 Occupational exposure

Personal and stationary monitoring of ethylene in a company where ethylene was used for controlling the
ripening of bananas showed air concentrations to be in the range of 0.02-3.35 ppm (0.02 - 3.85 mg/m3).
In a study on exposure of firefighters, samples taken during the "knockdown" phase of a fire showed a
concentration of 46 ppm (53 mg/m3) ethylene.

A study was carried out among workers at a Swedish petrochemical plant in order to assess the amounts
and effects of ethylene exposure. The study was carried out in two parts, part one in 1989 and part two in
1993. Eight workers exposed to high levels of ethylene ( 4 mg/m3) and 3 workers exposed to lower levels
(0.1 -0.3 mg/m3) were compared to nine controls exposed to 0.01 mg/m3. Part two of the study, which
included four workers, was designed to more accurate determine exposure level which had a mean of 4.5
mg/m3.

4.1.2 Consumer exposure

No consumer products contain or release ethylene, thus consumer exposure is not relevant.

4.1.3 Indirect exposure via the environment

Humans will be exposed to ethylene in the air which has been estimated to maximum
PECregional = 2 mg/m3 and PEC local = 50 mg/m3. In-door air is anticipated also to contain increased levels
of ethylene.

4.2   Effects on Human Health

a) Mode of action of the chemical, toxicokinetics and metabolism
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No clear evidence of toxic effects of exposure of humans or animals to ethylene has been reported.
However, it has been shown in studies, both in animals and in humans that inhaled ethylene can be
metabolised to ethylene oxide. This metabolism is of concern since ethylene oxide is a potent alkylating
agent, a carcinogen and a genotoxicant, and hence more toxic than ethylene. About 5 - 10 % of ethylene
inhaled by rats has been reported to be converted to ethylene oxide, depending upon the concentration of
ethylene in the inhaled air.

Part of the ethylene oxide formed from ethylene has been shown to react with nucleophilic sites in DNA
as well as in haemoglobin. The extent of adduct formation with haemoglobin has been used to monitor the
ethylene exposure in animals and in humans after occupational exposure. The oxidation of ethylene to
ethylene oxide and subsequent alkylation of DNA and proteins identifies a possible  mechanism of
potential toxic effects of ethylene in humans.

Epidemiological as well as experimental data concludes that ethylene oxide is a carcinogen, and this is
also the conclusion of the IARC working group. Thus ethylene oxide is classified as a carcinogen.

It has been demonstrated that ethylene is acute hepatotoxic to rats pre-treated with polychlorinated
biphenyl (PCB) probably due to the induction of hepatic mixed function oxidases which catalyse the
oxidation of ethylene to ethylene oxide. This indicate that combined exposure to inducers of mono-
oxygenases and ethylene may cause a health hazard in humans.

b) Acute toxicity

The acute toxicity of inhaled ethylene is low, but very high concentrations may cause asphyxia due to
oxygen displacement. The lethal concentration for mice in air is estimated to be 950,000 ppm (1093
g/m3).  When male rats were exposed to 10, 25 or 57 .103 ppm (11.5, 28.8 or 65.6 g/m3) for 4 hours, all
groups showed increased serum pyruvate and liver weight.

c) Repeated dose toxicity

The toxicity of ethylene has been tested in a 90 days inhalation study on 4 exposed and one control
groups of 30 rats (15 males, 15 females).  The animals were exposed 6 hours/day 5 days/week for 13
weeks. The different groups were exposed to 0; 300; 1,000; 3,000 or 10,000  ppm (0, 345, 1150, 3450 or
11,500 mg/m3). There were no differences between controls and treated rats with respect to total weights,
weight change, food consumption, haematology, clinical chemistry, gross pathology or histopathology.
Male rats in the control, 300 ppm and 10,000 ppm groups showed red deposits or red discharge around
the nose, whereas the males in the 1000 ppm group had red deposits around the eyes. Amongst the female
rats, a red deposit was observed around left eye of one 300 ppm rat and alopecia around both ears of one
1000 ppm rat. Compared with the controls, the liver weights in several groups of exposed rats were
significantly lower. There was however, no dose response relationship for this weight reduction and the
cause was unknown. Ethylene appeared to have a low toxicity in rats when administered up to 10,000
ppm (11,500 mg/m3). This is considered a no effect level (NOEL) for the 90 days study.

In a small explorative study, where a group of six male Sprague-Dawley albino rats were exposed to a
continuous flow of 60% (600,000 ppm) ethylene in oxygen as inhalation for 6 days, effects could be seen
on several haematology parameters. There was a significant reduction in thrombocyte count (-19.3%) and
leukocyte count (-48.2%). A reduction was also seen in the bone marrow cellularity  (-30%). With this
very high concentration, clear signs of toxicity were seen. However, the relevance of these studies to
human health is unclear since very high doses were used.

d) Reproduction developmental toxicity
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The potential effects of ethylene inhalation on rat reproduction and on growth and development of the
offspring has been studied in a combined reproduction/development toxicity screening test, conducted
according to GLP. Four groups of rats (10 females and 10 males per group) were dosed by head only
inhalation for 6 hours daily with: air only (control); 200, 1000 or 5000 ppm  of ethylene (corresponding
to 0, 230, 1150 or 5750 mg/m3). This dosing regime was calculated to give about 80, 400 and 2000
mg/kg/day of ethylene for the three dosed groups respectively. The test substance  was administered to
parent animals for two weeks prior to mating, during the mating period and until the day prior to
necropsy of the males (minimum 28 days) or until day 20 of gestation for the females. The females were
allowed  to litter and rear their offspring to day 4  post-partum, when they and their offspring were
killed.

Morbidity, mortality, clinical condition, weight and food intake were observed throughout the study, and
mating was carefully observed. For each female, litter data and also observations for each offspring were
recorded. At termination of the study, all animals were subject to macroscopic examination for structural
or pathological changes. Ovaries, testes and epididymides of the control and high dose animals were
subject to a histopathological examination.

There were no deaths attributable to the test article, and body weight gain was not adversely affected
during the pre-pairing, gestation or lactation periods. The treatment had no effect on fertility or fecundity
and all females became pregnant. Litter size, sex ratio, mean pup weight and pup growth and clinical
condition were not adversely affected by treatment.

Necropsy revealed no macroscopic finding suggestive of toxicity due to test substance administration.
There was no evidence of any toxic effect on the testis due to test substance administration and there were
no other microscopic findings suggestive of toxicity due to the exposure.

In conclusion, head-only administration of ethylene at nominal concentrations of 200; 1,000 or 5,000
ppm was without evidence of toxicity or adverse effects on male and female reproductive performance,
fertility, pregnancy, maternal and suckling behaviour and growth and development of the offspring from
conception to Day 4 post-partum. The highest dose was concluded to be a no effect level (NOEL) for the
reproduction/development screening test in rats.

e) Genetic toxicity

Bacterial test in vitro
Ethylene at atmospheric concentrations up to 20 % gave no indication of mutagenic potential when tested
i one strain of Salmonella typhimurium in the presence or absence of a liver metabolic activation system
(S9) (Ames test). Previous testing with four Salmonella strains in the presence and absence of  S9 have
also given negative results. Ethylene also showed no genotoxic activity in Escherichia coli.

Non-bacterial in vitro test
The effect of ethylene on chromosome structures was tested in an in vitro cytogenetics assay using
duplicate cultures of CHO cells. The test was conducted according to GLP. Treatments covering a broad
range of doses, separated by narrow intervals, were performed both in the absence and presence of
metabolic activation system (rat liver post-mitochondrial fraction) from Aroclor 1254 induced animals.
The highest dose level used, approximately 280.5 mg/l, was equivalent to a concentration of 10 mM.

A preliminary range-finding study was performed to investigate the toxic effects of ethylene on CHO
cells. In this study, treatment in the absence and presence of S9 was for 3 hours only followed by a 17
hour recovery period prior to harvest (3+17). The dose levels for the main study were selected by
evaluating the effect of ethylene on mitotic index. The treatment regimes used in the range-finding study
were used in the main study. Chromosome aberrations were analysed at three consecutive dose levels. No
mitotic inhibition (reduction in mitotic index) was observed at the highest concentration chosen for



OECD SIDS                          ETHYLENE

UNEP Publications
12

analysis (280.5 mg/l) in either the absence or presence of S-9. Treatment of cultures with ethylene in the
absence and presence of S-9 resulted in frequencies of cells with structural aberrations that were similar
to, and not significantly different from, those seen in concurrent negative control cultures. Frequencies
seen in treated cultures fell within the normal range.

It is concluded that ethylene did not induce chromosome aberrations in cultured Chinese hamster ovary
cells exposed to a concentration of 280.5 mg/l in the absence and presence of S9.

Genetic toxicity in vivo
Ethylene did not induce micronuclei formation in bone marrow cells of rats or mice exposed to up to
3000 ppm (3500 mg/m3) for 6 h/day, five days/week for four weeks.

f) Carcinogenicity

The potential carcinogenicity of ethylene has been tested in a two years study with rats (Fischer 344
inbred). In the study, 960 rats were randomly divided into 4 groups of 120 animals of each sex and
exposed 6 hr/day, 5 days/week to 0 (control), 300, 1000 and 3000 ppm (0, 345, 1150 or 3450 mg/m3) for
up to 24 months.

During the course of the study there were observations of hair loss, deposits on and around the nose and
eyes and gross eye abnormalities, but there were no obvious differences among the treatment groups.

There was an overall increase in the number of animals exhibiting gross tissue masses for the test groups
as compared with the control group, although this trend was not statistically significant. The spontaneous
mortality (15.7 %) was roughly equal in all treated groups. The final body weights and total weight
changes for treated males were higher than those in the control groups, but no dose-related pattern was
seen.

There were no statistically significant difference among any of the treatment groups on any of the
haematology, blood chemistry or other parameters investigated. No gross or histopathologic tissue
changes attributable to the effects of the test material were observed in any of the treated rats. The
summary reports only few findings which could indicate any carcinogenic effect of the treatment.
However, based on the rate of formation of the carcinogen ethylene oxide and its possible role in ethylene
toxicity, the study did not have statistical power to detect an increased frequency of tumour formation.

The latest evaluation by the IARC working group (1994) concludes that there is inadequate evidence in
humans and in experimental animals for the carcinogenicity of ethylene. Overall, ethylene was evaluated
as not classifiable as to its carcinogenicity to humans.

g) Human data

The inhalation pharmacokinetics of ethylene was investigated in human volunteers at atmospheric
concentrations of up to 50 ppm by gas uptake in a closed spirometer system, and the uptake, exhalation
and metabolism could be described by first-order kinetics [64]. The clearance due to uptake  was low,
only 5.6 %, while the rest was only exhaled without entering the blood stream. Clearance due to
metabolism was 36 % of systematically available ethylene. The biological half-life of ethylene was 0.65
hours. The alveolar retention of ethylene at steady state was calculated to be 2 %. The low uptake rate of
ethylene was considered due to its low solubility in blood.

There have been two preliminary but independent reports of increased miscarriage rates among women
working in the petrochemical industry. Elevated ethylene concentrations were mentioned as a possible
reason, but this has not been confirmed. No firm conclusions can be drawn from these reports.
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A preliminary study found no increase in lung cancer incidence in 31 workers exposed to ethylene (at
unspecified levels) at a US petrochemical factory. However, due to the limited number of exposed
workers in this study no conclusions regarding ethylene not causing cancer can be drawn.

A study of workers at an US petrochemical plant found that an increased risk of developing brain cancer
was associated with exposure to (unspecified levels of) a number of chemicals including ethylene.
However, the investigators were unconvinced that the association reflected a causal relationship.

4.3    Initial Assessment for Human Health

Assessment from acute and repeated dose toxicity studies
It is assumed that the maximum occupational exposure is 5 mg/m3 and the maximum exposure to the
general population via the environment is 50 mg/m3. The NOEL of 11,500 mg/m3 in the 90 days
inhalation study in rats gives safety margins of 2300 and 2.3.105, which indicates no hazard concern.

Assessment from the reproduction/development toxicity study in rats
No signs of reproductive or development toxicity of ethylene was observed in the inhalation test with rats.
The highest concentration used (5750 mg/m3) is taken as the NOEL and this gives a safety margin of
1150 for occupational exposure and 1.15.105 for general exposure  indicates minimal hazard concern.

Assessment from genetic toxicity and carcinogenicity studies
Ethylene has been shown to be without genetic toxicity in bacterial test in vitro, in mammalian cells in
vitro and in the mouse micronucleus test in vivo. Also a full two years  carcinogenicity study has been
conducted in rats. As all the tests are negative, there is no reason to indicate that ethylene should imply a
high risk of genetic toxicity or carcinogenicity to humans. However, the fact that ethylene is metabolised,
both in humans and experimental animals, to the carcinogenic genotoxicant ethylene oxide is of some
concern.

Assessment from mode of action and mechanism of toxicity
In the case of ethylene, a possible mechanism for a toxic potential in humans has been identified, but few
signs of toxicity have been observed. This is related to the fact that ethylene gives rise only to minute
doses of ethylene oxide. The maximum conversion of ethylene to ethylene oxide in humans is estimated to
4 %, while about 1 % has been measured.

5.   CONCLUSIONS AND RECOMMENDATIONS

5.1    Conclusions

Ethylene is, due to its physical and chemical properties released mainly into the atmospheric
compartment. About three quarters of atmospheric ethylene originates from natural sources, while one
quarter is from anthropogenic sources. The main anthropogenic release is from burning of hydrocarbons
and biomass.

It has been well documented through relevant toxicity studies that the minute amounts measured in water
implies no environmental hazard to the organisms in this compartment.

In the terrestrial compartment, the vegetation has proven highly susceptible to ethylene, probably through
a mechanism related to the hormone function of ethylene in plants. Ethylene levels in urban areas have
reached levels which inhibit growth of certain plant species. This is of concern both for decorative plants
and agriculture in exposed areas. This ethylene is not due to emission of ethylene from ethylene
production, but rather to incomplete burning of coal and petrol products.
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Relevant studies on ethylene have indicated a low toxicity and no risk to human health has been identified
neither from occupational exposure nor exposure of general public, either exposed directly or indirectly
via the environment. Metabolic studies in animals and man have revealed that ethylene is metabolized to
ethylene oxide which is known to have carcinogenic and mutagenic effects. However, IARC has in its
evaluation in 1994 concluded that there is inadequate evidence both in humans and in experimetal
animals for the carcinogenicity of ethylene.

5.2    Recommendations

No further testing of ethylene toxicity is recommended.

It is recommended to do a closer monitoring of the environmental ethylene levels in urban and polluted
regions with respect to its potential intoxication of vegetation, but this goes beyond the OECD HVP
Chemical Programme.

6.    REFERENCES

References are not given in the SIDS initial assessment report. It is referred to those given in the Full
SIDS Dossier.
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SIDS DOSSIER ON ETHYLENE
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Summary of Responses to the OECD Request for
Available Data on HPV Chemicals

SIDS PROFILE

1.01 A CAS NO. 74-85-1

1.01 C CHEMICAL NAME Ethylene

1.01 G STRUCTURAL FORMULA

C C
H

H

H

H
OTHER CHEMICAL

IDENTITY INFORMATION

1.5 QUANTITY Millions metric tonnes per year:
(capacity for 1996)
Norway:   0.4
World:     83.0

1.7 USE PATTERN Chemical industry; as raw material for
synthesis of chemicals, petrochemicals
and resins.
Minor quantities used for fruit ripening
and as anaesthetic gas.

1.9 SOURCES OF EXPOSURE Fuel, coal and gas combustion.
Leakage from chemical industry.
Rural areas:  < 1 - 5 µg/m3

(0.9 - 4.3 ppb)
Heavy traffic areas:
up to 1.0 mg/m3 (0.9 ppm)
Petrochemical plants:
up to 5 mg/m3 (4.3 ppm)

ISSUES FOR
DISCUSSION
(IDENTITY, IF ANY)

No further testing required
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1. GENERAL INFORMATION

A. CAS number:  74-85-1

B. Name (IUPAC):  Ethylene

C. Name (OECD):  Ethylene

F. Molecular formula:  CH2CH2

G. Structural formula:

        

C C
H

H

H

H

H. Substance group: Industrial chemical; as raw material for synthesis of chemicals,
petrochemicals and resins.

J. Molecular Weight: 28.05

1.02 OECD INFORMATION

A. Sponsor Country: Norway

B. Lead Organisation:
Norwegian Pollution Control Authority (SFT),
P.O. Box 8100 Dep.,
N-0032 Oslo
NORWAY

Contact person:
Marit Kopangen

Tel.:  +47 22 573400
Fax.:  +47 22 676706

C. Name of responder:
Noretyl  ANS,
Petrochemical division,
Norsk Hydro ANS,
N-0240 Oslo
NORWAY

1.1 GENERAL SUBSTANCE INFORMATION

A. Type of Substance: Organic, hydrocarbon

B. Physical state  ( at 20 oC and 1.013 hPa): Gaseous

C. Purity:
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1) High purity :  > 99.9 %
2) Commercial purity  :  about 99.9 %

1.2 SYNONYMS

Ethene, acetene, bicarburetted hydrogen, olefiant gas, elayl.

1.3 IMPURITIES

Western Europe product, (ppm range):
Methane + ethane (50-200), propylene and heavier (7-200),  CO2 (2.2-50), H2(0.1-10), O2 (0.6-
10),  acetylene (1.4-10), total sulphur (1-10), water (0.6-20) and CO (0.15-10)   [3].

1.4 ADDITIVES

None known.

1.5 QUANTITY

More than 1,000,000 tonnes per annum.
Capacity for 1996 [2]:
Norway: 405,000 tonnes
World: 83,000,000 tonnes

1.6 LABELLING AND CLASSIFICATION

EEC: Fx, R12 (Extremely flammable).
S 2 (Keep out of reach of children.
S 9 (Keep container in well-ventilated place)
S 16 (Keep away from sources of ignition - No smoking)
S 33 (Take precautionary measures against static discharges)

Norway: F, R13 (Extremely flammable liquid gas)
S 9-16-33

According to IARC Monograph Volume 60, (1994):
Ethylene: The agent is not classifiable as to its carcinogenicity to humans [3].

1.7 USE PATTERN

Ethylene is the petrochemical product produced in largest quantities world-wide. More than 95%
of the annual commercial production of ethylene is currently based on steam cracking of
petroleum hydrocarbons [4].

About 80 % of the ethylene consumed in US, Western Europe and Japan is used for production
of ethylene oxide, ethylene dichloride and low density, linear low density and high density
polyethylene. Significant amounts are also used to make ethylbenzene, alcohols, olefins,
acetaldehyde and vinylacetate. Most of these products are further prosessed into products such as
film, blow and injection moulding, extrusion coating, cable insulation and PVC. Minor quantities
have been used as anaesthetic gas, for fruit ripening and for welding and cutting metals.

A. General
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Type of use: Category:

a) Main Use in closed systems
industrial Chemical Industry: used in synthesis
use Raw material

b) Main Non dispersive use
industrial Agricultural Industry
use As fruit ripener

B. Uses in Consumer Products
Not known

1.8 OCCUPATIONAL EXPOSURE LIMIT VALUE

No exposure limits have been recommended in most countries, but Switzerland established a
time-weighted average occupational exposure limit of 11 500 mg/m3 [3].

1.9 SOURCES OF EXPOSURE

Ethylene is ubiquitous in the environment, arising from both natural and man made sources.
Major sources are as a natural product from vegetation of all types  [5].
The main anthropogenic sources are from combustion of gas, fuel, coal and biomass. Maximal
exposure of ethylene to humans is considered to be through fossil combustion by vehicles. The
total ethylene emission from the global surface has been estimated to be 18-45 .106 t/y, of which
approximately 74% is released from natural sources and 26 % from anthropogenic sources.
Emission from oil combustion is estimated to 1.54 .106 t/y [5]. Ethylene produced and consumed
in chemical industry is kept in closed systems and the production facility is normally next door to
the factory using ethylene as a raw material. Exposure to ethylene from industrial sources are
thus mainly due to uncontrolled leakage or blow outs. Such events occur at a rate of once every
2.0 .106 t/y of produced ethylene and may result in an immediate release of about 1 ton.

1.10 ADDITIONAL REMARKS

A. Option for disposal
Incineration.

B. Other remarks
No data.

2. PHYSICAL-CHEMICAL DATA

2.1 MELTING POINT

-169.15 °C  [4]

2.2 BOILING POINT

-103.71 °C   [4]

2.3 DENSITY
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d = 0.57 g/cm3 at boiling point [4].
Gas density at STP 1.2603 g/l [4].
Density relative to air 0.9686 [4].

2.4 VAPOUR PRESSURE

4.27 MPa at 0 °C  [4].

2.5 PARTITION COEFFICIENT log10Pow

Log10 Pow   = 1.13  (calculated) [6].

2.6 WATER SOLUBILITY

A. Solubility
According to Merck Index, "One volume of ethylene gas dissolves in 4 vol of water at 0°C"  [7].
One volume of ethylene gas dissolves in 9 volumes of water at 25 °C  [8].
Solubility:  131 mg/l  at 20°C [9].
At 15 °C the solubility in water is 200 mg/l [10].

B. pH Value, pKa Value
No data available. There is no chemical evidence to suggest a reaction between dissolved
ethylene and water and pH remains unchanged.

2.7 FLASH POINT

- 136.11 °C  [11].

2.8 AUTO FLAMMABILITY

Autoignition temp:  543°C  [7].
Ignition temp: 425-527°C   [4].

2.9 FLAMMABILITY

Extremely flammable - liquefied gas.

2.10 EXPLOSIVE PROPERTIES

Explosive limits in air (0.1 MPa and 20oC) [4] :
Lower explosive limit (LEL): 2.75 vol %
Upper explosive limit (UEL): 28.6   vol %

2.11 OXIDIZING PROPERTIES

No information

2.12 OXIDATION:REDUCTION POTENTIAL

No information.
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2.13 ADDITIONAL DATA

A. Partition co-efficient between soil/sediment and water (Kd).

No information

B. Other data

Conversion factor for ethylene in air:
1 ppm in air = 1.15 mg/m3 =  912   nl/l [1,4]

Odour threshold:
Odour low:   299 mg/m3

Odour high:  4600 mg/m3  [12]

3. ENVIRONMENTAL FATE AND PATHWAYS

3.1 STABILITY

3.1.1 STABILITY IN AIR

The fate of atmospheric ethylene emitted from natural and anthropogenic sources has been
estimated by Sawada and Totsuka, 1986 [5].  They concluded that 89 % was destroyed in the
troposphere by reaction with OH radical, and 8 % in the reaction with O3. The remaining 3 %
was transported into the stratosphere. The atmospheric lifetime of ethylene was estimated to be
between 2 and 4 days.

Indirect calculation of photodegradation with O3 as a sensibilizer gave a lifetime of 9.4 days
[13]. Using OH as the sensibilizer a lifetime of 2.7 days was calculated [14].

The following lifetimes are according to Howard, P.H. et al (1991) [15]: Handbook of
environmental degradation rates:

Lifetimes:
Air: High: 3.36 days

Low: 0.37 days
This is based upon combined, measured photoxidation rate constants for .OH and O3.  
If the calculation procedures for organic compounds in atmosphere of  Atkinson, R. (1996) [75]
are used the following depletion rates are found:

Lifetimes
Air Due to .OH reaction 1.7 days

Due to O3 reaction 10 days
Due to stratospheric removal 1900 days

Stratospheric removal can be calculated according to IPPC (1995) [76], assuming a similar
removal of ethylene as CO.

3.1.2 STABILITY IN WATER

No data available



OECD SIDS                          ETHYLENE

UNEP Publications
22

3.1.3 STABILITY IN SOIL

No data available

3.2 MONITORING DATA (ENVIRONMENT)

Rudolph and Johnen, [16]  did more than 200 in situ measurements of ethylene and other selected
Light Atmospheric Hydrocarbons during, a cruise from Puerto Madryn (Argentina) to
Bremerhaven (Germany) in 1987. The measuring locations were remote with low biological
activity in the surrounding ocean areas. The ethylene level, expressed as mixing ratio was in the
range 10-30 ppt (12-35 ng/m3) in the southern hemisphere and in the northern hemisphere a
factor of 2 higher. The observed ethylene levels were primarily a result of oceanic emissions and
the differences were indicated to be caused by changes in oceanic phytoplankton concentration.

The oceanic distribution of ethylene and other low molecular weight (LMW) hydrocarbons has
been studied by Swinnerton and Lamontagne, 1974 [17]. They analyzed 452 water samples from
the open ocean and near shore for LMW hydrocarbons and found a baseline (average) ethylene
of: 4.8 nanoliters/litre (6.0 µg/l) . Upper values were:  Mississippi R. Delta ; 35.0 nl/l (44 µg/l)
and Miami  dockside; 30.0 nl/l (38 µg/l).

Fuel, coal and gas combustion.  Leakage from chemical industry.  Rural areas: < 1 - 5 µg/m3,
heavy traffic areas: up to 1.0 mg/m3 [1, 3].

During burning of wood (white pine) an ethylene concentration of about 50 ml/m3 (63 mg/m3

was measured in the smoke [18].

3.3 TRANSPORT AND DISTRIBUTION BETWEEN ENVIRONMENTAL
COMPARTMENTS INCLUDING ESTIMATED ENVIRONMENTAL
CONCENTRATIONS AND DISTRIBUTION PATHWAYS

In their study of the dynamics of atmospheric ethylene, Sawada and Totsuka, [5] estimated  the
following emissons of ethylene (in 106 t/y):

Natural:
Terrestrial 23.3 (65.8 %)
Aquatic   2.9 (  8.2 %)

Sum      26.2      (74.0 %)

Anthropogenic:
Fuel oil combustion 1.5 (4.28 %)
Coal cumbustion 0.42 (1.20 %)
Leakage from Industri 0.03 (0.09 %)
Søppel forbrenning 0.10 (0.29 %)
Biomass burning 7.10 (20.1 %)

Sum      9.19      (26.0 %)

Total Natural + Anthropogenic = 35.4 
.
106 t/y

Atmospheric depletion of ethylene:
Ethylene reacts with OH radical to form an adduct which in the presence of O2 and NOx forms
formaldehyde.  The products of reaction of ethylene with O3 are mostly CO, CO2, H2O and
CH2O. Some ethylene is also transported into the stratosphere [76]. Using the most recent



OECD SIDS                          ETHYLENE

UNEP Publications
23

estimates [75] of  the depletion rates (lifetime) of ethylene in the atmosphere due to these
prosesses give:

:
lifetime (days)

Reaction with .OH radical 1.7
Reaction with O3 10
into the stratosphere 1900
total lifetime in atmosphere 1.45

Ethylene sinks (removal capacity, 106 tons/y):
Reaction with .OH radical 44.4 (85.4%)
Reaction with O3  7.5 ( 14.5 %)
Into stratosphere  0.036 ( 0.07 %)

Sum      52.0

The ethylene transported into the stratosphere will eventually react with O3 with the production
of a krüger molecule, which again may react with NO regenerating O3. ethylene is therefore not
suspected of being a potential ozone depletor.

3.3.1 TRANSPORT

Physical properties of ethylene indicate that it will rapidly move into the atmosphere from any
type of release.

3.3.2 THEORETICAL DISTRIBUTION (FUGACITY CALCULATION)

A fugacity level I calculation, using a six compartment model (air, water, soil solids, sedimented
solids, suspended sediments and fish) was conducted using the global reference model of OECD
[19]. Default values for the environmental parameters were not changed. Entered generic
parameters were: melting point - 169.15 oC, vapour pressure 4.27 MPa, water solubility 200
g/m3, log10POW  1.13, half-life in air 56 hours, half-life in water, soil and  sediment 672 hours.
This gave the following distribution:

in air 99.99915 %,
in water 8.27.10-4 %,
in soil solids 9.88.10-6 %
in sedimented solids 2.20. 10-7 %.
in suspended sediments 6.87. 10-9 %
in fish 5.58.10-10 %

This means that for all practical purposes, emitted ethylene is distributed to air only.

3.4 IDENTIFICATION OF MAIN MODE OF DEGRADABILITY IN ACTUAL USE

See 3.3

3.5 BIODEGRADATION

Also a number of research orientated studies were designed to examine the
oxidation/hydroxylation and epoxidation of various hydrocarbons by microorganisms isolated
from soil, fresh water systems or other natural systems and pure cultures. Generally, results of
these studies show that ethylene is subject to biodegradation by various microorganisms and that
ethylene oxide and ethylene glycol are most likely initial degradation products [21].
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Aqueous biodegradation rates have been estimated both for aerobic and anaerobic conditions
[15]:

Aerobic half-life: High: 672 hours
Low:   24 hours

Anaerobic half life: High: 2688 hours
Low:     96 hours

3.6 BOD5, COD OR RATIO BOD5/COD

No data available

3.7 BIOACCUMULATION

Ethylene is not expected to bioaccumulate because of Log10 Pow = 1.13.
BCF (Bioconcentration factor) is calculated (QSAR) to be 4 on the basis of the toxic action of
nonpolar molecules in the freshwater fish Fathead minnow (pimephales promelas), exposure
duration 2.00 - 304 days [22].

3.8 ADDITIONAL REMARKS

No data.

4.          ECOTOXICOLOGICAL DATA

4.1       ACUTE TOXICITY TO FISH

Little is known about the acute toxicity of ethylene to fish, but the "Water Quality Criteria,
California State Water Resources Control Board, 1963" [23] refers to two reports of toxicity of
ethylene to Orange-spotted sunfish from 1917 [24] and 1921 [25]. The findings were the
following:

Lethal conc after 1 hour   : 22 - 25 mg/l   [24]
Lethal conc after > 1 hour : 22 - 65 mg/l   [25]

Calculated (QSAR) values reported in the database Ecotoxicity Profile database  [26]:
Fathead minnow (Pimephales promelas) 4 days LC50  116 mg/l
Bluegill, (Lepomis macrochirus)  4 days LC50  85 mg/l
Channel catfish, (Ictalurus punctatus)   4 days LC50  50 mg/l
Rainbow trout, Donaldson trout,
(Onchorhynchus mykiss) 4 days LC50   55 mg/l

 
Calculated (QSAR) values reported by Leeuwen et. al. [27]:
Fathead minnow (Pimephales promelas) 4 days LC50  120 mg/l

4.2 ACUTE TOXICITY TO AQUATIC INVERTEBRATES

A. Daphnia
Calculated (QSAR) value reported in the database Ecotoxicity Profile [26]:

Water flea, (Daphnia magna) 48 hours LC50   53 mg/l
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Calculated (QSAR) value according to Leeuwen et. al. [27]:
Daphnid 48 hours LC50   153 mg/l

B. Other aquatic organisms
No data available.

4.3 TOXICITY TO ALGAE

A growth inhibition test with Selenastrum capricornutum was performed according to OECD
201 and conducted according to GLP guidelines in 1996 [74]. The 5 nominal test concentrations
in the growth medium ranged from 8.2 to 131 mg/l. During the 72 hr exposure period there was a
loss of ethylene, however the mean measured ethylene concentrations (mean of zero time and 72
h measurement) were used for calculation of growth inhibition. Actual test concentrations (mean)
were therfore: 3.3, 7.8, 13.9, 32 and 58mg/l. Loss of ethylene during the 72 hr incubation period
ranged from  64 to 91 %. EC50 for the growth inhibition based on reduction in biomass compared
to control, was calculated to be 40 mg/l (95 % conf. lim.36-46 mg/l). Based on the specific
growth rate (µ), the 0 - 72 hr EC50 was calculated to be 72 mg/l (95 % conf. lim. could not be
calculated due to that the EC50 value was outside the range of the test). The highest NOEC was
13.9 mg/l. The results agree fairly well with QSAR calculation for Selenastrum capricornutum
which gave an EC50 after 48 hour value of  122.5 mg/l  [27].

4.4 TOXICITY TO BACTERIA

E.coli bacteria were treated with ethylene by passing the gas through a bacterial suspension at
constant rate for 10 minutes. After 24 hours exposure, the suspensions were plated on agar
medium and incubated for 24 hours at 37 °C. Survival of colonies from gas treated cells was 79 ±
1.3 % of controls. The survival of the E. coli Sd-4 strain after the same treatment was 84.2 ± 1.6
% compared to controls. It was concluded that treatment seemed to have little if any effect on the
survival of both bacteria strains  [28].

4.5 CHRONIC TOXICITY TO AQUATIC ORGANISMS

4.5.1 CHRONIC TOXICITY TO FISH

Calculated (QSAR) value reported in the database Ecotoxicity Profile  [26]:
Fathead minnow, (Pimephales promelas)   32 days MATC 15.3 mg/l

Calculated (QSAR) value according to Leeuwen et. al. [27]:
Fathead minnow, (Pimephales promelas) 28 days NOEC  13 mg/l

4.5.2 CHRONIC TOXICITY TO AQUATIC INVERTEBRATES

Calculated (QSAR) value according to Leeuwen et. al. [27]:
Daphnia 16 days NOEC  37.4 mg/l

4.6 TOXICITY TO TERRESTRIAL ORGANISMS

4.6.1 TOXICITY TO SOIL DWELLING ORGANISMS

No data available
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4.6.2 TOXICITY TO TERRESTRIAL PLANTS

A large and diverse literature exists on the effects of ethylene on vascular plants, including
several hundred observations of ethylene exposure and effects. This is mainly due to the fact that
ethylene acts as a plant hormone, regulating a whole range of different reactions. Most of these
reactions can be categorised as growth regulation and include such effects as defloration,
ripening, inhibition of elongation, leaf loss and senescence [9,11, 29, 30, 31, 32]. While most of
these effects are non  reversible, they do not all constitute effects that reduce a plants fitness nor
growth and reproduction. One may categorise the effects into 3 groups based on assumed long
term effects, where long term effects are associated with reduced fitness, growth or reproduction.
In the table below exotic and tropical plants have been excluded in order to present data that give
a more realistic view of risks associated with exposure in industrial areas.

Summary table of effects of ethylene exposure to vascular plants. Exotic and tropical plants
are not included. Epinasty=leaf curling, Abcission=loss
Effects exposure

time
concentration
µg. m-3

Ref

1) None or small long term effects:
Epinasty, Lemon 25-50 [77]
Epinasty, tomato 3-4 h 46 [9]
Epinasty, Chenopodium 60 [9]
Epinasty, Potato 16 h 60 [9]

2) Effects that may cause long term effects
Inhib growth, sweet pea, (NOEC) 2 d 12 [77]
Abscission flower, Carnation  2d 58 [77]
Inhibition of photosynth. Pea (NOEL) 2 h 115 [77]
Abscission flower, Snapdragon 1h 575 [33]

3) Long term effects:
Decreased amount flowers, Oats 100d 8 [77]
Growth inhibition, Potato 28 d 27 [77]
Yield reduction, Tomato 28 d 50 [77]
Growth retardation, Pea 116 [9]
Yield reduction, Garden cress (30 %) 14 d 115 [77]
Yield reduction, Cotton 30 d 700 [9]

Among the more sensitive agricultural or horticultural crops are peas, potatoes, tomatoes and
oats where retardation effects were observed at concentrations in the range 8-50 µg/m3 (7-40
ppb) .  The most susceptible non-woody plant reported, African marigold reacts with leaf
epinasty (downward curling of leaves at 1.16 µg/m3 (1.0 ppb) ethylene [9], the Cattleya orchid,
reacts with sepal tissue collapse (loss of flower) at 2.3 µg/m3 (2.0 ppb) after ethylene exposure for
24 hours  [33].

4.6.3 TOXICITY TO OTHER NON MAMMALIAN TERRESTRIAL SPECIES
(INCLUDING AVIAN)
No data

4.7 BIOLOGICAL EFFECTS MONITORING (INCLUDING BIOMAGNIFICATION)

No data

4.8 BIOTRANSFORMATION AND KINETICS IN ENVIRONMENTAL SPECIES
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No data

4.9 ADDITIONAL REMARKS

No data

5.       TOXICITY

5.1.       ACUTE TOXICITY

5.1.1     ACUTE ORAL TOXICITY:

Not relevant. Ethylene is a gas with a low boiling point (-103.71 °C).

5.1.2 ACUTE INHALATION TOXICITY

The acute toxicity of ethylene is low, but very high concentrations may cause asphyxia due to
oxygen displacement. The lethal ethylene concentration in air to mice is thus estimated to be
950,000 ppm. [34].

When male rats were exposed to 10, 25 or 57.103 ppm for 4 hours, all groups showed increased
serum pyruvate and liver weight [35]. Non of the studies were GLP.

5.1.3 ACUTE DERMAL TOXICITY

Not relevant. Very little ethylene is likely to be absorbed through the skin because of ethylene's
low solubility in fat and low boiling point.

5.1.4 ACUTE TOXICITY, OTHER ROUTES OF ADMINISTRATION

No information

5.2 CORROSIVENESS/IRRITATION

5.2.1 SKIN IRRITATION/CORROSION

There is no evidence to suggest that the liquid ethylene gas is irritant, but it might cause frost
injuries.

5.2.2 EYE IRRITATION

There is no evidence to suggest that the liquid ethylene gas is irritant, but it might cause frost
injuries.

5.3 SKIN SENSITISATION

No data.

5.4 REPEATED DOSE TOXICITY

The toxicity of ethylene has been tested in a 90 days inhalation study on 4 exposed and one
control  groups of 30 rats (15 males, 15 females)  [36]. The animals were exposed 6 hours/day 5
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days/week for 13 weeks. The exposure groups were  T-I: 300 ppm, T-II: 1,000 ppm, T-III: 3,000
ppm and T-IV: 10,000 ppm. The study was not conducted according GLP, but the study held
high scientific standard and a quality assurance statement was issued. There were no differences
between controls and treated rats with respect to total weights, weight change, food consumption,
haematology, clinical chemistry, gross pathology or histopathology. Male rats in the control, T-I
and T-IV groups showed red deposits or red discharge around the nose, whereas the male T-II
had red deposits around the eyes. Amongst the female rats, a red deposit was observed around
left eye of one T-I rat and alopecia around both ears of one T-II rat. Compared with the controls,
the liver weights in several groups of exposed rats were significantly lower. There was, however,
no dose response relationship for this weight reduction and the cause was unknown. Ethylene
was not toxic to rats when administered under a stratified regimen of exposure up to 10,000
ppm.

In an explorative non-GLP study, where a group of six male Sprague-Dawley albino rats (50-60
g) were exposed to a continuous flow of 60% ethylene in oxygen as inhalation for 6 days, effects
could be seen on several haematology parameters [37]. There were significant reductions in
thrombocyte count (-19.3%) and leukocyte count (-48.2%). A reduction was also seen in the
bone marrow cellularity  (-30%).

During chronic tests on rats (newborn) exposed to a concentration of 2.62 ppm (continuous as
inhalation) for 90 days, a delay in coat appearance, dentition, eye opening and circulation
hypotension, cholinesterase activity inhibition, subordination disruption were reported [38].
There were no information on the quality of the study.

In rats treated by inhalation with a concentration of 100 ppm for 70 days, a change in the reflex
nerve impulses, a decrease of cholinesterase activity and a reduction of the blood pressure were
observed [39].  There were no information on the quality of the study.

5.5 GENETIC TOXICITY IN VITRO

A. Bacterial test
Ethylene at atmospheric concentrations up to 20 % gave no indication of mutagenic potential in
Salmonella typhimurium in the presence or absence of a metabolic activation system (Ames test)
[40]. The study was not conducted according to GLP, and only one (TA 100) of the four
bacterial test strains recommended in the guidelines was tested. Previous testing with the full
range of Salmonella strains in the presence and absence of a metabolic activation system have
also given negative results [41, 42]. Ethylene showed no gentoxic activity in Escherichia coli.
[28].

B. Non-bacterial in vitro test
The effect of ethylene on chromosomes was tested in an in vitro cytogenetics assay using
duplicate cultures of CHO cells [71]. The methodology in this study complies with GLP and the
OECD Test Guideline 473, "Genetic Toxicology: In vitro Mammalian Cytogenetic Test".
Treatments covering a broad range of doses, separated by narrow intervals, were performed both
in the absence and presence of metabolic activation (S9) from Aroclor 1254 induced rats. The
highest dose level used, approximately 280.5 mg/ml, was equivalent to a concentration of 10
mM, corresponding to about 25 % of ethylene.

Due to the explosive properties of the test article when mixed with air, it was not possible to
achieve the maximum concentration required by the Regulatory Guidelines using air as carrier
gas. Nitrogen was therefore used as carrier gas, which allowed higher doses to be achieved.
There are, however, technical problems associated with continuous treatment in a nitrogen
atmosphere, and short (3 hour) pulse treatments were the only practical option.
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A preliminary range-finding study was performed to investigate the toxic effects of ethylene on
CHO cells. In this trial, treatment in the absence and presence of S9 lasted for 3 hours only
followed by a 17 hours recovery period prior to harvest (3+17). The dose levels for the main
study were selected by evaluating the effect of ethylene on mitotic index.

The treatment regimes used in the range-finder were repeated in the main study. Chromosomal
aberrations were analyzed at three consecutive dose levels. No mitotic inhibition (reduction in
mitotic index) was observed at the highest concentration chosen for analysis (280.5 µg/ml) in
either the absence or presence of S9.

Appropriate negative (carrier gas) controls were included in the test system in both experiments
under each treatment condition. Untreated controls were also included in the main study. The
proportion of cells with structural aberrations in the negative and untreated cultures fell within
historical solvent control ranges. 4-Nitroquinoline 1-oxide and cyclophosphamide were employed
as positive controls in the absence and presence of liver S9 respectively. Cells receiving these
were sampled in the main study, 20 hours after the start of treatment; both compounds induced
statistically significant increases in the proportion of cells with structural aberrations.

Treatment of cultures with ethylene in the absence and presence of S9 resulted in frequencies of
cells with structural aberrations that were similar to, and not significantly different from, those
seen in concurrent negative controls. Frequencies seen in treated cultures fell within the normal
range.

It is concluded that ethylene did not induce chromosome aberrations in cultured Chinese hamster
ovary cells exposed to a concentration of 10 mM (25 %) in the absence and presence of S9.

5.6 GENETIC TOXICITY IN VIVO IN VIVO

The effects on micronucleus formation in bone marrow cells of rats and mice have been studied
following ethylene inhalation [43]. Each group consisted of 10 animals of each of the two species
and they were dosed with concentrations of 0; 40; 1,000 and 3,000 ppm for 6 hours/ day, 5 days
a week for 4 weeks. An ethylene oxide control group with both species was exposed using the
same conditions at a concentration of 200 ppm. Bone marrow was collected approximately 24
hours after the final exposure. Ethylene did not produce, statistically significant, exposure related
increases in the frequencies of micronucleated polychromatic erythrocytes in the bone marrow of
either rats or mice, while ethylene oxide exposure resulted in signifcant increases in the
frequencies in both species. It is not stated if the study was conducted according to GLP.

Absorption, distribution, elimination of ethylene and formation of haemoglobin and DNA
adducts  were studied in rats after inhalation of 300 ppm ethylene for 12 hours/day for 3
consecutive days [44]. DNA adduct formation was measured in liver and lymphocytes and
haemoglobin adducts determined in erythrocytes. The adduct formation with ethylene was
compared to other alkenes and adduct formation decreased with increasing number of carbon
atoms in the molecule. This was an explorative study not conducted according to GLP.

Alkylation of 7-guanine was measured in DNA from liver spleen and testis of mice 14 hours
after exposure by inhalation of 14C-ethylene at an initial concentration of 11 ppm for 8 hours
[45]. The degree of alkylation was much higher in the liver than in the other tissues. This study
was an explorative non-GLP study.

5.7 CARCINOGENICITY
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The potential carcinogenicity of ethylene has been tested in a two years study with rats (Fischer -
344 inbred) [46]. The study was conducted prior to OECD Guideline 451 for carcinogenicity
testing (1981), but still the study comply with this guideline except for some minor points. In the
study, 960 rats were randomly divided into 4 groups of 120 animals of each sex and exposed 6
hr/day, 5 days/week to 0(control); 300; 1,000 and 3,000 ppm for up to 24 months.

During the course of the study there were observations of hair loss, deposits on and around the
nose and eyes and gross eye abnormalities, but there were no obvious differences among the
different treatment groups.

There was an overall increase in the number of animals exhibiting gross tissue masses for the test
groups as compared with the control group, although this trend was not statistically significant.
The spontaneous mortality (15.7 %) was roughly equal in all treated groups. The final body
weights and total weight changes for treated males were higher than those in the control groups,
but no dose-related pattern was seen.

There were no statistically significant differences among any of the treatment groups on any of
the haematology, blood chemistry or other parameters investigated.

No gross or histopathologic tissue changes attributable to the effects of the test material were
observed in any of the treated rats. The summary reports only few findings which could indicate
any carcinogenic effect of the treatment, but lacks a conclusion at this point.

In a publication from the carcinogenicity study [41], it was concluded that the results provided
"no evidence that ethylene at these concentrations causes chronic toxicity or is oncogenic in
Fischer - 344 rats". However, this publication and the summary have later been criticised [47]
since they do not discuss the mononuclear cell leukaemia described in the full report. It was
claimed that the number of animals affected (out of 90) rose from 12 and 8 in the male and
female control groups to 21 and 11, respectively in the groups receiving 3,000 ppm. On the other
hand, it has been stated that mononuclear cell leukemia may occur in F344 rats at a background
incidence > 75 %, and that a further increase in exposed animals is difficult to interpret with
respect to human cancer development.

When the carcinogenic risk of ethylene was evaluated by the International Agency for Research
on Cancer (IARC)  in 1979 [1],  no data were available to the working group on the
carcinogenicity or mutagenicity of the substance in animals and humans. In supplement 7
published in 1987 [48] it is still summarised that no adequate data were available and ethylene is
stated to be not classifiable as to its carcinogenicity to humans.  The latest evaluation of ethylene
by the IARC working group (1994) concludes that there is inadequate evidence in humans and in
experimental animals for the carcinogenicity of ethylene [3]. Overall, ethylene was evaluated as
not being classifiable as to its carcinogenicity to humans.
In the Ecotoxicity Profile database  it is stated to be no information in the QSAR system which
would suggest that this chemical is a potential carcinogen or mutagen [26].

In another recent evaluation of ethylene as a cancer risk factor it was concluded that it was a risk
factor of concern [49]. This conclusion was based on the observed metabolism of ethylene to
ethylene oxide, a compound which has been shown to be both mutagenic and carcinogenic. The
linearity hypothesis for dose response relationship can not be applied in this case, since there is a
saturation of the metabolism of ethylene. The findings from administration of high doses to
animals can thus not be extrapolated to the human exposure level.

The carcinogenic potential of ethylene has also been reviewed in the BIBRA Bulletin [50]. This
review concludes also on the basis of metabolic production of ethylene oxide that it is timely with
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a detailed reconsideration of the possible carcinogenic risks of inhaling ethylene. The evaluation
also calls for re-evaluation of the need for a specific industrial limit of ethylene.

5.8 TOXICITY TO REPRODUCTION

The potential effects of ethylene inhalation on male and female rat reproduction and on growth
and development of the offspring has been studied [70]. The experimental study was carried out
according to GLP (OECD Guideline 421;  Reproduction/Development Toxicity Screening Test).

Four groups of rats (10 females and 10 males per group) were dosed by head only inhalation for
6 hours daily; air only (control); 200; 1,000 or 5,000 ppm  of ethylene (corresponding to 0; 230;
1,150 or 5,750 mg/m3). This dosing regime was calculated to give about 80; 400 and 2,000
mg/kg/day of ethylene for the three dosed groups respectively. Since the uptake from the lungs
most likely is in the range of 5-10  % , the absorbed dose probably was substantially less than the
figures given above.

The test material was administered to parent animals for two weeks prior to mating, during the
mating period and until the day prior to necropsy for the males (minimum 28 days) and until day
20 of gestation for the females. The females were allowed to litter and rear their offspring to day
4 post-partum, when they and their offspring were killed.

Morbidity, mortality, clinical condition, weight and food intake were observed throughout the
study, and mating was carefully observed. For each female, litter data and also observations for
each offspring were recorded. At termination of the study, all animals were subject to
macroscopic examination for structural or pathological changes. Ovaries, testes and
epididymides of the control and high dose animals were subject to a histopathological
examination.

There were no deaths attributable to the test article, and body weight gain was not adversely
affected during the pre-pairing, gestation or lactation periods. The treatment had no effect on
fertility or fecundity and all females became pregnant. Litter size, sex ratio, mean pup weight and
pup growth and clinical condition were not adversely affected by treatment.

Necropsy revealed no macroscopic finding suggestive of toxicity due to test article
administration. There was no evidence of any toxic effect on the testis due to test substance
administration and there were no other microscopic findings suggestive of toxicity due to test
article administration.

In conclusion, head-only administration of ethylene at nominal concentrations of 200; 1,000 or
5,000 ppm was without evidence of toxicity or adverse effects on male and female reproductive
performance, fertility, pregnancy, maternal and suckling behaviour and growth and development
of the offspring from conception to Day 4 post-partum.

5.9 DEVELOPMENTAL TOXICITY/TERATOGENICITY

It is referred to the experimental study [70] carried out according to the OECD Guideline 421;
Reproduction/Development Toxicity Screening Test. The study is summarised under point 5.8
above.

5.10 OTHER RELEVANT INFORMATION

A. Specific toxicities (neurotoxicity, immunotoxicity etc.)
No data
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B. Toxicodynamics, toxico-kinetics
Cowles, A.L. et al [51], studied the uptake and distribution of four inhalation anaesthetics in
dogs. In a series of 21 experiments, 13 large mongrel dogs were ventilated with a constant
concentration of ethylene (1.4 % = 12 g/m3) and three other inhalation anaesthetics.
Concentrations of the anaesthetic were measured by gas chromatography in alveolar gas, arterial
blood, brain, muscle and central venous blood. The average times necessary for the partial
pressure of ethylene to reach 50 % of the inspired partial pressure (1.4 %) were: alveolar gas,
<2.0 min; arterial blood, <2.0 min; brain, 3.7 min; muscle, 8.2 min and central venous, 5.2 min.

Biotransformation of ethylene to ethylene oxide
Ehrenberg et. al, 1977 [52] showed that 14C-labelled ethylene was metabolized to ethylene oxide
when administered to male CBA mice by inhalation. This metabolism is of significant concern
since ethylene oxide is a potent alkylating agent, a carcinogen and a gentoxicant, and hence more
toxic than ethylene. The amount of epoxide formed was quantitatively determined from the
degree of alkylation of cysteine and histidine residues in haemoglobin.

In a later study from the same laboratory [45], it was shown that ethylene oxide alkylated
nucleophilic sites of mouse DNA. Since the ratio between the degree of alkylation of DNA and
that of haemoglobin was the same when exposed to ethylene and ethylene oxide, it was concluded
that the latter was the reactive intermediate formed from ethylene in vivo. A comparison of the
degrees of alkylation obtained per unit exposure of ethylene oxide and ethylene, showed that at
low levels of ethylene, about 8% of the inhaled amount was metabolized to ethylene oxide. The
rate of ethylene oxidation followed saturation kinetics with increasing ethylene concentration. At
218 ppm ethylene, the oxidation rate was half of the maximal rate (Km value). It was estimated
that the maximal rate of metabolism (Vmax) of ethylene corresponds to exposure to an air level of
4 ppm of ethylene oxide.

After exposing rats to automotive engine exhaust, Törnqvist et. al., 1988 [53] identified alkylated
amino acids in haemoglobin. These resulted from conversion of about 5-10 % of inhaled ethylene
and propylene to their respective epoxides which again alkylated the nucleophilic sites in
haemoglobin. This quantification of the fraction of ethylene to be oxidised form agreed very well
with the conversion factor of around 8 % found for the mouse in the above mentioned study [45].

Results from Törnqvist and Ehrenberg in 1990, estimate that in humans, some 6 % of inhaled
ethylene in mainstream smoke is converted to ethylene oxide in smokers [54] and some 3 % in
non-smokers [55].

Metabolic conversion of ethylene to ethylene oxide results in the formation of adducts to DNA
and proteins, and this offers a means for identifying ethylene exposure in vivo. Determination of
haemoglobin adducts using the N-alkyl Edman method has proven valuable [53]. This method
has been used for monitoring adduct formation after ethylene exposure from different sources
[49].

Toxicity of ethylene oxide
Ethylene oxide causes dose-related increases in the incidence of gliomas, peritoneal
mesotheliomas and mononuclear cell leukemias in F 344 rats and lymphomas and
adenomas/adenocarcinomas of the lung, uterus, harderian gland and mammary gland in B6C3F1
mice (for a review see Walker et. al., 1990 [56]).

Epidemiologic data on ethylene oxide support the anticipation that ethylene oxide is a
carcinogenic agent. When mortality and incidence of cancer in totally 733 workers exposed to
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ethylene oxide were assessed, 8 cases of leukaemia and 6 cases of stomach cancer occurred,
while the expected numbers were 0.8 and 0.65 respectively [57].

In vivo as well as in vitro, ethylene oxide is seen to react both with amino acid residues in
proteins and with the purine bases in DNA. When mouse, human or rat erythrocytes were
exposed to ethylene oxide, the main reaction products with haemoglobin were 2-
hydroxyethylations of cysteines, N-terminal valine, imidazole nitrogens of histidines and
carboxylic groups [58].  The main reaction product after reaction with calf thymus DNA was N-
7-(2-hydroxyethyl) guanine, whereas O-6-(2-hydroxyethyl)guanine was only about 0.5 % of this.
Species differences were also observed, as rat and mouse erythrocytes were more susceptible to
alkylation than the human erythrocytes.

The alkylation of DNA-bases with ethylene oxide has been studied further after exposure of rats
to ethylene oxide by inhalation [59, 56, 60]. The main alkylation site both in vivo and in vitro is
the N-7 position in guanine, resulting in 7-(2-hydroxyethyl) guanine, and this modification is
probably the reason for its carcinogenic and mutagenic effects.

The IARC working group evaluated ethylene oxide in 1994 and came to the overall conclusion
that it was carcinogenic to humans [61]. This was mainly based on the evidence for
carcinogenicity from experimental studies in animals.

Effects of PCB-pre-treatment on ethylene toxicity and biotransformation
It has been demonstrated that ethylene, as well as halogenated ethylenes are acute hepatotoxic in
rats pretreated with polychlorinated biphenyl (PCB) [62]. The hepatotoxicity was evident as
increased serum alanine-α-ketoglutarate transaminase (SAKT) and sorbitol dehydrogenase
(SDH) in rats pretreated with PCB and exposed to 20,000 ppm ethylene for 4 hours. Without
pretreatment with PCB, ethylene and halogenated ethylenes are not acute toxic. From these
findings it was suggested that the acute toxicity was mediated through epoxide intermediates
formed by hepatic mixed function oxidases induced by the PCB pre-treatment.

When rats were exposed to ethylene in a closed desiccator jar chamber, the rate of metabolic
elimination of the compound is influenced by pretreatment with PCB (single dose of Aroclor
1254, 500 mg/kg in oil 6 days prior to the experiment) [63]. Biotransformation of ethylene lead
to ethylene oxide which was exhaled.

The effects of  PCB pre-treatment and high exposure levels of ethylene, due to induction of
mono-oxygenases and increased formation of ethylene oxide, demonstrates that the toxicity of
ethylene is of concern for organisms also exposed to mono-oxygenase inducers. However, it
should be kept in mind that the concentrations used are far above actual exposure levels.

5.11 EXPERIENCE WITH HUMAN EXPOSURE

Ethylene was in general use as an anaesthetic for many years. It has been replaced by more
modern anaesthetics, mostly due to the high explosion risk.  Chronic injury in humans resulting
from prolonged and repeated exposure to low concentrations of ethylene (less than 2.5 %) was
not reported in "Patty's Industrial Hygiene and Toxicology (1981)" [11].

Inhalation pharmacokinetics
The inhalation of ethylene was investigated in human volunteers at atmospheric concentrations of
up to 50 ppm. The uptake, exhalation and metabolism could be described by first-order kinetics
[64]. The clearance due to uptake was low, only 5.6 %, while the rest was exhaled without
entering the blood stream. Clearance due to metabolism was 36 % of systemic available ethylene.
The biological half-life of ethylene was 0.65 hours. The alveolar retention of ethylene at steady
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state was calculated to be 2 %. The low uptake rate of ethylene was considered due to its low
solubility in blood.

Reproduction effects
In a preliminary study, the miscarriage rate (six out of 15 pregnancies) amongst Swedish women
who had worked in the local petrochemical industry was higher than that seen in 1549 women
outside the industry. Ethylene was the main product in four of the five local petrochemical plants.
No data were provided on occupational levels but measurements made in areas surrounding the
plants indicated that ethylene was present in concentrations up to tenfold higher than the other
pollutants (propylene, ethane, propane and phenol) [65].

A brief abstract notes that there was a higher than expected rate of miscarriage and
gynaecological disease among female operatives of a polyethylene plant who were exposed to
ethylene concentrations in the range of about 40-60 ppm and high levels of noise [66].

Carcinogenicity
A preliminary study found no increase in lung cancer incidence in 31 workers exposed to
ethylene (at unspecified levels) at a US petrochemical factory [67].

A study of workers at an US petrochemical plant found that an increased risk of developing brain
cancer was associated with exposure to (unspecified levels of) a number of chemicals including
ethylene. However, the investigators were unconvinced that the association reflected a casual
relationship [68].

Work Place Exposure
Personal and stationary monitoring of ethylene in a company where this gas was used for
controlling the ripening of bananas showed air concentrations to be in the range of 0.02-3.35
ppm (0.02 - 3.85 mg/m3), with an estimated average concentration of 0.3 ppm (0.35 mg/m3). In a
study on exposure of fire-fighters, samples taken during the "knockdown" phase of a fire showed
a concentration of 46 ppm (53 mg/m3) ethylene, while none was detected during the "overhaul"
phase [3]

A study was carried out among workers at a Swedish petrochemical plant using measurements of
haemoglobin adducts formed from ethylene oxide for monitoring of ethylene exposure [69]. The
study was carried out in two parts, part one in 1989 and part two in 1993. Eight workers
exposed to high levels of ethylene ( 4 mg/m3) and 3 workers exposed to low levels (0.1 -0.3
mg/m3) were compared to nine controls exposed to 0.01 mg/m3. All exposed workers showed
elevated levels of haemoglobin adducts and adduct formation was dose-related. The results
indicated that about 1 % of the inhaled ethylene was metabolized to ethylene oxide.

The second part of the study, which included four workers, was designed to more accurately
determine the exposure levels, which turned out to have a mean of 4.5 mg/m3. The results
confirmed part one, showing that about 1 % of inhaled ethylene was metabolized to ethylene
oxide and the maximum fraction to be converted was estimated to be 4 %.

The peak level of ethylene reported for human exposure is about 50 ppm ( 57.5 mg/m3 ), while
3.5 ppm ( 4.0 mg/m3 ) has been characterized as a high average level for longer term exposure.
The conversion  will then correspond to maximum 2 ppm (3.6 mg/m3) of ethylene oxide for the
peak level and to maximum 0.14 ppm (0.25 mg/m3) for the high averaged level. Given
occupational exposure limit levels for ethylene oxide (time-weighted averages) are 1.8 mg/m3

(Denmark, Japan, USA, Norway) and 2.0 mg/m3 (France, Canada, Sweden) [3].
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EXTRACT FROM IRPTC LEGAL FILE



OECD SIDS                          ETHYLENE

UNEP Publications
41

File: 17.01 LEGAL   rn : 300046

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : CAN                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | AIR   |    OCC      |   TLV    |
      --------------------------------
     Appendix E - simple asphyxiant. Prescribed by the Canada Occupational
     Safety and Health Regulations, under the Canada Labour Code
     (administered by the Department of Employment and Immigration). The
     regulations state that no employee shall be exposed to a concentration
     of an airborne chemical agent in excess of the value for that chemical
     agent adopted by ACGIH (American Conference of Governmental Industrial
     Hygienists) in its publication entitled: "Threshold Limit Value and
     Biological Exposure Indices for 1985-86". The regulations also state
     that the employer shall, where a person is about to enter a confined
     space, appoint a qualified person to verify by means of tests that the
     concentration of any chemical agent or combination of chemical agents
     will not result in the exposure of the person to a concentration in
     excess of the value indicated above. These regulations prescribe
     standards whose enforcement will provide a safe and healthy workplace.
     entry date: OCT 1994                          effective date: 24MCH1994

     amendment: CAGAAK, CANADA GAZETTE PART II, 128 , 7 , 1513 , 1994

                                     *******

File: 17.01 LEGAL   rn : 301890

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : CAN                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |             |   CLASS  |
     | LABEL |             |   RQR    |
     | PACK  |             |          |
      --------------------------------
     Applies to ethylene or ethylene, compressed. Schedule II, List II -

Dangerous Goods other than Explosives: PIN (Product Identification
No.):

     UN1962. Class (2.1): Flammable gas. Special provisions: 102. Passenger
     Vehicles: Prohibited. Passenger Ship: Prohibited. Prescribed by the
     Transportation of Dangerous Goods Regulations, under the Transportation
     of Dangerous Goods Act (administered by the Department of Transport).
     The act and regulations are intended to promote safety in the
     transportation of dangerous goods in Canada, as well as provide
     comprehensive regulations applicable to all modes of transport accross
     Canada. These are based on United Nations recommendations. The act and
     regulations should be consulted for details. Information is entered
     under the proper shipping name found in the regulations; this may
     include general groups of chemical substances.
     entry date: OCT 1994                          effective date: 02DEC1993

     amendment: CAGAAK, CANADA GAZETTE PART II, 127 , 25 , 4056 , 1993



OECD SIDS                          ETHYLENE

UNEP Publications
42

                                     *******
File: 17.01 LEGAL   rn : 301891

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : CAN                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |             |   CLASS  |
     | LABEL |             |   RQR    |
     | PACK  |             |          |
      --------------------------------
     Applies to ethylene, refrigerated liquid. Schedule II, List II -

Dangerous Goods other than Explosives: PIN (Product Identification
No.):UN1038. Class (2.1): Flammable gas. Special provisions: 102.
Consumer Commodity: Prohibited. Limited Quantity: Prohibited.
Passenger Vehicles:Prohibited. Passenger Ship: Prohibited. Prescribed
by the Transportation of Dangerous Goods Regulations, under the
Transportation of Dangerous Goods Act (administered by the Department
of Transport). The act and regulations are intended to promote safety
in the transportation of dangerous goods in Canada, as well as provide
comprehensive regulations applicable to all modes of transport accross
Canada. These are based on United Nations recommendations. The act and
regulations should be consulted for details. Information is entered
under the proper shipping name found in the regulations; this may
include general groups of chemical substances.

     entry date: OCT 1994                          effective date: 02DEC1993

     amendment: CAGAAK, CANADA GAZETTE PART II, 127 , 25 , 4056 , 1993

                                     *******

File: 17.01 LEGAL   rn : 305377

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : CAN                 type          : REG

--------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |             |   CLASS  |
     | LABEL |             |   RQR    |
     | PACK  |             |          |
      --------------------------------
     Applies to ethylene, acetylene and propylene in mixtures, refrigerated
     liquid. Schedule II, List II - Dangerous Goods other than Explosives:
     PIN (Product Identification No.): UN3138. Class (P): Prohibited.
     Prescribed by the Transportation of Dangerous Goods Regulations, under
     the Transportation of Dangerous Goods Act (administered by the
     Department of Transport). The act and regulations are intended to
     promote safety in the transportation of dangerous goods in Canada, as
     well as provide comprehensive regulations applicable to all modes of
     transport accross Canada. These are based on United Nations
     recommendations. The act and regulations should be consulted for
     details. Information is entered under the proper shipping name found in

the regulations; this may include general groups of chemical
substances.
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     entry date: OCT 1994                          effective date: 02DEC1993

     amendment: CAGAAK, CANADA GAZETTE PART II, 127 , 25 , 4056 , 1993

                                     *******

File: 17.01 LEGAL   rn : 402419

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : CZE                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | AIR   |    EMI      |   MXL    |
      --------------------------------
     GENERAL EMISSION LIMIT: 150 MG/M3 (IT APPLIES TO THE SUM OF ACETONE,
     ALKYLALCOHOLS, BIPHENYL, 2-BUTANONE, BUTYL ACETATE, DIBUTYLETHER,
     DIETHYLETHER, DIPHENYLETHER, DICHLORODIFLUOROMETHANE,
     1,2-DICHLOROETHYLENE, DICHLOROMETHANE, DIISOPROPYLETHER, DIMETHYLETHER,
     ETHYL ACETATE, ETHYLENE GLYCOL, 4-HYDROXY-4-ETHYL-2-PENTANONE,

CHLOROETHANE, METHYL BENZOATE, 4-METHYL-2-PENTANOL, N-
METHYLPYRROLIDONE, OLEFINS (EXCEPT 1,3-BUTADIENE), PARAFINS (EXCEPT
METHANE) AND TRICHLOROFLUOROMETHANE IF THEIR MASS FLOW > 3 KG/H).

     entry date: DEC 1994                          effective date:  1SEP1992

     title: PROVISION OF FEDERAL COMMITTEE FOR ENVIRONMENT TO ACT NO. 309
     FROM 9 JULY 1991 ON AIR PROTECTION AGAINST AIR POLLUTANTS

original : SZCFR*, SBIRKA ZAKONU CESKE A SLOVENSKE FEDERATIVNI
REPUBLIKY(COLLECTION OF THE LAW OF CZECH AND SLOVAK FEDERAL REPUBLIC),

      , 84 , 2061 , 1991
amendment: SZCFR*, SBIRKA ZAKONU CESKE A SLOVENSKE FEDERATIVNI
REPUBLIKY(COLLECTION OF THE LAW OF CZECH AND SLOVAK FEDERAL REPUBLIC),

      , 84 , 2398 , 1992

                                     *******

File: 17.01 LEGAL   rn : 402820

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : CZE                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |             |   RQR    |
      --------------------------------
     ROAD TRANSPORT OF THE SUBSTANCE IN THE QUANTITY > 1000 KG IS ALLOWED
     ONLY WITH THE PERMISSION GIVEN BY RELEVANT AUTHORITY.
     entry date: AUG 1994                          effective date: 01APR1992

     title: THE DECREE OF FEDERAL MINISTRY OF TRANSPORT NO. 122 WHICH
     PROMULGATE THE ACT ON ROAD TRANSPORT
     original : SZCSR*, SBIRKA ZAKONU CESKOSLOVENSKE SOCIALISTICKE
                REPUBLIKY(COLLECTION OF THE LAW OF CZECHOSLOVAK SOCIALIST
                REPUBLIC), , 24 , 606 , 1979

amendment: SZCFR*, SBIRKA ZAKONU CESKE A SLOVENSKE FEDERATIVNI
REPUBLIKY
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(COLLECTION OF THE LAW OF CZECH AND SLOVAK FEDERAL
REPUBLIC),, 21 , 531 , 1992

                                     *******

File: 17.01 LEGAL   rn : 402825

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : CZE                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |             |   RQR    |
      --------------------------------

ROAD TRANSPORT OF THE SUBSTANCE IN THE QUANTITY > 100 KG IS ALLOWED
ONLY WITH THE PERMISSION GIVEN BY RELEVANT AUTHORITY (APPLIES TO
LIQUEFIED SUBSTANCE).

     entry date: AUG 1994                          effective date: 01APR1992

     title: THE DECREE OF FEDERAL MINISTRY OF TRANSPORT NO. 122 WHICH
     PROMULGATE THE ACT ON ROAD TRANSPORT
     original : SZCSR*, SBIRKA ZAKONU CESKOSLOVENSKE SOCIALISTICKE
                REPUBLIKY(COLLECTION OF THE LAW OF CZECHOSLOVAK SOCIALIST

                REPUBLIC), , 24 , 606 , 1979
amendment: SZCFR*, SBIRKA ZAKONU CESKE A SLOVENSKE FEDERATIVNI
REPUBLIKY

(COLLECTION OF THE LAW OF CZECH AND SLOVAK FEDERAL REPUBLIC),, 21 , 531
, 1992

                                     *******

File: 17.01 LEGAL   rn : 503995

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : DEU                 type          : REC
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | AIR   |    OCC      |   MAK    |
      --------------------------------
     Suspected of having carcinogenic potential (group IIIB). No MAK value
     e established.
     entry date: FEB 1996                          effective date: 01JUL1995

     title: Maximum Concentrations at the Workplace and Biological Tolerance
     Values for Working Materials (Maximale Arbeitsplatzkonzentrationen und
     Biologische Arbeitsstofftoleranzwerte)
     original : MPGFDF, Mitteilung der Senatskommission zur Pruefung
                gesundheitsschaedlicher Arbeitsstoffe, 31 , , , 1995

                                     *******

File: 17.01 LEGAL   rn : 700636

     systematic name:Ethene
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     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : IND                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | MANUF |             |   RQR    |
     | SAFTY |             |   RQR    |
     | STORE |             |   RQR    |
     | IMPRT |             |   RQR    |
      --------------------------------
     These rules define the responsabilities of occupiers of any industrial
     activity in which this toxic and hazardous substance may be involved.
     These responsabilities encompass: (a) assessment of major hazards
     (causes, occurrence, frequency); (b) measures to prevent accidents and
     limit eventual impairment to human health and pollution of the
     environment; (c) provision of relevant factual knowledge and skills to

workers in order to ensure health and environmental safety when
handling equipments and the foregoing chemical; (d) notification of
the competent authorities in case of major accidents; (e) notification
of sites to the competent authorities 3 months before commencing;
(f)preparation of an on-site emergency plan as to how major accidents
should be coped with;(g) provision of competent authorities with
information and means to respond quickly and efficiently to any off-
site emergency; (h) provision of information to persons outside the
site, liable to be affected by a major accident; (i) labelling of
containers as to clearly identify contents, manufacturers, physical,
chemical and toxicological data; (j)preparation of a safety data sheet
including any significant information regarding hazard of this
substance and submission of safety reports to the competent
authorities; (k) for the import of a hazardous chemical to India,
importers must supply the competent authorities with specified

     information regarding the shipment.
     entry date: SEP 1992                          effective date: 27NOV1989

title: THE MANUFACTURE, STORAGE AND IMPORT OF HAZARDOUS CHEMICALS
RULES.1989

     original : GAZIN*, THE GAZETTE OF INDIA, 787 , , , 1989

                                     *******

File: 17.01 LEGAL   rn : 1121974

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : RUS                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | AIR   |    AMBI     |   MAC    |
      --------------------------------
     3.0MG/M3 1X/D, 3.0MG/M3 AV/D.
     entry date: SEP 1985                          effective date:   AUG1984

     amendment: PDKAV*, PREDELNO DOPUSTIMYE KONTSENTRATSII (PDK)
                ZAGRYAZNYAYUSHCHIKH VESHCHESTV V ATMOSFERNOM VOZDUKHE
                NASELENNYKH MEST (MAXIMUM ALLOWABLE CONCENTRATIONS (MAC) OF
                CONTAMINANTS IN THE AMBIENT AIR OF RESIDENTIAL AREAS),
                3086-84 , , , 1984

                                     *******
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File: 17.01 LEGAL   rn : 1122614

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : RUS                 type          : REG

--------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | AIR   |    OCC      |   MAC    |
     |       |             |   CLASS  |
      --------------------------------
     CLV: 100MG/M3 (VAPOUR) HAZARD CLASS: IV
     entry date: MAY 1990                          effective date: 01JAN1989

     amendment: GOSTS*, GOSUDARSTVENNYI STANDART SSSR(STATE STANDARD OF
                USSR), 12.1.005 , , , 1988

                                     *******

File: 17.01 LEGAL   rn : 1123448

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : RUS                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | AQ    |    SURF     |   MAC    |
     |       |             |   CLASS  |
      --------------------------------
     0.5MG/L HAZARD CLASS: III
     entry date: JUL 1990                          effective date:  1JAN1989

     amendment: SPNPV*, SANITARNYE PRAVILA I NORMY OKHRANY POVERKHNOSTNYKH
                VOD OT ZAGRIAZNENIA (HEALTH REGULATION AND STANDARDS OF
                SURFACE WATER PROTECTION FROM CONTAMINATION), 4630-88 , , ,
                1988

                                     *******

File: 17.01 LEGAL   rn : 1317115

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : USA                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | USE   |             |   RSTR   |
     | FOOD  |    ADDIT    |   RSTR   |
     | STORE |             |   RSTR   |
     | MANUF |             |   RSTR   |
     | PACK  |             |   RSTR   |
      --------------------------------
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     REFERS TO HOMO AND COPOLYMERS.; Summary - THIS SUBSTANCE IS INCLUDED ON
     A LIST OF SUBSTANCES WHICH ARE CONDITIONALLY APPROVED TO BE USED AS
     COMPONENTS OF THE UNCOATED OR COATED FOOD CONTACT SURFACE OF PAPER AND
     PAPERBOARD FOR USE WITH FOODS HAVING THE PROPERTIES OF A DRY SOLID WITH
     NO FREE FAT O R OIL ON THE SURFACE. THESE SUBSTANCES ARE NOT TO BE USED
     IN QUANTITIES WHICH EXCEED THAT REQUIRED TO ACCOMPLISH THEIR INTENDED
     PHYSICAL OR TECHNICAL EFFECT AND ARE SO USED AS TO ACCOMPLISH NO EFFECT
     IN FOOD OTHER THAN THAT ORDINARILY ACCOMPLISHED BY PA CKAGING.
     entry date: NOV 1991                          effective date:      1977

     title: INDIRECT FOOD ADDITIVES: PAPER AND PAPERBOARD COMPONENTS;
     COMPONENTS OF PAPER AND PAPERBOARD IN CONTACT WITH DRY FOOD
     original : FEREAC, FEDERAL REGISTER, 42 , , 14554 , 1977
     amendment: CFRUS*, CODE OF FEDERAL REGULATIONS, 21 , 176 , 180 , 1988

                                     *******

File: 17.01 LEGAL   rn : 1322162

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : USA                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | CLASS |    PESTI    |   RQR    |
     | MANUF |    PESTI    |   PRMT   |
     | FOOD  |    ADDIT    |   RQR    |
      --------------------------------
     CASE NAME ETHYLENE; Summary - THIS SUBSTANCE IS INCLUDED ON A LIST OF
     ACTIVE INGREDIENTS CONTAINED IN A PRODUCT FIRST REGISTERED BEFORE
     NOVEMBER 1, 1984, FOR WHICH A REGISTRATION STANDARD HAS NOT BEEN
ISSUED.
     PUBLICATION OF THIS LIST INITIATES AN ACCELERATED REREGISTRATION AND
     DATA C ALL-IN FOR PRODUCTS CONTAINING THE LISTED ACTIVE INGREDIENTS. IN
     PARTICULAR THE LIST INCLUDES A NUMBER OF ACTIVE INGREDIENT CASES HAVING
     INDIRECT FOOD OR FEED USES.
     entry date: JAN 1992                          effective date:      1988

     title: FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT PESTICIDES
     REQUIRED TO BE REREGISTERED; LIST C.
     original : FEREAC, FEDERAL REGISTER, 54 , 140 , 30846 , 1989
     amendment: FEREAC, FEDERAL REGISTER, 54 , 140 , 30846 , 1989

                                     *******

File: 17.01 LEGAL   rn : 1336046

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : USA                 type          : REG

--------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | AIR   |    EMI      |   RQR    |
     | SOIL  |    EMI      |   RQR    |
     | AQ    |    EMI      |   RQR    |
     | MANUF |    EMI      |   RQR    |
      --------------------------------
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     ; Summary - FACILITIES THAT EXCEEDED A MANUFACTURING, IMPORTATION, OR
     PROCESSING THRESHOLD OF 25,000 LBS OR THE USE OF 10,000 LBS FOR THIS
     CHEMICAL MUST REPORT TO EPA ANY RELEASES OF THE CHEMICAL (OR CATEGORY

CHEMICAL) TO AIR, LAND, WATER, POTW, UNDERGROUND INJECTIO N, OR OFF
SITE TRANSFER. THIS REGULATION COVERS STANDARD INDUSTRIAL
CLASSIFICATION

     (SIC) CODES 20-39 ONLY).
     entry date: OCT 1991                          effective date:      1987

     title: SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT, TITLE III. EPCRA
     SECTION 313 LIST OF TOXIC SUBSTANCES
     original : CFRUS*, CODE OF FEDERAL REGULATIONS, 40 , 372 , 65 , 1988
     amendment: CFRUS*, CODE OF FEDERAL REGULATIONS, 40 , 372 , 65 , 1988

                                     *******

File: 17.01 LEGAL   rn : 1340625

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : USA                 type          : REC
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | AIR   |    OCC      |   TLV    |
      --------------------------------
     SIMPLE ASPHYXIANT; Summary - THIS THRESHOLD LIMIT VALUE IS INTENDED FOR
     USE IN THE PRACTICE OF INDUSTRIAL HYGIENE AS A GUIDELINE OR
     RECOMMENDATION IN THE CONTROL OF POTENTIAL HEALTH HAZARDS.
     entry date: DEC 1991                          effective date:      1989

     title: THRESHOLD LIMIT VALUES
     original : ACGIH*, AMERICAN CONFERENCE OF GOVERNMENT INDUSTRIAL
                HYGIENISTS, , , 11 , 1989
     amendment: ACGIH*, AMERICAN CONFERENCE OF GOVERNMENT INDUSTRIAL
                HYGIENISTS, , , 11 , 1991

                                     *******

File: 17.01 LEGAL   rn : 1408383

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : EEC                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | FOOD  |             |   RQR    |
     | GOODS |             |   MXL    |
     | GOODS |             |   PRMT   |
      --------------------------------
     THE SUBSTANCE IS INCLUDED IN THE LIST OF AUTHORIZED MONOMERS AND OTHER

STARTING SUBSTANCES, WHICH SHALL BE USED FOR THE MANUFACTURE OF
PLASTICS AND ARTICLES INTENDED TO COME INTO CONTACT WITH FOODSTUFFS.
THE USE OF THE SUBSTANCE IS SUBJECT TO THE RESTRICTIONS SPECIFIED
THEREIN. PLASTIC MATERIALS AND ARTICLES SHALL NOT TRANSFER THEIR
CONSTITUENTS TO FOODSTUFFS IN QUANTITIES EXCEEDING 10MG/DM2 OF SURFACE
AREA OF MATERIAL OR ARTICLE OR 60 MG/KG OF FOODSTUFFS IN THE SPECIFIED
CASES.

     VERIFICATION OF COMPLIANCE WITH THE MIGRATION LIMITS SHALL BE CARRIED
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     OUT IN ACCORDANCE WITH DIRECTIVES 82/711/EEC AND 85/572/EEC.
     entry date: SEP 1995                          effective date: 01JAN1991

     title: COMMISSION DIRECTIVE OF 23 FEBRUARY 1990 RELATING TO PLASTICS
     MATERIALS AND ARTICLES INTENDED TO COME INTO CONTACT WITH FOODSTUFFS
     (90/128/EEC)

original : OJEC**, OFFICIAL JOURNAL OF THE EUROPEAN COMMUNITIES, L75 ,
,19 , 1990
amendment: OJEC**, OFFICIAL JOURNAL OF THE EUROPEAN COMMUNITIES, L90 ,
, 26 , 1993

                                     *******

File: 17.01 LEGAL   rn : 1421775

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : EEC                 type          : REG
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | CLASS |             |   CLASS  |
     | LABEL |             |   RQR    |
     | PACK  |             |   RQR    |
      --------------------------------

CLASS: F+ - EXTREMELY FLAMMABLE; EXTREMELY FLAMMABLE (R 12). LABEL: F+
- EXTREMELY FLAMMABLE; EXTREMELY FLAMMABLE (R 12); (KEEP OUT OF THE
REACH OF CHILDREN (S 2)); KEEP CONTAINER IN A WELL-VENTILATED PLACE (S
9); KEEP AWAY FROM SOURCES OF IGNITION - NO SMOKING (S 16); TAKE

     PRECAUTIONARY MEASURES AGAINST STATIC DISCHARGES (S 33).
     entry date: AUG 1994                          effective date:   JAN1994

     title: COUNCIL DIRECTIVE 67/548/EEC OF 27 JUNE 1967 ON THE APROXIMATION
     OF THE LAWS, REGULATIONS AND ADMINISTRATIVE PROVISIONS RELATING TO THE
     CLASSIFICATION, PACKAGING AND LABELLING OF DANGEROUS SUBSTANCES

original : OJEC**, OFFICIAL JOURNAL OF THE EUROPEAN COMMUNITIES, 196 ,
,1 , 1967

     amendment: OJEC**, OFFICIAL JOURNAL OF THE EUROPEAN COMMUNITIES, L 13 ,
                , 1 , 1994

                                     *******

File: 17.01 LEGAL   rn : 1601163

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : UN                  type          : REC
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |             |   CLASS  |
     | LABEL |             |          |
     | PACK  |             |          |
      --------------------------------
     HAZARD CLASS: 2.1 = FLAMMABLE GAS. PACKING METHOD: M. (APPLIES TO
     REFRIGERATED LIQUID ETHYLENE). UN NO.1038.
     entry date: SEP 1994                          effective date:      1993

     title: RECOMMENDATIONS ON THE TRANSPORT OF DANGEROUS GOODS
     amendment: !UNTDG*, UN TRANSPORT OF DANGEROUS GOODS, RECOMMENDATION
                PREPARED BY THE COMMITTEE OF EXPERTS ON THE TRANSPORT OF
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                DANGEROUS GOODS, , , 19 , 1993

                                     *******

File: 17.01 LEGAL   rn : 1601490

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : UN                  type          : REC
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |             |   CLASS  |
     | LABEL |             |          |
     | PACK  |             |          |
      --------------------------------
     HAZARD CLASS: 2.1 = FLAMMABLE GAS. (APPLIES TO COMPRESSED ETHYLENE). UN
     UN NO. 1962.
     entry date: SEP 1994                          effective date:      1993

     title: RECOMMENDATIONS ON THE TRANSPORT OF DANGEROUS GOODS
     amendment: !UNTDG*, UN TRANSPORT OF DANGEROUS GOODS, RECOMMENDATION
                PREPARED BY THE COMMITTEE OF EXPERTS ON THE TRANSPORT OF
                DANGEROUS GOODS, , , 19 , 1993

                                     *******

File: 17.01 LEGAL   rn : 1602034

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : UN                  type          : REC
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |             |   CLASS  |
     | LABEL |             |          |
     | PACK  |             |          |
      --------------------------------
     HAZARD CLASS: 2.1 = FLAMMABLE GAS. PACKING METHOD: M. (APPLIES TO
     O ETHYLENE, ACETYLENE AND PROPYLENE IN MIXTURES, REFRIGERATED LIQUID,
     CONTAINING AT LEAST 71.5 PERCENT ETHYLENE WITH NOT MORE THAN 22.5
     PERCENT ACETYLENE AND NOT MORE THAN 6 PERCENT PROPYLENE). UN NO. 3138.
     entry date: SEP 1994                          effective date:      1993

     title: RECOMMENDATIONS ON THE TRANSPORT OF DANGEROUS GOODS
     amendment: !UNTDG*, UN TRANSPORT OF DANGEROUS GOODS, RECOMMENDATION
                PREPARED BY THE COMMITTEE OF EXPERTS ON THE TRANSPORT OF
                DANGEROUS GOODS, , , 19 , 1993

                                     *******

File: 17.01 LEGAL   rn : 1604990

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : IMO                 type          : REC
      --------------------------------
     |subject|specification|descriptor|
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     |-------+-------------+----------|
     | TRNSP |    MARIN    |   CLASS  |
     | LABEL |             |          |
     | PACK  |             |          |
      --------------------------------
     HAZARD CLASS: 2(2.1) = FLAMMABLE GAS. (APPLIES TO REFRIGERATED LIQUID
     ETHYLENE). UN NO. 1038.
     entry date: SEP 1994                          effective date:      1991

     title: INTERNATIONAL MARITIME DANGEROUS GOODS CODE (IMDG CODE)
     amendment: IMCOC*, IMO DANGEROUS GOODS CODE, RECOMMENDATION PREPARED BY
                THE MARITIME SAFETY COMMITTEE, 26-91 , , 10086 , 1991

                                     *******

File: 17.01 LEGAL   rn : 1604991

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : IMO                 type          : REC
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |    MARIN    |   CLASS  |
     | LABEL |             |          |
     | PACK  |             |          |
      --------------------------------
     HAZARD CLASS: 2(2.1) = FLAMMABLE GAS. (APPLIES TO COMPRESSED ETHYLENE).
     UN NO. 1962.
     entry date: SEP 1994                          effective date:      1991

     title: INTERNATIONAL MARITIME DANGEROUS GOODS CODE (IMDG CODE)
     amendment: IMCOC*, IMO DANGEROUS GOODS CODE, RECOMMENDATION PREPARED BY
                THE MARITIME SAFETY COMMITTEE, 26-91 , , 10085 , 1991

                                     *******

File: 17.01 LEGAL   rn : 1604992

     systematic name:Ethene
     common name    :ethylene
     reported name  :ETHYLENE
     cas no         :74-85-1             rtecs no       :KU5340000
     area          : IMO                 type          : REC
      --------------------------------
     |subject|specification|descriptor|
     |-------+-------------+----------|
     | TRNSP |    MARIN    |   CLASS  |
     | LABEL |             |          |
     | PACK  |             |          |
      --------------------------------
     HAZARD CLASS: 2*2.1) = FLAMMABLE GAS. (APPLIES TO ETHYLENE, ACETYLENE
     AND PROPYLENE MIXTURES, REFRIGERATED LIQUID, CONTAINING AT LEAST 71,5 %
     ETHYLENE WITH NOT MORE THAN 22.5 % ACETYLENE AND NOT MORE THAN 6%
     PROPYLENE). UN NO. 3138.
     entry date: SEP 1994                          effective date:      1991

     title: INTERNATIONAL MARITIME DANGEROUS GOODS CODE (IMDG CODE)
     amendment: IMCOC*, IMO DANGEROUS GOODS CODE, RECOMMENDATION PREPARED BY
                THE MARITIME SAFETY COMMITTEE, 26-91 , , 10084 , 1991



PETITION TO ADD ETHYLENE GENERATED ON-SITE FROM ETHANOL AS A GROWTH REGULATOR 
FOR POTATOES AND ONIONS IN STORAGE TO THE NATIONAL LIST OF ALLOWED SUBSTANCES 

FOR ORGANIC PRODUCTION 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 9 
 

SDS FOR ETHYLENE GAS 
 

NOTE:  The following SDS is for ethylene gas is a pure compressed gas with a principal hazard being 
flammability.  This hazard is not applicable to ethylene gas in PPM amounts generated in-situ from 
catalytic dehydration of ethanol 



Ethylene

Ethene; Ethene (ethylene); impure; ethylene, pure

Liquefied gas

SAFETY DATA SHEET

GHS product identifier

Other means of 
identification
Product type

Section 1. Identification
:

:

:

Chemical name : ethylene

Supplier's details :

Ethylene

Product use : Synthetic/Analytical chemistry.
Synonym : Ethene; Ethene (ethylene); impure; ethylene, pure
SDS # : 001022

Airgas USA, LLC and its affiliates
259 North Radnor-Chester Road
Suite 100
Radnor, PA 19087-5283
1-610-687-5253

1-866-734-3438:24-hour telephone

Section 2. Hazards identification

FLAMMABLE GASES - Category 1
GASES UNDER PRESSURE - Liquefied gas
SPECIFIC TARGET ORGAN TOXICITY (SINGLE EXPOSURE) (Narcotic effects) -
Category 3

Classification of the 
substance or mixture

:

Signal word : Danger
Hazard statements : Extremely flammable gas.

May form explosive mixtures with air.
Contains gas under pressure; may explode if heated.
May cause frostbite.
May displace oxygen and cause rapid suffocation.
May cause drowsiness or dizziness.

Hazard pictograms :

Precautionary statements

Prevention : Keep away from heat, hot surfaces, sparks, open flames and other ignition sources. No 
smoking.  Use only outdoors or in a well-ventilated area.  Avoid breathing gas.

Response : IF INHALED:  Remove person to fresh air and keep comfortable for breathing.  Call a 
POISON CENTER or physician if you feel unwell.  Leaking gas fire: Do not extinguish,
unless leak can be stopped safely.  Eliminate all ignition sources if safe to do so.

Storage : Store locked up.  Protect from sunlight.  Store in a well-ventilated place.

GHS label elements

General : Read and follow all Safety Data Sheets (SDS’S) before use.  Read label before use.
Keep out of reach of children.  If medical advice is needed, have product container or 
label at hand.  Close valve after each use and when empty.  Use equipment rated for 
cylinder pressure.  Do not open valve until connected to equipment prepared for use.
Use a back flow preventative device in the piping.  Use only equipment of compatible 
materials of construction.  Always keep container in upright position.  Approach 
suspected leak area with caution.

OSHA/HCS status : This material is considered hazardous by the OSHA Hazard Communication Standard 
(29 CFR 1910.1200).

Date of issue/Date of revision : 2/12/2018 Date of previous issue : 8/28/2017 Version : 1 1/12



Ethylene

Section 2. Hazards identification
Disposal : Dispose of contents and container in accordance with all local, regional, national and 

international regulations.
Hazards not otherwise 
classified

: Liquid can cause burns similar to frostbite.

Section 3. Composition/information on ingredients

ethylene 100 74-85-1
Ingredient name CAS number%

There are no additional ingredients present which, within the current knowledge of the supplier and in the 
concentrations applicable, are classified as hazardous to health or the environment and hence require reporting 
in this section.

Chemical name : ethylene
Other means of 
identification

: Ethene; Ethene (ethylene); impure; ethylene, pure

CAS number : 74-85-1

Substance/mixture

CAS number/other identifiers

:

Occupational exposure limits, if available, are listed in Section 8.

Substance

Any concentration shown as a range is to protect confidentiality or is due to batch variation.

Product code : 001022

Remove victim to fresh air and keep at rest in a position comfortable for breathing.  Get 
medical attention.  If necessary, call a poison center or physician.  Ingestion of liquid 
can cause burns similar to frostbite.  If frostbite occurs, get medical attention.  Never 
give anything by mouth to an unconscious person.  If unconscious, place in recovery 
position and get medical attention immediately.  Maintain an open airway.  Loosen tight 
clothing such as a collar, tie, belt or waistband.  As this product rapidly becomes a gas 
when released, refer to the inhalation section.

Immediately flush eyes with plenty of water, occasionally lifting the upper and lower 
eyelids.  Check for and remove any contact lenses.  Continue to rinse for at least 10 
minutes.  Get medical attention if irritation occurs.

Flush contaminated skin with plenty of water.  Remove contaminated clothing and 
shoes.  To avoid the risk of static discharges and gas ignition, soak contaminated 
clothing thoroughly with water before removing it.  Get medical attention if symptoms 
occur.  In case of contact with liquid, warm frozen tissues slowly with lukewarm water 
and get medical attention.  Do not rub affected area.  Wash clothing before reuse.
Clean shoes thoroughly before reuse.

Remove victim to fresh air and keep at rest in a position comfortable for breathing.  If it 
is suspected that fumes are still present, the rescuer should wear an appropriate mask 
or self-contained breathing apparatus.  If not breathing, if breathing is irregular or if 
respiratory arrest occurs, provide artificial respiration or oxygen by trained personnel.  It 
may be dangerous to the person providing aid to give mouth-to-mouth resuscitation.
Get medical attention.  If necessary, call a poison center or physician.  If unconscious,
place in recovery position and get medical attention immediately.  Maintain an open 
airway.  Loosen tight clothing such as a collar, tie, belt or waistband.

Section 4. First aid measures

Eye contact

Skin contact

Inhalation

Ingestion :

:

:

:
Description of necessary first aid measures

Most important symptoms/effects, acute and delayed

Inhalation : Can cause central nervous system (CNS) depression.  May cause drowsiness or 
dizziness.

Liquid can cause burns similar to frostbite.:Eye contact
Potential acute health effects
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Section 4. First aid measures

Protection of first-aiders : No action shall be taken involving any personal risk or without suitable training.  If it is 
suspected that fumes are still present, the rescuer should wear an appropriate mask or 
self-contained breathing apparatus.  It may be dangerous to the person providing aid to 
give mouth-to-mouth resuscitation.

Notes to physician : Treat symptomatically.  Contact poison treatment specialist immediately if large 
quantities have been ingested or inhaled.

Specific treatments : No specific treatment.

Can cause central nervous system (CNS) depression.  Ingestion of liquid can cause 
burns similar to frostbite.

:Ingestion

Skin contact : Dermal contact with rapidly evaporating liquid could result in freezing of the tissues or 
frostbite.

Over-exposure signs/symptoms

Skin contact
Ingestion

Inhalation Adverse symptoms may include the following:, nausea or vomiting, headache,
drowsiness/fatigue, dizziness/vertigo, unconsciousness

Adverse symptoms may include the following:, frostbite
Adverse symptoms may include the following:, frostbite

:

:

:

Eye contact : Adverse symptoms may include the following:, frostbite

See toxicological information (Section 11)

Indication of immediate medical attention and special treatment needed, if necessary

Frostbite : Try to warm up the frozen tissues and seek medical attention.

Section 5. Fire-fighting measures

Promptly isolate the scene by removing all persons from the vicinity of the incident if 
there is a fire.  No action shall be taken involving any personal risk or without suitable 
training.  Contact supplier immediately for specialist advice.  Move containers from fire 
area if this can be done without risk.  Use water spray to keep fire-exposed containers 
cool.  If involved in fire, shut off flow immediately if it can be done without risk.  If this is 
impossible, withdraw from area and allow fire to burn.  Fight fire from protected location 
or maximum possible distance.  Eliminate all ignition sources if safe to do so.

Hazardous thermal 
decomposition products

Specific hazards arising 
from the chemical

Decomposition products may include the following materials:
carbon dioxide
carbon monoxide

Contains gas under pressure.  Extremely flammable gas.  In a fire or if heated, a 
pressure increase will occur and the container may burst, with the risk of a subsequent 
explosion.

Fire-fighters should wear appropriate protective equipment and self-contained breathing 
apparatus (SCBA) with a full face-piece operated in positive pressure mode.  For 
incidents involving large quantities, thermally insulated undergarments and thick textile 
or leather gloves should be worn.

Special protective 
equipment for fire-fighters

Use an extinguishing agent suitable for the surrounding fire.
Extinguishing media

:

:

:

None known.

Suitable extinguishing 
media

:

Unsuitable extinguishing 
media

:

Special protective actions 
for fire-fighters

:
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Section 6. Accidental release measures

Environmental precautions

Personal precautions, protective equipment and emergency procedures

Immediately contact emergency personnel.  Stop leak if without risk.  Use spark-proof 
tools and explosion-proof equipment.  Note: see Section 1 for emergency contact 
information and Section 13 for waste disposal.

:

: Accidental releases pose a serious fire or explosion hazard.  No action shall be taken 
involving any personal risk or without suitable training.  Evacuate surrounding areas.
Keep unnecessary and unprotected personnel from entering.  Do not touch or walk 
through spilled material.  Shut off all ignition sources.  No flares, smoking or flames in 
hazard area.  Avoid breathing gas.  Provide adequate ventilation.  Wear appropriate 
respirator when ventilation is inadequate.  Put on appropriate personal protective 
equipment.

Ensure emergency procedures to deal with accidental gas releases are in place to avoid 
contamination of the environment.  Avoid dispersal of spilled material and runoff and 
contact with soil, waterways, drains and sewers.  Inform the relevant authorities if the 
product has caused environmental pollution (sewers, waterways, soil or air).

Large spill :

Immediately contact emergency personnel.  Stop leak if without risk.  Use spark-proof 
tools and explosion-proof equipment.

Small spill :
Methods and materials for containment and cleaning up

For non-emergency 
personnel

For emergency responders : If specialized clothing is required to deal with the spillage, take note of any information in 
Section 8 on suitable and unsuitable materials.  See also the information in "For non-
emergency personnel".

Section 7. Handling and storage

Advice on general 
occupational hygiene

Conditions for safe storage,
including any 
incompatibilities

Eating, drinking and smoking should be prohibited in areas where this material is 
handled, stored and processed.  Workers should wash hands and face before eating,
drinking and smoking.  Remove contaminated clothing and protective equipment before 
entering eating areas.  See also Section 8 for additional information on hygiene 
measures.

Store in accordance with local regulations.  Store in a segregated and approved area.
Store away from direct sunlight in a dry, cool and well-ventilated area, away from 
incompatible materials (see Section 10).  Eliminate all ignition sources.  Cylinders 
should be stored upright, with valve protection cap in place, and firmly secured to 
prevent falling or being knocked over. Cylinder temperatures should not exceed 52 °C 
(125 °F).  Store locked up.  Keep container tightly closed and sealed until ready for use.
See Section 10 for incompatible materials before handling or use.

:

:

Protective measures Put on appropriate personal protective equipment (see Section 8).  Contains gas under 
pressure.  Do not get in eyes or on skin or clothing.  Avoid breathing gas.  Use only with 
adequate ventilation.  Wear appropriate respirator when ventilation is inadequate.  Do 
not enter storage areas and confined spaces unless adequately ventilated.  Do not 
puncture or incinerate container.  Use equipment rated for cylinder pressure.  Close 
valve after each use and when empty.  Protect cylinders from physical damage; do not 
drag, roll, slide, or drop.  Use a suitable hand truck for cylinder movement.
  Use only non-sparking tools.  Empty containers retain product residue and can be 
hazardous.  Store and use away from heat, sparks, open flame or any other ignition 
source.  Use explosion-proof electrical (ventilating, lighting and material handling)
equipment.

:
Precautions for safe handling
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ethylene ACGIH TLV (United States, 3/2017).
  TWA: 200 ppm 8 hours.

Section 8. Exposure controls/personal protection

Ingredient name Exposure limits

Hand protection

Based on the hazard and potential for exposure, select a respirator that meets the 
appropriate standard or certification.  Respirators must be used according to a 
respiratory protection program to ensure proper fitting, training, and other important 
aspects of use.

Chemical-resistant, impervious gloves complying with an approved standard should be 
worn at all times when handling chemical products if a risk assessment indicates this is 
necessary.  If contact with the liquid is possible, insulated gloves suitable for low 
temperatures should be worn.  Considering the parameters specified by the glove 
manufacturer, check during use that the gloves are still retaining their protective 
properties.  It should be noted that the time to breakthrough for any glove material may 
be different for different glove manufacturers.  In the case of mixtures, consisting of 
several substances, the protection time of the gloves cannot be accurately estimated.

Safety eyewear complying with an approved standard should be used when a risk 
assessment indicates this is necessary to avoid exposure to liquid splashes, mists,
gases or dusts.  If contact is possible, the following protection should be worn, unless 
the assessment indicates a higher degree of protection:  safety glasses with side-
shields.

Eye/face protection

Respiratory protection :

:

:

Body protection Personal protective equipment for the body should be selected based on the task being 
performed and the risks involved and should be approved by a specialist before 
handling this product.  When there is a risk of ignition from static electricity, wear anti-
static protective clothing.  For the greatest protection from static discharges, clothing 
should include anti-static overalls, boots and gloves.

:

Environmental exposure 
controls

: Emissions from ventilation or work process equipment should be checked to ensure 
they comply with the requirements of environmental protection legislation.  In some 
cases, fume scrubbers, filters or engineering modifications to the process equipment 
will be necessary to reduce emissions to acceptable levels.

Appropriate engineering 
controls

: Use only with adequate ventilation.  Use process enclosures, local exhaust ventilation or 
other engineering controls to keep worker exposure to airborne contaminants below any 
recommended or statutory limits.  The engineering controls also need to keep gas,
vapor or dust concentrations below any lower explosive limits.  Use explosion-proof 
ventilation equipment.

Wash hands, forearms and face thoroughly after handling chemical products, before 
eating, smoking and using the lavatory and at the end of the working period.
Appropriate techniques should be used to remove potentially contaminated clothing.
Wash contaminated clothing before reusing.  Ensure that eyewash stations and safety 
showers are close to the workstation location.

Hygiene measures :

Control parameters

Individual protection measures

Occupational exposure limits

Skin protection

Other skin protection : Appropriate footwear and any additional skin protection measures should be selected 
based on the task being performed and the risks involved and should be approved by a 
specialist before handling this product.

Thermal hazards : If there is a risk of contact with the liquid, all protective equipment worn should be 
suitable for use with extremely low temperature materials.
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Section 9. Physical and chemical properties

Physical state

Melting point

Relative density
Solubility

Gas.

-169.15°C (-272.5°F)

Not applicable.
Not available.

Characteristic.Odor

pH

Colorless.Color

Evaporation rate Not available.

Auto-ignition temperature

Flash point

450°C (842°F)

Closed cup: -135.85°C (-212.5°F)

1.13

Not available.

Viscosity Not applicable.

Not available.Odor threshold

Partition coefficient: n-
octanol/water

:

:
:

:

:

:

:

:

:

:

:

:

:

Appearance

Boiling point : -103.77°C (-154.8°F)

Flammability (solid, gas) : Extremely flammable in the presence of the following materials or conditions: oxidizing 
materials.

Lower and upper explosive 
(flammable) limits

: Lower: 2.7%
Upper: 36%

Decomposition temperature : Not available.

Heat of combustion : -47194540 J/kg
Aerosol product

Solubility in water : 0.13 g/l

: 28.06 g/moleMolecular weight
Flow time (ISO 2431) : Not available.

Vapor pressure
Vapor density 1  (Air = 1)        Liquid Density@BP:  35.3 lb/ft3 (566 kg/m3)

@ 70°F (21.1°C) = Above critical temperature:
:

Specific Volume (ft 3/lb) : 13.8007
Gas Density (lb/ft 3) : 0.07246 

Critical temperature : 9.95°C (49.9°F)

Section 10. Stability and reactivity

Hazardous decomposition 
products

Conditions to avoid Avoid all possible sources of ignition (spark or flame).  Do not pressurize, cut, weld,
braze, solder, drill, grind or expose containers to heat or sources of ignition.

Under normal conditions of storage and use, hazardous decomposition products should 
not be produced.

The product is stable.Chemical stability

Oxidizers

:

:

:

Incompatible materials :

Possibility of hazardous 
reactions

: Under normal conditions of storage and use, hazardous reactions will not occur.

Reactivity : No specific test data related to reactivity available for this product or its ingredients.

Under normal conditions of storage and use, hazardous polymerization will not occur.Hazardous polymerization :
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Section 11. Toxicological information

Acute toxicity
Not available.

Carcinogenicity
Not available.

Mutagenicity
Not available.

Teratogenicity
Not available.

Reproductive toxicity
Not available.

Irritation/Corrosion
Not available.

Sensitization
Not available.

Information on the likely 
routes of exposure

Inhalation : Can cause central nervous system (CNS) depression.  May cause drowsiness or 
dizziness.

Can cause central nervous system (CNS) depression.  Ingestion of liquid can cause 
burns similar to frostbite.

:Ingestion

Skin contact : Dermal contact with rapidly evaporating liquid could result in freezing of the tissues or 
frostbite.

Liquid can cause burns similar to frostbite.:Eye contact

Symptoms related to the physical, chemical and toxicological characteristics

Skin contact
Ingestion

Inhalation Adverse symptoms may include the following:, nausea or vomiting, headache,
drowsiness/fatigue, dizziness/vertigo, unconsciousness

Adverse symptoms may include the following:, frostbite
Adverse symptoms may include the following:, frostbite

:

:

:

Eye contact : Adverse symptoms may include the following:, frostbite

Delayed and immediate effects and also chronic effects from short and long term exposure

Specific target organ toxicity (single exposure)

Specific target organ toxicity (repeated exposure)

ethylene Category 3 Not applicable. Narcotic effects

Name Category

Not available.

Aspiration hazard
Not available.

Route of 
exposure

Target organs

Information on toxicological effects

: Not available.

Potential acute health effects

Classification

ethylene - 3 -
Product/ingredient name NTPIARCOSHA
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Section 11. Toxicological information

Not available.

No known significant effects or critical hazards.General :
No known significant effects or critical hazards.Carcinogenicity :
No known significant effects or critical hazards.Mutagenicity :
No known significant effects or critical hazards.Teratogenicity :

Developmental effects : No known significant effects or critical hazards.
Fertility effects : No known significant effects or critical hazards.

Potential chronic health effects

Numerical measures of toxicity

Not available.
Acute toxicity estimates

Potential immediate 
effects

: Not available.
Short term exposure

Potential delayed effects : Not available.

Potential immediate 
effects

: Not available.
Long term exposure

Potential delayed effects : Not available.

Section 12. Ecological information

LogPow BCF Potential

Bioaccumulative potential

Other adverse effects : No known significant effects or critical hazards.

Product/ingredient name
ethylene 1.13 - low

Toxicity
Not available.

Persistence and degradability

Soil/water partition 
coefficient (KOC)

: Not available.
Mobility in soil

Not available.

Section 13. Disposal considerations
The generation of waste should be avoided or minimized wherever possible.  Disposal 
of this product, solutions and any by-products should at all times comply with the 
requirements of environmental protection and waste disposal legislation and any 
regional local authority requirements.  Dispose of surplus and non-recyclable products 
via a licensed waste disposal contractor.  Waste should not be disposed of untreated to 
the sewer unless fully compliant with the requirements of all authorities with jurisdiction.
Empty Airgas-owned pressure vessels should be returned to Airgas.  Waste packaging 
should be recycled.  Incineration or landfill should only be considered when recycling is 
not feasible.  This material and its container must be disposed of in a safe way.  Empty 

:Disposal methods
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Section 13. Disposal considerations
containers or liners may retain some product residues.  Do not puncture or incinerate 
container.

Section 14. Transport information

ETHYLENE

2.1

-

ETHYLENE

2.1

-

ETHYLENE

UN1962

2.1

-

UN1962 UN1962

Limited quantity Yes.
Quantity limitation Passenger aircraft/rail: Forbidden.  Cargo aircraft: Forbidden.
Special provisions T75, TP5

Quantity limitation Passenger and Cargo Aircraft: Forbidden.  Cargo Aircraft Only: 150 
kg.

DOT IMDG IATA

UN number

UN proper 
shipping name

Transport 
hazard class(es)

Packing group

Additional information

Environmental 
hazards

Special precautions for user

Transport in bulk according 
to Annex II of MARPOL and 
the IBC Code

No. No. No.

Transport within user’s premises: always transport in closed containers that are 
upright and secure. Ensure that persons transporting the product know what to do in the 
event of an accident or spillage.

: Not available.

:

TDG

UN1962

ETHYLENE

2.1

-

No.

Product classified as per the following sections of the Transportation of Dangerous 
Goods Regulations: 2.13-2.17 (Class 2).
Explosive Limit and Limited Quantity Index 0.125
ERAP Index 3000
Passenger Carrying Ship Index Forbidden
Passenger Carrying Road or Rail Index Forbidden

Mexico

UN1962

ETHYLENE

2.1

-

No.

DOT Classification

TDG Classification

IATA

:

:

:

“Refer to CFR 49 (or authority having jurisdiction) to determine the information required for shipment of the 
product.” 

Section 15. Regulatory information
U.S. Federal regulations

Clean Air Act (CAA) 112 regulated flammable substances: ethylene
:

Clean Air Act  Section 112
(b) Hazardous Air 
Pollutants (HAPs)

: Not listed

Clean Air Act Section 602 
Class I Substances

: Not listed

Clean Air Act Section 602 
Class II Substances

: Not listed

DEA List I Chemicals 
(Precursor Chemicals)

: Not listed

TSCA 8(a) CDR Exempt/Partial exemption: Not determined
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Section 15. Regulatory information

This material is listed.Massachusetts :

SARA 313

Product name CAS number %

SARA 313 notifications must not be detached from the SDS and any copying and redistribution of the SDS shall include 
copying and redistribution of the notice attached to copies of the SDS subsequently redistributed.

ethylene 74-85-1 100

ethylene 74-85-1 100

Form R - Reporting 
requirements

Supplier notification

DEA List II Chemicals 
(Essential Chemicals)

: Not listed

New York : This material is not listed.
New Jersey : This material is listed.
Pennsylvania : This material is listed.

State regulations

SARA 302/304

SARA 304 RQ : Not applicable.

No products were found.

Composition/information on ingredients

International regulations
Chemical Weapon Convention List Schedules I, II & III Chemicals

Montreal Protocol (Annexes A, B, C, E)
Not listed.

Stockholm Convention on Persistent Organic Pollutants
Not listed.

Rotterdam Convention on Prior Informed Consent (PIC)
Not listed.

Not listed.

UNECE Aarhus Protocol on POPs and Heavy Metals
Not listed.

Inventory list
Australia : This material is listed or exempted.
Canada : This material is listed or exempted.
China : This material is listed or exempted.
Europe : This material is listed or exempted.
Japan : Japan inventory (ENCS): This material is listed or exempted.

Japan inventory (ISHL): Not determined.

Republic of Korea : This material is listed or exempted.

Malaysia : Not determined.
New Zealand : This material is listed or exempted.
Philippines : This material is listed or exempted.

Taiwan : This material is listed or exempted.

Turkey : This material is listed or exempted.
United States : This material is listed or exempted.

Thailand : Not determined.

SARA 311/312
Classification : Refer to Section 2: Hazards Identification of this SDS for classification of substance.
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Section 15. Regulatory information
Viet Nam : Not determined.

Section 16. Other information

2/12/2018
History

Date of printing
Date of issue/Date of 
revision

Version
Date of previous issue

:

:

:

:

References : Not available.

Key to abbreviations : ATE = Acute Toxicity Estimate
BCF = Bioconcentration Factor
GHS = Globally Harmonized System of Classification and Labelling of Chemicals
IATA = International Air Transport Association
IBC = Intermediate Bulk Container
IMDG = International Maritime Dangerous Goods
LogPow = logarithm of the octanol/water partition coefficient
MARPOL = International Convention for the Prevention of Pollution From Ships, 1973 
as modified by the Protocol of 1978. ("Marpol" = marine pollution)
UN = United Nations

2/12/2018

8/28/2017
1

Hazardous Material Information System (U.S.A.)
1

4

3

2
4

2

/

National Fire Protection Association (U.S.A.)

Health

Special

Instability/Reactivity

Flammability

Health
Flammability
Physical hazards

Caution: HMIS® ratings are based on a 0-4 rating scale, with 0 representing minimal hazards or risks, and 4 
representing significant hazards or risks. Although HMIS® ratings and the associated label are not required on 
SDSs or products leaving a facility under 29 CFR 1910.1200, the preparer may choose to provide them. HMIS® 
ratings are to be used with a fully implemented HMIS® program. HMIS® is a registered trademark and service 
mark of the American Coatings Association, Inc.

The customer is responsible for determining the PPE code for this material. For more information on HMIS® 
Personal Protective Equipment (PPE) codes, consult the HMIS® Implementation Manual.

Reprinted with permission from NFPA 704-2001, Identification of the Hazards of Materials for Emergency 
Response Copyright ©1997, National Fire Protection Association, Quincy, MA 02269. This reprinted material is 
not the complete and official position of the National Fire Protection Association, on the referenced subject 
which is represented only by the standard in its entirety.

Copyright ©2001, National Fire Protection Association, Quincy, MA 02269. This warning system is intended to 
be interpreted and applied only by properly trained individuals to identify fire, health and reactivity hazards of 
chemicals. The user is referred to certain limited number of chemicals with recommended classifications in 
NFPA 49 and NFPA 325, which would be used as a guideline only. Whether the chemicals are classified by NFPA 
or not, anyone using the 704 systems to classify chemicals does so at their own risk.

Procedure used to derive the classification

Classification Justification
FLAMMABLE GASES - Category 1 Expert judgment
GASES UNDER PRESSURE - Liquefied gas Expert judgment
SPECIFIC TARGET ORGAN TOXICITY (SINGLE EXPOSURE) (Narcotic effects) -
Category 3

Expert judgment
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Section 16. Other information

To the best of our knowledge, the information contained herein is accurate. However, neither the above-named 
supplier, nor any of its subsidiaries, assumes any liability whatsoever for the accuracy or completeness of the 
information contained herein.
Final determination of suitability of any material is the sole responsibility of the user. All materials may present 
unknown hazards and should be used with caution. Although certain hazards are described herein, we cannot 
guarantee that these are the only hazards that exist.

Notice to reader

Date of issue/Date of revision : 2/12/2018 Date of previous issue : 8/28/2017 Version : 1 12/12
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INFORMATION ON THE UTILITY AND VALUE OF ETHYLENE IN AGRICULTURE, AND ITS 
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Abstract World over, potatoes are being stored at 8–12 °C
(85–90 % RH). This is the most common way of long-term
(up to 6 to 9 months) storage of potatoes. The benefit of
storing the potatoes within the temperature range of 8–12 °C
is minimum accumulation of sugars in stored potato tubers. In
sub-temperate, sub-tropical and tropical countries of the
world, short-term (3 to 4 months) storage of potatoes is being
done by non-refrigerated traditional/on-farm methods. These
short- and long-term storage methods keep the stored potatoes
suitable not only for table purpose but also for processing.
However, once the natural dormancy period of potato is over,
the prevailing temperatures in these storage methods favour
sprouting and sprout growth. Therefore, use of some sprout
suppressant to check the sprout growth becomes essential un-
der these methods of potato storage. CIPC [Isopropyl N-(3-
chlorophenyl) carbamate] is the most wide spread and com-
monly used sprout suppressant on potatoes. CIPC has been in
use for more than 50 years and research carried out over such a

long period use of CIPC has not only enhanced our under-
standing of its properties and chemistry but also about the
production and toxicological status of its metabolites/
degradation products. Today, various safety issues and con-
cerns have surfaced primarily due to continuous and long-
term use of CIPC. This review presents an appraisal on CIPC
and explains the reasons for the long-time dependence on this
chemical as a potato sprout suppressant. Issues like maximum
residue limit and acceptable daily intake limit are being
discussed for CIPC. This article brings an update on practical
aspects of potato storage, residue levels of CIPC, efficacy of
CIPC as sprout suppressant and health and environmental
safety issues linked with CIPC and its metabolites. The aim
of this article is to find possible solutions, way outs and future
plans that can make the sprout suppression of potatoes safer
and more risk free.

Keywords ADIL . CIPC .Metabolite toxicity . MRL .

Potato . Potato storage . Residue . Safety issues . Sprout
suppressant

Introduction

Potato (Solanum tuberosum L.) is an important food crop and
it is being grown in nearly 150 countries. Global potato pro-
duction in the year 2012 was 364.81 million tonnes wherein,
the developing countries contributed for 213.74 million
tonnes (FAOSTAT 2013a). World potato production has in-
creased at an annual average rate of 4.5 % over the last
10 years. In terms of production, potato has exceeded the
growth of many other major food commodities in developing
countries and particularly in Asia (IPY 2008; FAO 2008).
Today potato is the 4th major food crop after rice, wheat and
maize. Just after the harvest, there is huge arrival of potatoes in
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the market resulting in their surplus availability. In the years of
higher production, there is glut in developing and economi-
cally poor countries. This is primarily due to inadequate facil-
ities and poor infrastructure for storage, marketing and utili-
zation of potatoes in processing. This situation usually cause
distress sale by the farmers (Mehta and Ezekiel 2006;
Sundaram 2011; Gautam et al. 2013). Fresh potatoes are avail-
able only for 2 to 4 months (depending on the geographical
region and country). Storage of potatoes is therefore necessary
to meet the requirements for the remaining period of a year.
Storage of potatoes either for short-term (2 to 4 months, under
non-refrigerated conditions) or long-term (5 to 9 months, un-
der refrigerated conditions) helps in reducing the postharvest
losses and gluts like situation (Ezekiel et al. 2005; Paul and
Ezekiel 2013). The situations and problems pertaining to the
storage of potatoes in sub-temperate, sub-tropical and tropical
countries of the world are different from that of temperate
countries. This is because of the fact that the harvest of pota-
toes in the former is followed by hot summer months whereas,
in the latter harvest is followed by cool winter months.

During storage at temperatures of 8–12 °C, potatoes are
treated with a sprout suppressant either once (if stored up
to 5 months) or twice (if stored for 6 to 9 months). World
over, isopropyl N-(3-chlorophenyl) carbamate (CIPC also
referred as chlorpropham) is the most commonly used
sprout suppressant on potatoes when stored at 8–12 °C
(Smith and Bucher 2012). CIPC is primarily an herbicide
which was introduced in the year 1951 (Marth and Schultz
1952). After that, its use has gradually spread in developed
and then in developing countries (Sawyer and Malagamba
1987; Burton et al. 1992; Tayler et al. 1996; Ezekiel et al.
2005). Many years of research and commercial use has
shown the efficacy of CIPC as a sprout suppressant on
potatoes especially when they are stored at 8–12 °C. This
effect of CIPC is with little or no adverse effect on quality
parameters (Rastovski 1987; Tayler et al . 1996;
Blenkinsop et al. 2002; Ezekiel et al. 2005; Mehta et al.
2010). Now, it is more than 50 years since the commercial
use of CIPC (as sprout suppressant) started on stored po-
tatoes (Teper-Bamnolker et al. 2010; Verhagen et al. 2011).
A large number of studies carried out during this period
have enhanced our understanding about CIPC, its mode
of action, its metabolism in plants and animal and its fate
in our environment. This article aims to update and high-
light the safety and environmental issues which have
surfaced due to continuous and long-term use of CIPC
as potato sprout suppressant. Concerns associated with
high degree of toxicity as exhibited by metabolites of
CIPC (present or formed in the CIPC-treated tubers and
also produced in humans on the consumption of CIPC-
treated tubers) are also highlighted in this article. Based
on the survey of literature and outcome of various stud-
ies this article suggests some of the possible solutions,

way out and future strategies that will help in making the
potato storage and use of sprout suppressant on potatoes
safer and more risk free.

Different options of storing the harvested potatoes

Storage at 2–4 °C

Storage of potatoes at 2–4 °C (90–95 % RH) in cold stores is
ideal for storing the seed potatoes because at this temperature
there is no sprouting or sprout growth. Under this condition,
potatoes remain viable for a long period and therefore these
tubers can be used as seed potatoes for planting in the subse-
quent season. This low temperature is however not suitable for
storing the potatoes meant for either table or processing pur-
poses. Potatoes stored at this temperature start accumulating
reducing sugars (glucose and fructose) and become sweet in
taste (Rees et al. 1981; Sonnewald 2001). Consumers do not
like to the eat potatoes that taste sweet. Storage of potatoes at
2–4 °C induces a process referred as cold-induced sweetening
(CIS). CIS involves degradation of starch (main reserve ma-
terial present in the potatoes) into reducing sugars (Sonnewald
2001). As a result, potatoes stored at 2–4 °C accumulate re-
ducing sugars in them. Accumulated or higher levels of reduc-
ing sugars are also responsible for unacceptable dark brown
colour on processed products (chips, crisps, French fries and
flakes etc.). This browning is mainly because of a non-
enzymatic reaction referred as Maillard reaction (Maillard
1912; Kyriacou et al. 2009; Everts 2012). In this way, potatoes
stored at low temperature no longer remain suitable for pro-
cessing (Ezekiel et al. 2003; Kyriacou et al. 2009).

Short-term storage of potatoes

For short-term storage of potatoes (up to 2–4 months), on-
farm methods are practiced by the farmers in most of the
potato grown countries (Mehta and Ezekiel 2010; Gautam
et al. 2013). These on-farm methods are highly cost-
effective and help the farmers in extending the marketing
period and thereby fetching more economic benefits
(Ezekiel et al. 1999; Paul and Ezekiel 2003a; Kumar
and Ezekiel 2006; Mehta and Ezekiel 2010; Paul and
Ezekiel 2013). Potatoes are stored in the form of heaps
of potatoes or they are placed in pits of appropriate size.
Storage of harvested potatoes by above methods are done
either in the vicinity of the field (where the potato crop
was grown) or the farmers may prefer to store the potatoes
near to their house for proper monitoring and look after.
Protection from the sun light and possible rains is done by
covering the heap of potatoes with straw material and pits
by erecting a thatched roof like structure at low height
(made from locally available materials) (Paul et al.
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2002a, b; Paul and Ezekiel 2004). Besides the above
methods, storage of potato in a dark room as such or with
provision of evaporative passive cooling, spreading tubers
on floor, storing in bins, hanging potatoes in bamboo bas-
kets are also being practiced for short-term storage (Mehta
and Ezekiel 2010; Gautam et al. 2013). All the above
methods fall in the category of non-refrigerated methods
of storing potatoes.

Studies conducted at various centers located in India
(representing sub-tropical region) indicated that the tem-
perature inside heap and pit can be 10 to 15 °C lower than
the prevailing ambient temperatures. During the storage
period of 3 months, temperature and RH varies from 21
to 32 °C and 51 to 95 %, respectively (Kumar et al. 2005;
Paul and Ezekiel 2005; Ezekiel et al. 2005). Weight losses
due to sprouting and decay of tubers under these on-farm
storage methods have been estimated from 10 to 40 %
depending upon the duration, type and location of storage,
variety, maturity of stored tubers, extent of protection pro-
vided to potatoes against sun light, heat of the sun and
rains (Paul and Ezekiel 2003a, b; Mehta and Ezekiel
2010). As relatively higher temperature prevails during
the period of storage in sub-tropical and tropical regions,
these on-farm storage for 2 to 4 months helps in main-
taining low levels of reducing sugars in stored tubers
(Kumar et al. 2005; Gautam et al. 2013). Because of this,
the tubers retain their suitability for table as well as pro-
cessing purposes. Once the dormancy period (6 to
8 weeks) of harvested and stored potatoes is over, the
temperature that prevails under these storage methods (in
sub-tropical and tropical regions) favours sprouting neces-
sitating the use of a sprout suppressant to check sprouting
and sprout growth.

Long-term storage of potatoes

For long-term storage of potatoes (up to 9 months), storage at
8–12 °C with 85–90 % RH is the most appropriate method
and this is normally followed in developed nations. This meth-
od of potato storage has become popular in developing coun-
tries as well. The basic reason behind selecting the tempera-
ture range of 8–12 °C is because of the relationship between
the rate of respiration of potato tubers with the storage tem-
perature. At the temperature range of 8–12 °C the rate of
respiration of potato tuber is minimum (Burton 1989). The
most significant benefit of storing the potatoes within the tem-
perature range of 8–12 °C is that this temperature range allows
the minimum accumulation of reducing sugars in stored pota-
to tubers (Smith 1987; Ezekiel et al. 2007a, b). This thereby
keeps the stored potatoes suitable for consumption (table and
processed potato). However, once the natural dormancy peri-
od of tuber is over, this storage temperature of 8–12 °C is

favourable for sprouting and sprout growth. Therefore, the
use of a potato sprout suppressant becomes essential here.

Adverse consequences of sprouting of potatoes
during storage

It is alreadymade clear above that control of sprout growth is a
key factor either for short-term or long-term storage of potato.
Sprout growth contributes significantly towards the weight
loss of the potato. As per an estimate by Burton (1955), res-
piration increases by 50 % if sprouts on tuber reach to 1 % of
the tuber weight (i.e., 1 g of sprout per 100 g fresh weight of
tuber). It has been revealed that the epidermis of the sprout is
about 100 times more permeable to water in comparison to
rest of the surface of the tuber (Burton 1955). Because of this,
sprout growth equivalent to 1 % increase in the tuber surface
area leads to doubling of the moisture loss from the potato
tubers. Respiration as well as evaporation increase rapidly
with the onset of sprouting and continuous growth of sprouts.
Sprouting therefore results in rapid increase in physiological
weight loss of stored tubers. Besides causing the weight loss,
sprouting is also highly detrimental to the nutritional status
and quality aspects of potatoes (van Es and Hartmans 1987a;
Mani et al. 2014). Sprouting leads to higher rate of respiration,
remobilization of storage compounds in the potato tubers
mainly starch and proteins besides causing shrinkage due to
loss of water (Sonnewald and Sonnewald 2014). These chang-
es also cause deterioration in processing quality due to loss in
mass, decreased turgor, structural change due to growth of
sprout tissue and increase in sugar concentrations due to hy-
drolysis of starch (Burton et al. 1992; Davies 1990; van Es and
Hartmans 1987b; Daniels-Lake et al. 2005). Potato quality
parameters such as firmness and content of vitamin C are also
adversely affected by sprouting (Rezaee et al. 2011). So, to
reduce weight loss and other undesirable physiological and
biochemical changes that can adversely affect the quality of
potatoes, the use of sprout suppressants has become an inte-
gral part of potato storage and potato industry.

CIPC as an effective sprout suppressant for potatoes
during short-term and long-term storage

CIPC is a selective and systemic herbicide with an ability to
translocate acropetally in plant system (Ashton and Crafts
1981). It has only slight solubility in water (89 mg per litre)
but it is highly soluble in organic solvents. Half-life of CIPC in
soil is about 65 days at 15 °C and 30 days at 29 °C (O’Neil
et al. 2006; EXTOXNET 1996). CIPC acts as a mitotic inhib-
itor by interfering the process of spindle formation during the
cell division (Vaughn and Lehnen 1991). It is known to inhibit
protein synthesis, RNA synthesis, activity of β-amylase along
with suppression of transpiration and respiration and interfere
with of oxidative phosphorylation and photosynthesis
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(Vaughn and Lehnen 1991). CIPC is considered as the most
effective sprout suppressant for potatoes. It can be converted
into emulsifiable concentrate, fogging concentrate, granules
and dustable powder (van Vliet and Sparenberg 1970; Corsini
et al. 1979; Conte et al. 1995). It is usually applied as a post-
harvest fogging treatment on stored potatoes.

Sprout suppression ability of CIPC has been found to be
more effective at temperature of 15 °C or below. Its efficacy
decreases at temperature higher than 15 °C (Mondy et al.
1992a; Kleinkopf et al. 1997; Ezekiel et al. 2005; Sanli et al.
2010). Research carried out in India has shown the sprout
suppression ability of CIPC even at higher storage tempera-
tures (ranging from 21 to 32 °C) although not to the same
extent as observed at the storage temperature of 8–12 °C
(Ezekiel et al. 2005; Mehta et al. 2007, 2010). On an average,
temperature of 18–32 °C (52–88 %) and 19–27 °C (69–92 %
R.H) prevails under heaps and pit methods of potato storage
respectively during 90 days of storage in sub-tropical condi-
tions when the ambient temperatures may vary between 34
and 41 °C or more (Mehta et al. 2007). Effectiveness of CIPC
has been demonstrated at temperature even higher than 15 °C
under traditional and non-refrigerated methods of potato stor-
age in number of studies (Ezekiel et al. 2002; Singh et al.
2004; Chandel et al. 2008; Kumar and Ezekiel 2006; Mehta
et al. 2007, 2010).

Fogging treatment of CIPC is given either once or twice
depending upon the duration of storage period. The dose of
CIPC is about 18 g (a.i.) tonne−1 of potatoes. Normally two
applications are done for long-term storage of potatoes, so
total CIPC applied is about 36 g (a. i.) tonne−1 of potatoes
(Lewis et al. 1997; Ezekiel et al. 2005). In UK, the maximum
amount of CIPC that can be applied to fresh market potatoes is
36 g per tonne of potatoes whereas, for processing 63.75 g per
tonne of potatoes is allowed (Mohammed 2012). In addition
to the use of CIPC as a sprout suppressant, it is also used as an
herbicide. As per an estimate, CIPC accounts for about 11 %
of the total herbicide sale world-wide (Farawela 2009).

Factors affecting the residue of CIPC in treated potatoes
and processed products

Application rates of CIPC may vary depending on the storage
temperature, length of storage period and method of applica-
tion (Mondy et al. 1992a; Sakaliene et al. 2009). Retreatment
often becomes necessary to extend sprout inhibition during
storage (Corsini et al. 1979; Kleinkopf et al. 1997; Mahajan
et al. 2008). Often, there is a lack of uniform distribution of
applied CIPC and thereby its concentration in the tubers. For
instance; after aerosol or direct spray treatment, CIPC concen-
trations vary significantly depending upon the location i.e., in
top, middle and bottom piles of potatoes (Corsini et al. 1979;
Kleinkopf et al. 1997). Potatoes stored in piles had uneven
distribution of CIPC, presumably because of differential

airflow within the piles (Conte et al. 1995). Potato cultivars
also differ in concentration of CIPC dose which is required for
the effective control of sprout growth besides being influenced
by storage conditions and temperatures (Kleinkopf et al.
2003). All the factors and situations as described above play
a role in leading to residue levels of CIPC in the treated pota-
toes during and after the period of storage.

CIPC is usually applied prior to the start of sprouting
(Ravanel and Tissut 1984). Ability of CIPC to suppress
the sprout growth is more if it is applied prior to sprouting.
Application of CIPC to already sprouted potatoes causes
the desiccation of sprouts but its ability to suppress the
sprout growth is reduced. Multiple applications of CIPC
may be necessary if the permitted application rate is rela-
tively low as it is practiced by European nations (NAPPO
2013). Noel et al. (2004) evaluated the distribution of
CIPC after applying it in different formulations. Study
revealed that the residue levels of CIPC on the potato
tuber depends more on the type of formulation applied
than to any other single factor. Treatment of CIPC in the
form of dust powder lead to the highest CIPC residue
deposit on the potato tuber compared with emulsifiable
concentrate while hot fogging showed very low residue
level of CIPC. Wilson et al. (1981) observed residue levels
of CIPC up to 45 mg per kg of potatoes following the
aerosol treatment. Whereas, study by Mondy et al.
(1992b), showed that potato tubers dipped in a 1 % emul-
sion of CIPC resulted in residue level up to 400 mg per kg
of potatoes in the peel. This was the maximum residue
level recorded in the treated tubers. Peel is known to con-
tain maximum levels of CIPC and in this study residue
examination was done just after the treatment under stor-
age at 5 °C (losses of CIPC are minimum at this temper-
ature). Study by Conte et al. (1995) showed presence of 10
times more residues in tubers that were treated with CIPC
powder than the tubers treated with aerosol. It was report-
ed by Mehta et al. (2010) that the residue concentration
was higher immediately after the spray application of
CIPC at a rate of 30 mg per kg of potatoes compared to
20 mg per kg of potatoes but at the end of storage period
this difference was no longer detectable. They also record-
ed 10–20 times lower levels of residue in the cortex than
in the peel of treated tubers. Brajesh and Ezekiel (2010)
found a correlation between the number of CIPC applica-
tions and the residue of CIPC in potato tubers. CIPC was
also detected in potato crisps (Lewis et al. 1996) potato
chips (Nagami 1997) French fries (Lentza-Rizos and
Balokas 2001) and extruded potato peels (Camire et al.
1995). There are other reports where CIPC residue was
detected and determined not only in cooked and processed
potato products but also in the oil which was used for
frying (Ritchie et al. 1983; Nagayama and Kikugawa
1992; Ezekiel and Singh 2007; Park et al. 2009).
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Factors contributing for reduction of CIPC residue
in treated potatoes

It was observed that up to 45% of applied CIPC remain present
in the soil adhering to the treated and unwashed tubers (Coxon
and Filmer 1985). Corsini et al. (1979) reported that the residue
of CIPC in peel samples (tuber taken from a large commercial
store after aerosol application) were fairly high (15–85 mg L−1)
whereas less than 1 mg L−1 was found in peeled tubers. Wilson
et al. (1981) showed that washing the tubers under running
water reduced CIPC concentration from 45 to 40 mg L−1. By
applying a more rigorous washing procedure, 88 % of CIPC
was removed (level changed from 1.6 to 0.2 mg per kg of
potatoes) from potatoes which were earlier treated with an
emulsified solution of CIPC (0.1 %) (Tsumurahasegawa et al.
1992). Washing of potatoes with water that were treated with
dustable powder of CIPC and stored for 28 days showed re-
duction in the residue of CIPC from 3.8 to 2.9 mg per kg. This
means that 24 % of the CIPC residue leached into the water
(Lentza-Rizos and Balokas 2001). Similar observations were
recorded by Park (2004) and Sakaliene et al. (2009). In fact
presence of CIPC was detected in water which was used for
washing the potatoes treated with CIPC. Conte et al. (1995) and
Lewis et al. (1996) suggested that removal of CIPC from the
potato by peeling is much more effective than washing. On the
other hand, Sakaliene et al. (2009) emphasized on cleaning of
the surface of the treated tubers by washing to remove CIPC
residues because peeling although removes the majority of the
chemical but it also removes nutrients from the potato. It is
important to mention here that Sakaliene and co workers also
laid emphasis on commercial availability of alternative sprout
control methods as well. Studies are available where large dif-
ferences in the residue of CIPC in the peel, unpeeled and peeled
tubers have been seen (Coxon and Filmer 1985; Mondy et al.
1992b; Brajesh and Ezekiel 2010). According to Lentza-Rizos
and Balokas (2001), peeling removes approximately 91–98 %
of the CIPC from the tubers.

Storage time has a substantial effect on the CIPC residue
present in the potato tuber. Residue level of CIPC decreases
with the duration of storage (Mondy et al. 1992a; Lentza-
Rizos and Balokas 2001; Sakaliene et al. 2009; Brajesh and
Ezekiel 2010). Reduction in the residue levels of different
agrochemicals is also affected by the handling and processing
related steps such as; washing, heating, blanching, cooking
and frying besides storage duration and storage temperatures
(Keikotlhaile et al. 2010; Bajwa and Sandhu 2014). Boiling
the potatoes in water or cooking them by steaming resulted in
reduced residue of CIPC in cooked tubers as compared to
uncooked tubers due to leaching of CIPC into the cooking
water (Mondy et al. 1992b). Processing has also been shown
to reduce the residue of CIPC in potatoes (Lentza-Rizos and
Balokas 2001; Ezekiel and Singh 2007; Sakaliene et al. 2009;
Park et al. 2009; Gonzalez-Rodriguez et al. 2011).

Maximum residue limit (MRL) and acceptable daily
intake limit (ADIL) for CIPC

On 1st August, 1996, a federal Re-registration Eligibility De-
cision (RED) for CIPC was issued to continue its use as sprout
inhibitor on harvested potatoes in storage by the Environmen-
tal Protection Agency (EPA 1996). This decision allowed for a
maximum residue limit (MRL; residue tolerance) of
50 mg kg−1 of tuber fresh weight (equivalent to 50 ppm).
During the year 2002, the established allowable MRL for
CIPC for fresh potatoes was reduced to 30 ppm (EPA
2002a, b). In the year 2007, the MRL for potatoes treated by
CIPC was fixed at 10 ppm for human consumption across the
Europe by Advisory Committee on Pesticides (ACP)
(McGowan et al. 2009). While, MRL of 5 to 10 ppm was
envisioned by European Union (EU) member countries
(Anonymous 2002; Kleinkopf et al. 2003) and 10 ppm by
European Commission (2008) and Health and Safety Execu-
tive (HSE 2009). As per the regulatory status in three NAPPO
(North American Plant Protection Organization) counties
(NAPPO 2013), the MRL of CIPC (applied in any form) is
15 ppm for Canada and 30 ppm for USA. These limits also
impose restriction on the repeated use of CIPC. However if we
wish to see in practical terms, it becomes essential to use the
CIPC at least twice for storing the potatoes up to 6 to
9 months.

Actual residue level of CIPC as detected in stored potato
tubers treated with CIPC ranged from 8 to 15 ppm (Lentza-
Rizos and Balokas 2001; Singh and Ezekiel 2010). The ac-
ceptable daily intake limit (ADIL) with respect to CIPC for
human body is reported to be 0.05 mg kg−1 (of body weight)
day−1 (Anonymous 1997; Chlorpropham 2003; EFSA 2012).
Residue of CIPC is the most frequently encountered chemical
present in potatoes and has been regularly found in
WPPR/PRC surveys since 1994. In UK, it is applied as a
fog according to strict guidelines and only by suitably quali-
fied individuals. Majority of the residue levels reported in the
PRC surveys and by industry in UK were below the proposed
levels, but levels on two PRC samples in 2003 reached 12 and
20 mg kg−1 respectively (Bradshaw and Ogilvy 2006). There
are reports that some samples with exceedingMRLwere with-
drawn from the exporting market (Noel et al. 2004). There are
two possible explanations for this 1) The highest recommend-
ed application was exceeded even more than which is neces-
sary to control the sprouting and 2) Uneven distribution of
CIPC in the piles of stored potatoes (Noel et al. 2002, 2003).
If this could be a situation in UK, then the problem of higher
residue levels can be expected to be more common in devel-
oping and third world countries where neither strict guidelines
are followed nor the treatment is being given each time by
suitably qualified individuals. Besides this, the old set up
and available infrastructure for most of the potato stores may
impose hindrance in uniform distribution of CIPC. There is
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also a tendency of indiscriminate/overuse of CIPC to save the
stored potatoes for better price and sometime for the sake of
reputation of cold store owners. As per WPPR/PRC surveys
since 1994, CIPC is regular and the most frequently encoun-
tered residue in potatoes. Study pertaining to whole diet by the
USA Food and Drug Administration (FDA) indicated that
CIPC is one of the most abundant pesticides in the diet of
adults ( Daniels-Lake et al. 2011).

Consumption of potatoes in different countries and its
relation with ADIL of CIPC

Keeping in view the MRL of CIPC in the whole potato tuber
a s 5 , 10 15 , 30 and 50 ppm and the ADIL as
0.05 mg kg−1 day−1 (as stated above), the data generated for
maximum quantity of potatoes a person can consume on daily
basis is presented in Table 1. Data on overall consumption of
potato (g head−1 day−1) in selected countries and regions of
the world are presented in Table 2. Now taking into consider-
ation the data presented in Tables 1 and 2 - following infer-
ences can be drawn.

1. Highest consumption of potatoes (507 g head−1 day−1) is
in Belarus (Table 1). With this much of potato consump-
tion it appears quite obvious that MRL of CIPC in the
potatoes should not go beyond 5 ppm (Table 1). But, even
with MRL of CIPC as 5 ppm, consumption of potatoes @
507 g head−1 day−1 can be considered safe only for the
persons with body weight of 50 kg or more (Table 1).
Consumption of potatoes equivalent to the national aver-
age of Belarus by a person with a body weight of less than
50 kg will possibly expose him/her to a CIPC levels be-
yond the permissible limit. Next highest consumption of
potato is in Ukraine (383 g head−1 day−1). With this con-
sumption on daily basis, MRL of CIPC in the potatoes
should not go beyond 10 ppm. But, even with MRL of
CIPC as 10 and 5 ppm, consumption of 383 g of potatoes
in Ukraine cannot be considered safe for the persons with
body weight less than 70 and 30 kg, respectively
(Table 1).

2. Like the above cases, nations like Poland, Estonia, Rus-
sian Federation, Kazakhstan, Malawi and Belgium con-
sume around 300 g of potato per head on daily basis
(Table 2). Here again, with the MRL of CIPC at 10 and
5 ppm, people having a body weight less than 60 and
30 kg, respectively are at the risk of taking in the CIPC
beyond its permission limit (Table 1). In a similar way, for
countries such as; Canada, Bosania & Herzegovina, Ne-
pal, Azerbaijan and Germany and for special groups of
nations like; Europe and European Union (where con-
sumption of potatoes is around 200 g head−1 day−1)
MRL for CIPC should not go beyond 15 ppm (Table 1).
But even with the MRL of CIPC at 15, 10 and 5 ppm,

people with body weight less than 60, 40 and 20 kg, re-
spectively are at the risk of consuming higher levels of
CIPC.

It is true that the quantity and the form in which the CIPC-
treated potatoes are consumed (fresh and/or processed prod-
uct) govern the extent to which an individual will be exposed
to CIPC. From the above examples that include different na-
tions with different food habits and in different geographical
locations, it is evident that even with the lower recommended
MRL of CIPC i.e., 5 and 10 ppm, people can be at risk of
higher intake of CIPC. This can happen at least during certain
period of year when the availability of potato is totally met
from the stored and CIPC treated potatoes. Considering the
MRL of 10 ppm for CIPC in potato tuber, countries with
potato consumption of around 500, 300 and 200 g
head−1 day−1 are possibly at risk of taking in higher levels of
CIPC if people with body weight of 100, 60 and 40 kg, re-
spectively are consuming the CIPC-treated potatoes equiva-
lent to their national average. Taking into consideration the
point number 2 as stated above and the data presented in
Table 1, it can also be presumed that people in countries like;
Malawi, Belgium, Lithuania, Kyrgyzstan, United Kingdom
(UK), Rwanda, Romania, Latvia, Ireland and Peru are at the
risk level in between the countries consuming 300 and 200 g
of potatoes per head on daily basis.

It is important to mention here that 1) Sweden (even with
160 g of per capita consumption per day) has imposed ban on
the use of CIPC ( Gomez-Castillo et al. 2013), 2) Mexico
(with 37 g of per capita consumption per day), which is one
of NAPPO country, has not registered any sprout inhibitor for
its use on potato (NAPPO 2013), 3) In Netherlands (with
257 g of per capita consumption per day) and Switzerland
(with 114 g of per capita consumption per day), S-carvone is
also used as potato sprout suppressant at commercial scale and
it is marketed with the trade name BTalentTM^ (Gomez-
Castillo et al. 2013) and 4) Sakaliene et al. (2009) is of the
view that until there has been refinement of risk assessment
and risk management of the CIPC residues along with an
estimation of possible adverse effects of CIPC on the vulner-
able groups such as infants and children, the emphasis should
be placed on the use of those cultivars that can be stored
successfully up to 6 months and longer without any treatment
of CIPC. But, keeping in view the effectiveness, widespread
use, well established commercial base and non-availability of
any other sprout suppressant that can be considered equivalent
to CIPC, the use of CIPC is continue. In fact, there are efforts
which insist on retaining the use of CIPC in the supply chain
of potatoes (Potato Council 2013) and its re-registration not
only on the basis of its efficacy to control the sprouting in
stored potatoes but also by telling that the use of CIPC on
potatoes will continue to be deemed safe (Kippley 2012). In
UK, a group named as PICSG (The Potato Industry CIPC
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Stewardship Group) has started a drive BBe CIPC Compliant^
in 2013 (http://www.cipccompliant.co.uk/stewardship/, http://
www.cipccompliant.co.uk/, http://www.fwi.co.uk/articles/22/
07/2013/140121/potato-industry-launches-cipc-stewardship-
plan.htm, http://www.fwi.co.uk/articles/05/09/2013/140592/
new-campaign-on-the-correct-use-of-cipc-in-potato-stores.
htm). This group consists of potato growers, contractors,
industries (including Potato Council), processors, regulatory
body, research institute etc. The main objective and plea of
this group is to make efficient and best use of CIPC as sprout
suppressant for stored potatoes. Today, this objective of the
PICSG has in fact become more relevant and essential. This
need to be implemented world over and in this article, same is
being substantiated below by highlighting safety issues and
concerns that are now clearly linked with the continuous and
long-time use of CIPC on potatoes.

Some important safety issues and environmental concerns
related with CIPC

World over, continuous use of CIPC (as a sprout suppressant
on potatoes) for a period of more than 50 years and that too at
commercial scale (Marth and Schultz 1952; Gomez-Castillo
et al. 2013) has brought in some pertinent issues which are
related directly to the safety of human, animal, water and
environment. Some of such issues are described below.

& CIPC belongs to group of pesticides known as carba-
mates. CIPC is applied by thermal fogging and this step
causes not only the thermal degradation of CIPC but also
the breakdown of CIPC. Carbamates break down to ani-
line based derivatives which have high toxicity profile
(Balaji et al. 2006). One of such breakdown product of

CIPC is 3-chloroaniline (3-CA) and being aniline based
derivative this is considered more polluting and highly
toxic than the parent compound itself (Park 2004; Orejuela
and Silva 2005; Balaji et al. 2006; Sihtmaee et al. 2010;
Smith and Bucher 2012). As per Mohammed et al. (2014,
2015), 3-CA is aromatic amine and dangerous to human
and environment. The potential/possible danger with re-
spect to 3-CA can be realized from the fact that other 2
derivatives of aniline i.e., 2-chloroaniline and 4-
chloroaniline are already classified as hazardous sub-
stances which are possibly carcinogenic to humans
(Sihtmaee et al. 2010; Smith and Bucher 2012). The big
concern over 3-CA is because it is structurally similar to 4-
CA but at the same time chemical structure of CIPC is
such that 3-CA and not the 4-CA is produced as one of
the metabolic products (Mohammed 2012). In 2012, the
European Commission recommended that both CIPC and
3-CA need to be included in the maximum residue level
value (MRL) to assess the consumer exposure to pesticide
residues in and on food of plant and animal origin (Euro-
pean Commission 2012). As per Mohammed (2012) as
well, there are growing concerns not only regarding the
safety profile of CIPC but for its degradation products
mainly the 3-CA. It is suggested that the high temperature
(300–600 °C) of the fogging machine and the contact of
CIPC with the metallic surfaces (aluminum pipe of the
fogger) mediate the degradation of CIPC via pyrolysis.
This thermal degradation (fragmentation and/or rearrange-
ment) is accompanied with the formation of 3-CA (Heikes
1985; Worobey and Sun 1987; Nagayama and Kikugawa
1992; Camire et al. 1995; Park et al. 2009; Przybylski and
Bonnet 2009; Paiga et al. 2009). Repeating the application
of CIPC during long storage periods not only lead to

Table 1 Maximum quantity of
potato (in gram) a person can
consume on daily basis to reach
up to the proposed levels of
Acceptable Daily Intake Limit
(ADIL) of 0.05 mg kg−1 of body
weight day−1for different
MaximumResidue Limits (MRL)

Body weight of an individual (kg) MRL (mg kg−1 of tuber fresh weight or ppm)

5 10 15 30 50

5 50 25 17 8 2

10 100 50 33 17 4

20 200 100 67 25 6

30 300 150 100 33 8

40 400 200 133 42 10

50 500 250 167 50 12

60 600 300 200 58 14

70 700 350 233 66 16

80 800 400 267 75 18

90 900 450 300 83 20

100 1000 500 333 91 22

Data in the table are generated based on the values of MRL and ADIL as documented by EPA (1996); Anon-
ymous (1997); EPA (2002a), (2002b); Anonymous (2002); Chlorpropham (2003); Kleinkopf et al. (2003); HSE
(2009); McGowan et al. (2009); EFSA (2012); NAPPO (2013)
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Table 2 Per capita consumption of potatoes and potato products in some countries/regions of the world during the year 2011

Country/region Consumption of potatoes and potato products (g head−1 day−1)

Belarus 507

Ukraine 383

Poland 314

Estonia 312

Russian Federation 305

Kazakhstan 296

Malawi 293

Belgium 290

Lithuania 279

UK, Kyrgyzstan, 276

Rwanda 274

Romania 272

Netherlands (Holland) 257

Latvia 254

Ireland 247

Peru 226

Canada 215

Bosnia & Herzegovina, Nepal 206

Azerbaijan 197

Germany 194

Chile 185

Finland 183

Bolivia, Czech Republic 181

Greece 179

Lebanon 178

Algeria 177

Spain 170

Luxembourg 168

Iran, Malta 167

Republic of Moldova 165

Denmark 164

Hungary, Iceland 162

Austria, Sweden 160

Portugal 159

The former Yugoslav Republic of Macedonia 158

USA, Norway 152

France 149

Lesotho, Uzbekistan 148

Slovakia 147

New Zealand 145

India 69

Europe 198

European Union 191

America 89

Oceania, Asia 76

Africa 27

Total World 95

Source: FAOSTAT (2013b)
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higher levels of 3-CA but also its higher binding to the
potato tuber (Mohammed 2012).

& The dietary risk of herbicide and its metabolites cannot be
assessed accurately if the residues remain strongly bound
to the potato. Strong binding of 3-CA to potato is already
reported (Skidmore et al. 2002; Mohammed 2012). This
further raises the seriousness of this toxin and its toxico-
logical implications.

& In addition to the above said thermal degradation, micro-
bial degradation (mediated by bacteria) of applied CIPC
also results in the formation of 3-CA during prolonged
storage especially in the condition of highmoisture (which
usually prevails in storage environment recommended and
practiced for potatoes) (Wolfe et al. 1978; Kleinkopf et al.
1997; David et al. 1998; Park et al. 2009; Verhagen et al.
2011).

& 3-CA is also present as a minor manufacturing impurity/
contamination in CIPC formulation (0.05 % of CIPC by
weight) (Worobey and Sun 1987; Park et al. 2009). The
basic reason for this is the use of 3-CA as one of the
substrate along with isopropyl chloroformate for the com-
mercial production of CIPC.

& Once CIPC enters in human/mammals, animal and plant/
potato tubers, it degrades into metabolites such as 3-CA;
isopropylN-4 hydroxy-3-chlorophenyl carbamate; isopro-
pyl-N-5-chloro-2-hydroxyphenyl carbamate; 3, 3′-
dichloro azobenzene; p-methoxy-chlorpropham; 3-
chloro-4 hydroxyaniline; 3-chloro-4 methoxyaniline; 1-
hydroxy-2 propyl-3-chlorocarbanilate and 3 ′-
ch lo roace t an i l i de ; i sop ropy l N- (3 -ch lo ro -4 -
methoxyphenyl) carbamate; isopropyl N-(3-chloro-4-
hydroxyphenyl) carbamate etc. (Davis et al. 1977; Kidd
and James 1991; Carrera et al. 1998; Orejuela and Silva
2005; Balaji et al. 2006; Smith and Bucher 2012). These
metabolites are reported to be cytolytic, highly toxic, car-
cinogenic, cause reduction in ATP synthesis, bring about
modifications in cell permeability besides being pollutants
(Davis et al. 1977; Heikes 1985; Worobey and Sun 1987;
Worobey et al. 1987; Kidd and James 1991; Carrera et al.
1998; Balaji et al. 2006; Smith and Bucher 2012). Out of
these metabolites of CIPC, 3-CA is one of the metabolites
which are also produced in mammals on consumption of
CIPC. Approximately 20 % of CIPC taken in by mamma-
lian body may get metabolized into 3-CA.

& CIPC is slightly volatile (NAPPO 2013) and as described
above, tuberes can also metabolize it slowly into the com-
pounds which are more toxic than CIPC itself. This vola-
tilization and breakdown of CIPC reduces the efficacy of
CIPC in two ways 1) effective CIPC available in the tuber
is reduced and 2) the metabolites produced show either
little or no sprout suppression ability.

& It was noticed by Nagayama and Kikugawa (1992) that
putting the CIPC in soybean oil and heating it at 180 °C

give rise to a gradual decrease in CIPC with an accompa-
nying production and increase in the levels of 3-CA. This
suggests that frying of CIPC treated potatoes (during pro-
cessing) results in the degradation of CIPC into 3-CA
(Park 2004; Worobey and Sun 1987; Worobey et al.
1987; Park et al. 2009).

& Recent work on the kinetics of degradations of CIPC
and also its metabolites (by hydrolysis, biolysis, pho-
tolysis and thermal processes) and their partitioning in
air, water and soil indicated vast differences in the lab
and field conditions (Smith and Bucher 2012). Under
lab conditions, there is usually overestimation of deg-
radation. This therefore necessitates for looking into
the actual kinetics as a part of decision making pro-
cess by the regulatory agencies in deciding the MRL
and ADIL of CIPC.

& Occasionally, application of CIPC to control sprouting can
fail or remains inefficient to control the sprouting. Timing
of CIPC application is critical to its success in suppression
of sprout growth. Late or untimely application of first or
second application of CIPC produces mixed results rang-
ing from adequate sprout inhibition to complete failure
(Kleinkopf et al. 2003; Park 2004; Park et al. 2009). This
situation may put the demand/pressure for additional ap-
plication of CIPC and that too at still higher dose. This in
turn will enhance the residue level of CIPC in the tubers.

& CIPC blocks the spindle formation and in doing so the
process of cell division (mitosis) is inhibited (Ashton
and Crafts 1981; Vaughn and Lehnen 1991; Kleinkopf
et al. 2003). In this way, absence of cellular division pre-
vents the sprouting.With this mode of action, CIPC in fact
targets the very essential and an indispensible cellular pro-
cess which is very basic and common to both, plants and
animals. Besides this, CIPC also causes the alteration in
cellular structure and functions.

& CIPC is very less soluble in water (89 mg per litre) and
therefore it requires organic solvents (like; methanol or
dichloromethane) for its application as a fogging treat-
ment. Heavy use of these solvents not only adds to the
toxicity status but also impose the risk on the personnel
involved in treating/fogging application and to the imme-
diate environment.

& As already stated above that CIPC has only limited
solubility in water but even with this little solubility
its residue in the washed water contaminate water bod-
ies and environment (Park 2004). There are growing
levels of contamination to the environment, soil and
water bodies with the breakdown products/metabolites
of CIPC is a matter of more serious concern, especial-
ly with respect to 3-CA (Angioi et al. 2005). This is
due to low degradation of 3-CA. It is also important to
mention here that in comparison to CIPC, solubility of
3-CA is quite high in water (5,400 mg L−1).

J Food Sci Technol (January 2016) 53(1):1–18 9



& CIPC is among the three pesticides which has been found
in the highest concentrations in the diet of the average
American and comprises 90% of the total synthetic chem-
ical residue in US potatoes and in this way also it is going
to be a health concern (Gunderson 1988; Prange et al.
1997; Daniels-Lake et al. 2011). Recent literature points
out clearly that the CIPC residue left in the tuber is harm-
ful for human body (El-Awady Aml et al. 2014) and new
legislation is also limiting the use of CIPC (Cools et al.
2014). The reason for such an impact of CIPC can be
understood in a more clear way from the following data.
The approved limit of CIPC application per tonne of po-
tatoes (meant for processing, during the season) is 63.75 g
(Mohammed 2012). An average sized potato store of 1,
000 tonnes could potentially be treated with 63.750 kg of
CIPC (Smith and Bucher 2012). Now assuming the latest
MRL (the legal maximum) for CIPC as 10 mg CIPC kg−1

of potatoes as set by HSE (2009), about 53.750 kg of the
CIPC chemical is unaccounted for in a storage season.
This shows that vast amount of CIPC is lost to the store
fabric, atmosphere, soil and water (Smith and Bucher
2012). With the above practice in use the buildup levels
of CIPC has kept on increasing year after year.

& A few criteria have been laid for a potato sprout suppres-
sant that can be considered as ideal by many workers
(Beveridge et al. 1981a; Vaughn and Spencer 1991;
Teper-Bamnolker et al. 2010). These criteria include 1)
The chemical should effectively inhibit sprouting under
commercial storage, 2) The chemical should have mini-
mum effect on the quality parameters of the potatoes
(weight loss, sugar content, appearance etc.), 3) There
should be low toxicity of the sprout suppressant and its
residues do not cause problems to humans, 4) The chem-
ical should break down rapidly and it need to be environ-
mentally friendly. Our updated understanding on CIPC as
of today indicate it clearly that first two criteria are being
met by CIPC but definitely there are problems, issues and
growing concerns with respect to last two criteria.

& Isopropylphenyl carbamate (referred as IPC or propham)
is also an herbicide which belongs to the same class as
CIPC. Initially, it was also in use commercially to prevent
sprouting (mostly in combination with CIPC) but now its
application has been banned in most of the countries. IPC
is also not supported in the countries of European Union
(EU) due to ecological concern (Mohammed 2012).

& With respect to CIPC it is also true that among the herbi-
cides it is very toxic to worms and relatively more harmful
to birds, fishes and other aquatic animals, environment
and ecosystem (Kidd and James 1991; EXTOXNET
1996; Anonymous 1997; Anonymous 2002; Kleinkopf
et al. 2003; Greene and Pohanish 2005; O’Neil et al.
2006; HSE 2009; Safety Data 2009; MSDS 2009; Paul
et al. 2014). Both, CIPC and 3-CA are categorized under

List I and Hazardous Substances which should be avoided
in ground water (EPA 2010). As per European Communi-
ty Pollutant Circular No 90–55 (1990), 3-CA is recog-
nized as a toxic water pollutant and harmful to aquatic life
(David et al. 1998).

& About 60 % of the total potato production is used for
human consumption and remaining 40 % is used for other
purposes including animal feed, seed tubers, industry and
pharmaceutical products (Topcu et al. 2010). Here it be-
comes important to mention that use of CIPC treated po-
tatoes as feed may also pose health risks and safety con-
cerns for animals as well.

In view of the above listed facts, recent understanding on
toxicological aspects, potential risks and growing concerns -
CIPC and its metabolites needs to be handled and used in a
more judicious way because there is potential impact and im-
plications of the CIPC and its metabolites on humans and
environment. Inferences drawn above in point number 1 and
2 (although not based on actual trials and sampling) appear to
be relevant and factious in view of the critical details presented
above for CIPC and its metabolites.

Increasing the efficacy of CIPC as sprout suppressant
and reducing its residue in potatoes

Contamination of store fabric, food chain, water/ground water
bodies with CIPC and its metabolites has emerged as a serious
concern. Decreasing the degradation of CIPC into its toxic
metabolites and increasing the efficacy of CIPC further for
its ability to suppress the sprout growth are the two possible
options that can be utilized to tackle the problems associated
with CIPC. It is suggested that the concentration of CIPC
breakdown product, for example 3-CA, can be reduced by
modifying the process of fogging. This can be done by low-
ering the fogging temperature and avoiding the metal pipes
(used to carry CIPC fog into the potato store). The formation
of 3-CA in the air samples during fogging was found to be
abolished at burning temperature of 190 °C. This was in sharp
contrast when usual burning temperature of 600 °C was used
(Mohammed 2012). This modification however would not
reduce the levels of 3-CAwhich is formed due to the microbial
degradation and this aspect therefore need to be resolved. UK
Potato Council [Sutton Bridge Experimental Unit (SBEU)] in
collaboration with the University of Glasgow and others ini-
tiated the studies to improve the efficiency of sprout control by
CIPC. Best practice guidelines for the most effective use of
CIPC are being made available and these are also updated
regularly [www.potato.org.uk and www.assuredproduce.co.
uk/Aproduce/]. The guidelines usually include store layout,
application methods, dose, timings of CIPC treatments,
deposition and decline rates etc. In view of the current
situation, enhancing the efficacy of CIPC further should be a
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priority area of research. Innovative refinements in the
instrumentation and delivery system will also contribute
significantly in achieving the above objectives.

It is reported that large amounts of field soil if remains
adhered around the harvested tubers than it can impair the
distribution of the CIPC vapour. This not only reduces the
efficacy of CIPC treatment as sprout suppressant but it also
leads to non-uniformity in treatment (NAPPO 2013). This
aspect needs to be taken care by managing the harvesting
and field related practices. It has been seen that second or even
third application of CIPC for satisfactory control of sprouts for
long-term storage are governed primarily by factors such as
cultivar or extent to which potato faced the stresses. In this
direction, suitable variety selection, agronomic practices and
postharvest management practices in the form of a time sched-
ule can be of immense help in either skipping or minimizing
the number of CIPC applications. It has been noticed that a
single aerosol application of CIPC @ 20 to 25 g per tonne of
tubers provide effective sprout control up to 9 months in va-
riety Russet Burbank when stored at 7.2 °C (NAPPO 2013).
This variety specific response need to be investigated so that
we can come to know the very basis of this. If this is because
of some varietal feature/s of Russet Burbank then efforts can
be taken up in the direction of incorporating such feature/s into
other varieties as well. Besides providing new physiological
and biochemical understanding, such work will significantly
contribute in reducing the residues of CIPC in the treated
potatoes.

Enhancing the natural dormancy period of potato tubers
from its present duration of 2 to 4 month (depending on the
temperature that prevails after the harvest and variety) to 4 to
6 months or even more can also be one of the indirect ap-
proaches. This is an interesting area of work as this will prove
to be highly beneficial in reducing the frequency of CIPC
treatment to the stored potatoes. Further, there is a need to
look for the possibility of using some carriers with CIPC for
enhancing its delivery and uptake by the stored potatoes. Sci-
entific information generated from the studies pertaining to
the steps like; washing with water, soaking in solutions of salt
and some chemicals (chlorine, chlorine dioxide, hydrogen
peroxide, ozone, acetic acid, hydroxy peracetic acid,
iprodione and detergents), peeling, trimming, blanching, boil-
ing, frying cooking, steaming and canning etc. can assist in
degrading and removing of the applied agrochemical from the
edible commodities before their consumption (Sakaliene et al.
2009; Keikotlhaile et al. 2010; Bajwa and Sandhu 2014). The-
se aspect need to be refined and standardized so that the res-
idue levels of CIPC and its breakdown products can be re-
duced to the maximum possible extent.

CIPC is reported to undergo volatilization and get degraded
if expose to UV radiation (Bradshaw and Ogilvy 2006). So,
attempts need to be made to look into the possible use of UV
radiation mediated degradation of CIPC via titanium dioxide

coating (as such or with nano particles, when exposed to UV
light). This method and procedure is already in use for break-
ing down the volatile organic compounds (VOCs) into CO2.
So, such method can be utilized to decontaminate the storage
space from the unused and accumulated CIPC and its metab-
olites when the facility is not in use. This strategy may prove
useful in reducing the overall built-up of CIPC and its metab-
olites due to continuous use of CIPC for number of years.
Some of other novel ways of reducing the levels of residue
(either CIPC or its metabolites) also need to be developed and
tested for CIPC-treated tubers as well. This can then be ap-
plied either when the storage period of potatoes is over or just
prior to the consumption/utilization of potatoes by processing
industry.

The time laps after the CIPC treatment is known to de-
crease the residue level of CIPC in the tubers. So, one way
that can make the use of CIPC more safe is by strictly follow-
ing the schedule and regulations with respect to the time gap
that need to be maintained between the last CIPC treatment
and the time when the potatoes are to be sent to the market.
For CIPC, such details are known but similar details are by
enlarging missing for different toxic products/metabolites that
are formed from CIPC and also present in the CIPC-treated
potatoes. This aspect therefore needs to be investigated so that
appropriate guidelines and recommendations can be made
available in future. Another important area is to search for
alternatives of CIPC. Considerable work has been done and
is in progress. This aspect is therefore, described below in
detail.

Alternatives of CIPC and possibility of integrated
and effective use in combinations

Over a period of time, researchers have gradually become
aware of some of the practical, technical, safety related prob-
lems and issues linked with the use of CIPC. Attempts are
therefore being made to find out some alternative to CIPC that
can be safer, applied more easily and also cost-effective
(Sawyer and Thorne 1962; Beveridge et al. 1981a, b; Weerd
2005; Gomez-Castillo et al. 2013; Paul et al. 2014). Sprout
suppression by long-chain alcohols was reported by Burton in
the year 1956 (Burton 1956). The C9 alcohols were effective
in controlling the growth of sprouts however the alcohols with
branched chain were found to be ineffective (Sawyer and
Thorne 1962). Later on, Meigh (1969) and Burton (1989)
reported that compounds containing 9–10 carbon atoms per
molecule were effective in suppressing the sprout growth.
Nonanol (3, 5, 5-trimethylhexan-1-ol) suppressed sprout
growth but its suppressive effect was not persistent as the
sprout growth was noticed again within 2–3 weeks (Burton
et al. 1992). Many other chemicals including cineole and
fenchone (Vaughn and Spencer 1991), lavender, sage and
rosemary essential oil (Vokou et al. 1993), maleic hydrazide
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(MamaniMoreno et al. 2012), short-chain alcohols, aldehydes
such as salicylaldehyde, benzaldehyde, cinnamaldehyde, ali-
phatic aldehydes, ketones, derivative of phenoxy acetic acid
(Vaughn and Spencer 1993; Paul and Ezekiel 2002),
triadimefon (Paul and Ezekiel 2003c), volatile mono-
terpenes like 1, 8-cineole and eucalyptus oil (Vaughn and
Spencer 1991; Knowles and Knowles 2007), essential oils like
caraway (Hartmans et al. 1995; Oosterhaven et al. 1995; Sorce
et al. 1997; Sanli et al. 2010; Teper-Bamnolker et al. 2010;
Rentzsch et al. 2012; Gomez-Castillo et al. 2013), peppermint,
spearmint, clove oil, mint oil (Kleinkopf et al. 2003; Rentzsch
et al. 2012; Teper-Bamnolker et al. 2010; Gomez-Castillo
et al. 2013), mono, di and trimethyl-naphthalenes,
benzothiopenes, menthone and neomenthol (Coleman et al.
2001), mentha oil (Mehta and Kaul 2002), essential oils from
fresh aerial parts ofMentha spicata (Chauhan et al. 2011) and
formulation of essential oils fromChenopodium ambrosioides
and Lippia multiflora (Owolabi et al. 2010) were tested and
found to suppress the sprouting and sprout growth. Chemicals
like; ethylene (Prange et al. 2005, 1997, 1998; Daniels-Lake
et al. 2005), ozone ( Daniels-Lake et al. 1996), glyphosate
(Paul and Ezekiel 2006a, 2006b), hydrogen peroxide (Afek
et al. 2000; Kleinkopf et al. 2003; Bajji et al. 2007), 1, 4-
dimethyl naphthalene 1, 4-DMN (de Weerd et al. 2010;
Campbell et al. 2010; Canada 2011; Potato 2012), 2, 6-
diisopropyl naphthalene (2, 6-DIPN) (Lewis et al. 1997) were
also tested to control the sprout growth on potatoes. Ethyl
ester of 2, 4-dichlorophenoxy acetic acid (2, 4-D), ethyl ester
of 2, 4, 5-trichlorophenoxy acetic acid (2, 4, 5-T), imazethapyr
and glyphosate are herbicides like CIPC and they are also
reported to be effective and better than lower alcohols and
acetaldehyde in suppressing the sprout growth on potatoes
(Burton 1989; Burton et al. 1992; Tayler et al. 1996; Paul
and Ezekiel 2002; Paul and Ezekiel 2006a, b; Paul et al.
2014; Hutchinson et al. 2014). Perhaps in view of either prac-
tical problems or due to issues related to human health and
environment safety further work with these herbicides as an
alternative to CIPC was not taken up. In addition to above
described sprout suppressants, suppression of sprout growth
has also been demonstrated by the use of γ radiations (Ezekiel
et al. 2008; Olsen et al. 2011; Rezaee et al. 2011; Lu et al.
2012a, b) and UV-C light (Cools et al. 2014).

Studies on the possibilities of replacing the CIPC with nat-
urally occurring compounds showed that in spite of great deal
of work on various options so far none of the option has
assumed wide spread use, commercial angle and acceptability.
Till today, we do not have either equivalent or better alterna-
tive than CIPC (Mohammed 2012). It is true that most of the
available alternatives of CIPC provide only short-term and
reversible sprout suppression and therefore they are not good
candidates for long-term storage of potatoes. Lesser efficacy,
frequent/multiple applications and higher cost in comparison
to CIPC are the main demerits for most of the other sprout

suppressants. For long-term storage, most of the alternatives
need to be applied number of times and this will result in cost
escalation beyond a feasible limit. DavidWalker, Chairman of
FPSA (The Fresh Potatoes Suppliers Association), stated that
alternatives of CIPC play a more significant role in sprout
suppression on fresh potatoes but, CIPC is critical and there
is no complete alternative solution (Potato 2013). Likewise,
Director-General Richard Harris of PPA (The Potato Proces-
sor’s Association) said that for the long-term storage of pro-
cessing potatoes the potato industry is totally dependent upon
CIPC. According to him the sector would witness devastation
if potatoes are not supplied for 52 weeks of the year (Potato
2013). From the point of potato industry and the people who
are directly or indirectly associated with it, utility as well as
dependency on CIPC can be understood. But at the same time,
it should also need to be realized that continuous and long-
time dependence on only one type of sprout suppressant is not
wise and that too when issues related to toxicity, acceptable
residue levels and safety aspects have been raised and becom-
ing more clear.

Use of an integrated approach to control the sprout for
long-term is suggested by making use of CIPC in conjunction
with other sprout suppressants by Bradshaw and Ogilvy
(2006). This can help in reducing the residue levels of CIPC.
An alternative to CIPC that does not interfere with wound-
healing can be applied early and may prove more effective for
varieties that exhibit short dormancy duration. Introduction of
alternative/s will definitely help in reducing the present dose
and/or frequency of CIPC treatments and this in turn will
reduce the residue levels of CIPC in the tubers. In this way,
CIPC and alternative sprout suppressants can offer a viable,
cost-effective, safer and environmentally friendly approach.
This will reduce not only the residue levels of CIPC but also
the levels of its degradation products/metabolites which pose
more risk to health and environment. In USA, sprouting is also
managed with application of 1, 4 DMN consecutively with
CIPC. The CIPC is applied first (16–22 g per tonne of potatoes
one time as a single application) and then the 1, 4-DMN is
applied. In comparison with the CIPC treatment alone; 1, 4-
DMN is found to be effective in achieving adequate suppres-
sion of sprouts on potatoes if potatoes are previously treated
with CIPC (Kleinkopf et al. 2003; Campbell et al. 2010). Now
for long-term control of sprouting, in addition to the prehar-
vest treatment of potato crop with maleic hydrazide, CIPC can
be applied to the harvested potatoes during the storage
(NAPPO 2013). The possibility and prospects of using pre-
harvest foliar application of glyphosate as an additional or
alternative/supplementary to CIPC as sprout suppressant are
explored by Paul et al. (2014). S-carvone is another sprout
suppressant. It is a natural volatile that leaves little or no res-
idue. It is costly and therefore usually it is used in organic
potato stores ( Teper-Bamnolker et al. 2010; Rentzsch et al.
2012). Output and outcome of recent research towards the
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refinement of instrumentation and application methodologies
with worked out sequence of treatments with different sprout
inhibitors (one after another) will help in reducing the appli-
cation rates of CIPC.

3-Decen-2-one (an unsaturated ketone) has been found to
exhibit sprout suppression ability. Presently, it is permitted in
the USA as a flavouring agent in foods. Registration of this
compound as a potato sprout inhibitor is underway in both
Canada and the USA. This compound causes physical damage
to the sprouts and provides season-long control with only a
few applications. Aerosol applications will give approximate-
ly 3 to 8 weeks of sprout control depending upon variety and
storage temperature. Inhibitory effect of 3-decen-2-one is not
permanent and therefore the tubers will eventually re-sprout.
Several other compounds like salicylaldehydes, jasmonates
and farnesene have also been added to the list of compounds
that can inhibit the sprouting of potato. They are effective but
none of them have a lasting effect. Therefore, search for ef-
fective and viable alternatives of CIPC need to be looked and
probed with new angles and ideas.

Recently, a new type of potato sprout inhibitor was discov-
ered at Washington State University by Rick Knowles and
Lisa Knowles. This patented inhibitor is also approved for
commercial use in US (Knowles 2013). This chemical has
been registration for its use in Canada and Europe. The inhib-
itor is reported to be a naturally occurring molecule and it is
classified as biopesticide by EPA. As per report, the inhibitor
offers safe, comprehensive long-term storage control and re-
quires no capital investment by the consumers as it can be
easily applied using existing equipment. For commercial

and rights for its marketing is owned by AMVAC (American
Vanguard Corporation). Investigations have revealed that one
application of this chemical inhibits sprouting for 2 to
3 months. Two to three applications provide effective sprout
suppression for full season (8 to 9 months) and that too with
little residue.

Conclusions and way forward

Suitability of potatoes for long-time storage makes them one
of the most important foods worldwide and in one way com-
parable to that of grains. It has been suggested that potatoes
can be an alternative for costly cereal crops because potatoes
are traded globally while cereals are not (IPY 2008; FAO
2008; Lutaladio and Castaidi 2009). Prolonged storability of
potatoes and availability of different storage options enables
the potato processing industry to operate round the year. With
these advantages and ability of potato to get adaptive to a wide
range of climatic conditions and soil types (Burlingame et al.
2009; Ghazavi and Houshmand 2010; Topcu et al. 2010), it is
now realized that potato is world’s single most important tuber

crop with a vital role in the global food system. With these
benefits it is quite obvious that in future potato is going to play
a major role in contributing to food and nutrition security,
poverty alleviation, environmental conservation and sustain-
able development.

One of the most important requirements of harvested
potatoes is timely and proper storage. It is in this context
that aspects associated with potato storage are very cru-
cial. Today world over the most prevalent long-term (6 to
9 months) storage method for potatoes is at temperature of
8–12 °C (85–90 % RH) along with the use of CIPC as
sprout suppressant. The time line of information generated
on potato for a period of over 60 years is described and
discussed in this article by covering various aspects in-
cluding; postharvest management, storage problems, accu-
mulation of reducing sugars, CIS, darkening of fried prod-
ucts, storage methods, CIPC as sprout suppressant, merits
and demerits of CIPC and its continuous use on potatoes
during storage, search for alternatives of CIPC, enhance-
ment in our understanding on the toxicological profile of
CIPC especially its metabolites/degradation products (pro-
duced at the time of its fogging due to high temperature of
fogger), uptake of these products by the stored potatoes,
formation of CIPC degradation products in potatoes (dur-
ing storage) and in human/mammals (on the consumption
of CIPC treated potatoes). The information revealed very
clearly that the use of CIPC has provided the required
boost and support to the potato production and potato
based processing industries but at the same time it has
also gradually made us over-dependent on its use as a
potato sprout suppressant.

Keeping in view the versatility of potato as a crop and its
diverse uses there will be further increase in the consumption
of potatoes and potato products in many countries including
the developed and developing countries (IPY 2008; FAO
2008). The information available till date and the data present-
ed here on the MRL and ADIL of CIPC do point out the
problems linked with the residue of CIPC and its harmful
metabolites. Studies have already reported that toxicological
evaluation of CIPC as tested and documented under lab con-
ditions is an underestimation. At present, there is wide varia-
tion in the quantity of potatoes that is consumed by the people
living in different countries. This thereby suggests that param-
eters likeMRL and ADIL need to be country specific (in view
of their food habits and food consumption patterns). In this
context, it is important that different regulatory agencies
should take initiative and relook into the criteria on which
parameters like; MRL and ADIL are fixed, advocated and
recommended. Fixing of these limits need to be evaluated
by taking into consideration not only the CIPC but also the
metabolite/s produced by CIPC. This aspect is in fact already
highlighted by Gonzalez-Rodriguez et al. (2011); Smith and
Bucher (2012); and European Commission (2012). Such

J Food Sci Technol (January 2016) 53(1):1–18 13

use, the trade name given to this inhibitor is SmartBlock®



inclusions should not remain restricted only to one particular
harmful degradation product/metabolite but to all such toxic
breakdown products/metabolites which are and can be formed
or present in response to the treatment of a given sprout sup-
pressant. Breakdown products/metabolites can be formed as a
result of metabolism in the treated commodity itself or later in
the humans on the consumption of treated commodity. Such
an approach will also be needed for other agrochemical/
pesticides as well.

In future, a viable, effective and low-cost alternative to
CIPC for potato sprout suppression will definitely be needed.
But till then, importance needs to be given to the concept of
using at least two different types of sprout suppressants (use of
CIPC with another sprout suppressant, one after another in a
required sequence). This aspect needs to be disseminated
widely by developing suitable combination/s depending up
on the need, situation, feasibility, location, cost, acceptance
and preference etc. Time has come when more serious R &
D is required for enhancing the effectiveness and efficacy of
CIPC. Guidelines for most effective use of CIPC as intro-
duced and also updated regularly byUK need to be introduced
in other countries as well. This is important as this will help in
curbing the indiscriminate use of CIPC (in terms of use of
higher doses and more than the required number of applica-
tions). These changes will help in reducing the overall dose of
CIPC and its residue in tubers.

The final practical output of various investigations that
aimed to understand the CIS and making the potato resistant
to CIS is still awaited in terms of actual practicalities and
large-scale applicability across the countries. If this can be
achieved, then the potatoes can be stored up to 8 to 9 months
at low temperature (2–4 °C) and that too without any use of
sprout suppressant. But again, this option is more energy/
power dependent besides being costly. These aspects will
make it less available, assessable and acceptable in developing
and third world countries of the world. Therefore, it is neces-
sary to store the potatoes with judicious and effective use of
sprout suppressant taking into consideration health and envi-
ronment issues.

Acknowledgments Authors wish to convey sincere thanks to Central
Potato Research Institute (CPRI), Shimla, India; Indian Agricultural Re-
search Institute (IARI), New Delhi, India and the ICAR, the parent orga-
nization, under the Ministry of Agriculture, Government of India. Thanks
are due to the financial support provided by CPRI for the Institute Re-
search Programme BDevelopment of efficient potato storage methods
[P1-1999/16-IPR-F-60/0210] under the Mega Project BEvaluation and
improvement of traditional and modern potato storage methods^. We
further wish to acknowledge the support received from the Department
of Food Processing, Ministry of Agriculture for the project B

Demonstration and training to potato processing industries of im-
proved storage technology for potatoes meant for processing purposes^
and another project ^Monitoring of quality of CIPC-treated potatoes
stored at 10–12 °C for export and processing^ which was jointly funded
by NHB and APEDA. We put forward our apologies and regret for not
citing all the relevant work and literature due to limitation of space.

Conflicts of interest statement The author’s declare that they have no
conflict of interest.

Contributions by the authors VP and RE contributed to research and
writing while, RP contributed in writing and updating the manuscript.

References

Afek U, Orenstein J, Nuriel E (2000) Using HPP (hydrogen peroxide
plus) to inhibit potato sprouting during storage. Am J Potato Res
77:63–65

Angioi S, Polati S, Roz M, Rinaudo C, Gianotti V, Gennaro MC (2005)
Sorption studies of chloroanilines on kaolinite and montmorillonite.
Environ Pollut 134:35–43

Anonymous (1997) NRA special review of chlorpropham, November
(1997). NRA Special Review Series 97.3, Chemical Review
Section, National Registration Authority, Canberra, Australia.
http://www.apvma.gov.au/products/review/docs/chlorpropham_rev.
pdf. Accessed 10 February 2014

Anonymous (2002) CIPC suppliers prepared for residue limit. Potato Rev
(Nov):20–23

Ashton FA, Crafts AS (1981) Mode of action of herbicides, 2nd edn.
Wiley, New York

Bajji M, M'hamdi M, Gastiny F, Rojas-Beltran JA, Du Jardin P (2007)
Catalase inhibition accelerates dormancy release and sprouting in
potato (Solanum tuberosum L.) tubers. Biotechnol Agron Soc
Environ 11:121–131

Bajwa U, Sandhu KS (2014) Effect of handling and processing on pesti-
cide residues in food – a review. J Food Sci Technol 51:201–220

Balaji V, Chandra S, Goswami DA, Das SK, Mandal TK, Chakraborty
AK, Bhattacharyya A (2006) Toxicokinetics, metabolism, and mi-
crosomal studies of chlorpropham in rats. Toxicol Environ Chem
88:527–539

Beveridge JL, Dalziel J, Duncan HJ (1981a) The assessment of some
volatile organic compounds as sprout suppressants for ware and
seed potatoes. Potato Res 24:61–76

Beveridge JL, Dalziel J, Duncan HJ (1981b) Dimethlnaphthalene as a
sprout suppressant for seed and ware potatoes. Potato Res 24:77–88

Blenkinsop RW, Copp LJ, Yada RY, Marangoni AG (2002) Effect of
chlorpropham (CIPC) on carbohydrate metabolism of potato tubers
during storage. Food Res Int 35:651–655

Bradshaw N, Ogilvy S (2006) Food standards agency pesticide residue
minimisation crop guide – potatoes. http://multimedia.food.gov.uk/
multimedia/pdfs/cropguidepotatodec06.pdf. Accessed 15December
2013

Brajesh S, Ezekiel R (2010) Isopropyl n-(3-chlorophenyl) carbamate
(CIPC) residues in potatoes stored in commercial cold stores in
India. Potato Res 53:111–120

Burlingame B, Mouille B, Charrondiere R (2009) Nutrients, bioactive
non-nutrients and anti-nutrients in potatoes. J Food Comp
Analysis 22:494–502

Burton WG (1955) Biological and economic aspects of the refrigerated
storage of potatoes. Proceedings - Institute of Refrigeration 51:168–
172

BurtonWG (1956) Suppression of sprouting of potatoes by the vapour of
alcohols. Nature 178:218

Burton WG (1989) The potato, 3rd edn. Longman Scientific and
Technical Publishers, Essex

Burton WG, van Es A, Hartmans KJ (1992) The physics and physiology
of storage. In: Paul H (ed) The potato crop. Chapman and Hall,
London, pp 608–727

14 J Food Sci Technol (January 2016) 53(1):1–18

http://www.apvma.gov.au/products/review/docs/chlorpropham_rev.pdf
http://www.apvma.gov.au/products/review/docs/chlorpropham_rev.pdf
http://multimedia.food.gov.uk/multimedia/pdfs/cropguidepotatodec06.pdf
http://multimedia.food.gov.uk/multimedia/pdfs/cropguidepotatodec06.pdf


Camire ME, Bushway RJ, Zhao JX, Perkins B, Paradis LR (1995) Fate of
thiabendazole and chlorpropham residues in extruded potato peels. J
Agric Food Chem 43:495–497

Campbell MA, Gleichsner A, Alsbury R, Horvath D, Suttle J (2010) The
sprout inhibitors chlorpropham and 1,4-dimethylnaphthalene elicit
different transcriptional profiles and do not suppress growth through
a prolongation of the dormant state. Plant Mol Biol 73:181–189

Canada (2011) 1, 4-Dimethylnaphthalene. Ottawa, Health Canada Pest
Management Regulatory Agency. http://www.hc-sc.gc.ca/cps-spc/
pubs/pest/_decisions/rd2011-06/index-eng.php. Accessed 23
March 2014

Carrera G, Alary J, Melgar MJ, Lamboeuf Y, Pipy B (1998) Metabolism
and cytotoxicity of chlorpropham (CIPC) and its essential metabo-
lites in isolated rat hepatocytes during a partial inhibition of
sulphation and glucuronidation reaction: a comparative study.
Arch Environ Contam Toxicol 35:89–96

Chandel RS, Singh B, Chandla VK, Sharma PK (2008) Use of CIPC
(Isopropyl N-(3-Chlorophenyl) Carbamate) for the control of potato
tuber moth in country stores. Indian J Potato 35:66–71

Chauhan SS, Prakash O, Padalia RC, Vivekanand, Pant AK, Mathela CS
(2011) Chemical diversity inMentha spicata: antioxidant and potato
sprout inhibition activity of its essential oils. Nat Prod Commun 6:
1373–1378

Chlorpropham (2003) SANCO/3041/99-Final. European Commission:
Health and Consumer Protect Directorate-General. http://ec.
europa.eu/food/plant/protection/evaluation/existactive/list_
chlorpropham.pdf. Accessed 7 January 2014

Coleman WK, Lonergan G, Silk P (2001) Potato sprout suppression by
menthone and neomenthol, volatile oil components of
Minthostachs, Satureja, Bystropogon and Mentha species. Am J
Potato Res 78:345–354

Conte E, Imbroglini G, Bertolini P, Camoni I (1995) Presence of sprout
inhibitor residues in potatoes in relation to application techniques. J
Agric Food Chem 43:2985–2987

Cools K, del Carmen AM, Terry LA (2014) Controlling sprouting in
potato tubers using ultraviolet-C irradiance. Postharvest Biol
Technol 98:106–114

Corsini D, Stallknecht G, Sparks W (1979) Changes in chlorpropham
residues in stored potatoes. Am Potato J 56:43–50

CoxonDT, Filmer AAE (1985) The fate and distribution of chlorpropham
when applied to stored potatoes as a sprout suppressant. Pestic Sci
16:355–363

Daniels-Lake BJ, Prange RK, Kalt W, Liew CL, Walsh J, Dean P, Coffin
R (1996) The effects of ozone and 1, 8-cineole on sprouting, fry
color and sugars of stored Russet Burbank potatoes. Am Potato J 73:
469–481

Daniels-Lake BJ, Prange RK, Nowak J, Asiedu SK, Walsh JR (2005)
Sprout development and processing quality changes in potato tubers
stored under ethylene: 1. Effects of ethylene concentration. Am J
Potato Res 82:389–397

Daniels-Lake BJ, Pruski K, Prange RK (2011) Using ethylene gas and
chlorpropham potato sprout inhibitors together. Potato Res 54:223–
236

David B, Lhote M, Faure V, Boule P (1998) Ultrasonic and photochem-
ical degradation of chlorpropham and 3-chloroaniline in aqueous
solution. Water Res 32:2451–2461

Davies HV (1990) Carbohydrate metabolism during sprouting. Am
Potato J 67:815–827

Davis DG, Hoerauf RA, Dusbabek KE, Dougall DK (1977) Isopropylm-
chlorocarbanilate and its hydroxylated metabolites: their effects on
cell suspensions and cell division in soybean and carrot. Physiol
Plant 40:15–20

deWeerd JW, Thornton MK, Shafii B (2010) Sprout suppressing residue
levels of 1, 4-dimethylnaphthalene (1, 4-DMN) in potato cultivars.
Am J Potato Res 87:434–445

EFSA (2012) Review of the existingmaximum residue levels (MRLs) for
chlorpropham according to Article 12 of Regulation (EC) No 396/
20051. European Food Safety Authority (EFSA) Journal 10:2584.
doi:10.2903/j.efsa.2012.2584. http://www.efsa.europa.eu/
efsajournal. Accessed 11 April 2014

El-Awady Aml A, Moghazy AM, Gouda AEA, Elshatoury RSA (2014)
Inhibition of sprout growth and increase storability of processing
potato by antisprouting agent. Trends Hort Res 4:31–40

EPA (1996) Registration eligibility decision (RED) - Chlorpropham
(EPA-738-R-96-023). http://www.epa.gov/oppsrrd1/REDs/
0271red.pdf. Accessed 25 January 2014

EPA (2002a) Report of FQPA tolerance reassessment progress and inter-
im risk management decision chlorpropham. http://www.epa.gov/
oppsrrd1/REDs/chlorpropham_tred.pdf. Accessed 25 January 2014

EPA (2002b) EPA Completes CIPC Reassessment. Potato Grower. http://
www.potatogrower.com/2002/08/epa-completes-cipc-reassessment.
Accessed 25 January 2014

EPA (2010) Classification of hazardous and non-hazardous substances in
groundwater. Ireland, Environmental Protection Agency. http://
www.epa.ie/downloads/pubs/water/ground/Classification%20of%
20Hazardous%20and%20Non-Hazardous%20Substances%20in%
20Groundwater.pdf. Accessed 22 February 2014

European Commission (2008) Commission Regulation (EC) No. 149/
2008 of 29 January 2008 amending regulation (EC) No. 396/2005
of the European Parliament and of the Council by establishing
Annexes II, III and IV setting maximum residue levels for products
covered by Annex I thereto. European Union, Brussels, 2006. http://
ec.europa.eu/food/plant/protection/pesticides/legislation_en.htm.
Accessed 7 May 2014

European Commission (2012) Commission Implementing Regulation
(EU) No 788 (2012). Concerning a coordinated multiannual control
programme of the Union for 2013, 2014 and 2015 to ensure com-
pliance with maximum residue levels of pesticides and to assess the
consumer exposure to pesticide residues in and on food of plant and
animal origin. Official Journal of the European Union L 235/8.
http://eur-ex.europa.eu/LexUriServ/LexUriServ.do?uri=
OJ:L:2012:235:0008:0027:EN:PDF. Accessed 3 May 2014

Everts S (2012) TheMaillard reaction turns 100. Chem EngNews 90:58–
60

EXTOXNET (1996) Pesticide information profile - Chlorpropham.
Oregon State University, Corvallis, OR, (June, 1996). http://
extoxnet.orst.edu/pips/choropro.htm. Accessed 11 November 2013

Ezekiel R, Singh B (2007) Effect of cooking and processing on CIPC
residue concentrations in potatoes and processed potato products.
Potato Res 50:175–184

Ezekiel R, Paul V, Singh J, Shekhawat GS (1999) Potato storage in India.
Indian Farming 49:21–25

Ezekiel R, Dahiya PS, Shekhawat GS (2002) Traditional methods of
potato storage in the Malwa region of Madhya Pradesh. Technical
Bulletin No. 57, Central Potato Research Institute (CPRI), Shimla

Ezekiel R, Singh B, Kumar D, Paul V (2003) Processing quality and
CIPC residue in potatoes stored at 10–12 °C in commercial cold
stores applying CIPC. Indian J Plant Physiol (Special Issue): 489–
494

Ezekiel R, Mehta A, Singh B, Kumar D, Kumar NR, Paul V, Das M
(2005) CIPC [Isopropyl N-(3-chlorophenyl) carbamate] for sprout
suppression in potatoes during storage. Technical Bulletin No. 69,
Central Potato Research Institute (CPRI), Shimla

Ezekiel R, RaniM, Kumar D (2007a) Chipping quality of potatoes stored
at 8–20 °C under controlled conditions. Potato J 34:174–179

Ezekiel R, Singh B, Kumar D, Mehta A (2007b) Processing qualities of
potato varieties grown at two locations and stored at 4, 10 and 12 °C.
Potato J 34:164–173

Ezekiel R, Singh B, Datta PS (2008) Chipping quality of γ-irradiated
potatoes of three Indian cultivars stored at 8, 12 and 16 °C. J Food
Sci Technol 43:36–43

J Food Sci Technol (January 2016) 53(1):1–18 15

http://www.hc-sc.gc.ca/cps-spc/pubs/pest/_decisions/rd2011-06/index-eng.php
http://www.hc-sc.gc.ca/cps-spc/pubs/pest/_decisions/rd2011-06/index-eng.php
http://ec.europa.eu/food/plant/protection/evaluation/existactive/list_chlorpropham.pdf
http://ec.europa.eu/food/plant/protection/evaluation/existactive/list_chlorpropham.pdf
http://ec.europa.eu/food/plant/protection/evaluation/existactive/list_chlorpropham.pdf
http://dx.doi.org/10.2903/j.efsa.2012.2584
http://www.efsa.europa.eu/efsajournal
http://www.efsa.europa.eu/efsajournal
http://www.epa.gov/oppsrrd1/REDs/0271red.pdf
http://www.epa.gov/oppsrrd1/REDs/0271red.pdf
http://www.epa.gov/oppsrrd1/REDs/chlorpropham_tred.pdf
http://www.epa.gov/oppsrrd1/REDs/chlorpropham_tred.pdf
http://www.potatogrower.com/2002/08/epa-completes-cipc-reassessment
http://www.potatogrower.com/2002/08/epa-completes-cipc-reassessment
http://www.epa.ie/downloads/pubs/water/ground/Classification%20of%20Hazardous%20and%20Non-Hazardous%20Substances%20in%20Groundwater.pdf
http://www.epa.ie/downloads/pubs/water/ground/Classification%20of%20Hazardous%20and%20Non-Hazardous%20Substances%20in%20Groundwater.pdf
http://www.epa.ie/downloads/pubs/water/ground/Classification%20of%20Hazardous%20and%20Non-Hazardous%20Substances%20in%20Groundwater.pdf
http://www.epa.ie/downloads/pubs/water/ground/Classification%20of%20Hazardous%20and%20Non-Hazardous%20Substances%20in%20Groundwater.pdf
http://ec.europa.eu/food/plant/protection/pesticides/legislation_en.htm
http://ec.europa.eu/food/plant/protection/pesticides/legislation_en.htm
http://eur-ex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:235:0008:0027:EN:PDF
http://eur-ex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:235:0008:0027:EN:PDF
http://extoxnet.orst.edu/pips/choropro.htm
http://extoxnet.orst.edu/pips/choropro.htm


FAO (2008) International year of the potato 2008. Uses of potato. http://
www.potato2008.org/en/potato/utilization.html. Accessed 16
May 2014

FAOSTAT (2013a) http://faostat3.fao.org/faostat-gateway/go/to/
download/Q/QC/E. Accessed 1 June 2014

FAOSTAT (2013b) http://faostat3.fao.org/faostat-gateway/go/to/
download/FB/CC/E. Accessed 1 June 2014

Farawela J (2009) Microbial degradation of carbamate pesticides. http://
www.authorstream.com/Presentation/farawela-235505-
biodegradation-carbamate-insecticides-educationppt-powerpoint/
2009. Accessed 17 December 2013

Gautam IP, Sharma MD, Khatri BB, Thapa RB, Shrestha K (2013)
Storability and chips quality of chemical treated potatoes under or-
dinary condition. J Basic Appl Sci 9:1–10

Ghazavi MA, Houshmand S (2010) Effects of mechanical damage and
temperature on potato respiration rate and weight loss. World Appl
Sci J 8:647–652

Gomez-Castillo D, Cruz E, Iguaz A, Arroqui C, Virseda P (2013) Effect
of essential oils on sprout suppression and quality of potato culti-
vars. Postharvest Biol Technol 82:15–21

Gonzalez-Rodriguez RM, Rial-Otero R, Cancho-Grande B, Gonzalez-
Barreiro C, Simal-Gandara J (2011) A review on the fate of pesti-
cides during the processes within the food-production chain. Critical
Rev Food Sci Nutr 51:99–114

Greene SA, Pohanish RP (2005) Chlorpropham. In: Sittig’s handbook of
pesticides and agricultural chemicals. William Andrew Publishing,
Norwich, pp 211–213

Gunderson EL (1988) FDA total diety study. April 1982-April 1984,
dietary intakes of pesticides, selected elements and other chemicals.
J Assn Offic Anal Chem 71:1200–1209

Hartmans KJ, Diepenhorst P, Bakker W, Gorris LGM (1995) The use of
carvone in agriculture: sprout suppression of potatoes and antifungal
activity against potato tuber and other diseases. Industrial Crops
Prod 4:3–13

Heikes DL (1985) Mass-spectral identification of a metabolite of
chlorpropham in potatoes. J Agric Food Chem 33:246–249

HSE (2009) General guidance concerning maximum residue levels
(MRLs). www.pesticides.gov.uk/food_safety.asp?id=2624. Health
and safety executive 2009. Accessed 17 March 2014

Hutchinson PJS, Felix J, Boydston R (2014) Glyphosate carryover in
seed potato: effects on mother crop and daughter tubers. Am
Potato Res 91:394–403

IPY (2008) International year of the potato 2008. http://www.potato2008.
org. Accessed 21 December 2013

Keikotlhaile BM, Spanoghe P, Steurbaut W (2010) Effects of food pro-
cessing on pesticide residues in fruits and vegetables: a meta-
analysis approach. Food Chem Toxicol 48:1–6

Kidd H, James DR (1991) The agrochemicals handbook. 3rd edn. Kidd
H, James DR (eds) Royal Society of Chemistry Information
Services, Cambridge, UK

Kippley T (2012) CIPC’s re-registration process - Part of a 15-year cycle.
Potato Grower. September, 2012. www.potatogrower.com/2012/09/
cipcs-reregistration-process. Accessed 11 April 2014

Kleinkopf GE, Brandt TL, Frazier MJ, Moller G (1997) CIPC residues on
stored russet Burbank potatoes: 1. Maximum label application. Am
Potato J 74:107–117

Kleinkopf GE, Oberg NA, Olsen N (2003) Sprout inhibition in storage:
current status, new chemistries and natural compounds. Am J Potato
Res 80:317–327

Knowles R (2013) Potato sprout inhibitor discovered atWashington State
University now approved for commericial use. Plant Health
Progress. February, 2013. https://www.plantmanagementnetwork,
org/pub/php/news/2013/potato. Accessed 27 May 2014

Knowles NR, Knowles LO (2007) Alpha, beta unsaturated aliphatic al-
dehydes and ketones constitute a new class of potato sprout inhibi-
tors. Am J Potato Res 85:17

Kumar D, Ezekiel R (2006) Heap storage - An economical and environ-
mentally friendly technology for storing chipping potatoes under
sub-tropical climate. J Food Sci Technol 43:555–557

Kumar D, Paul V, Ezekiel R (2005) Chipping quality of potatoes stored in
heap and pits in sub-tropical plains of India. Hort Sci (Prague) 32:
23–30

Kyriacou MC, Ioannides IM, Gerasopoulos D, Siomos AS (2009)
Storage profiles and processing potential of four potato (Solanum
tuberosum L.) cultivars under three storage temperature regimes. J
Food Agric Environ 7:31–37

Lentza-Rizos C, Balokas A (2001) Residue levels of chlorpropham in
individual tubers and composite samples of postharvest-treated po-
tatoes. J Agric Food Chem 49:710–714

Lewis DJ, Thorpe SA, Reynolds SL (1996) The carry-through of residues
of thiabendazole, tecnazene and chlorpropham from potatoes fol-
lowing manufacture into potato crisps and jacket potato crisps.
Food Addit Contam 13:221–229

Lewis M, Kleinkopf GE, Shetty K (1997) Dimethylnaphthalene and
diisopropylnaphthalene for potato sprout control in storage: 1.
Application methodology and efficacy. Am Potato J 74:183–197

Lu ZH, Donner E, Yada RY, Liu Q (2012a) Impact of γ-irradiation, CIPC
treatment, and storage conditions on physicochemical and nutrition-
al properties of potato starches. Food Chem 133:1188–1195

Lu ZH, Donner E, Yada RY, Liu Q (2012b) Rheological and structural
properties of starches from gamma-irradiated and stored potatoes.
Carbo Polym 87:69–75

Lutaladio N, Castaidi L (2009) Potato: the hidden treasure. J Food Comp
Analysis 22:491–493

Mahajan BVC, Dhatt AS, Sandhu KS, Garg A (2008) Effect of CIPC
(isopropyl-N (3-chlorophenyl) carbamate) on storage and process-
ing quality of potato. J Food Agric Environ 6:34–38

Maillard LC (1912) Action of amino acids on sugars. Formation of
melanoidins in a methodical way. Comptes rendus de l’Academie
des Sciences 154:66

Mamani Moreno C, Stadler T, Da Silva AA, Barbosa LCA, De-Queiroz
MELR (2012) Determination of maleic hydrazide residues in garlic
bulbs by HPLC. Talanta 89:369–376

Mani F, Bettaieb T, Doudech N, Hannachi C (2014) Physiological mech-
anisms for potato dormancy release and sprouting: a review. Afr
Crop Sci J 22:155–174

Marth PC, Schultz ES (1952) A new sprout inhibitor for potato tubers.
Am Potato J 29:268–272

McGowan G, Duncan H, briddon A, Cunnington A, Jina A, saunders S
(2009) Research report – Evaluation of the impact of modified stor-
age practices on sprout suppression. Potato Council (UK). http://
oldpc.be-different.co.uk/secure_downloader.php?index_id=
91&secdoc_id=838. Accessed 9 July 2015

Mehta A, Ezekiel R (2006) Potato storage: needs, present scenario,
emerging technology and future strategies - A critical appraisal. J
Food Sci Technol 43:453–466

Mehta A, Ezekiel R (2010) Non-refrigerated storage of potatoes. Potato J
37:87–99

Mehta A, Kaul HA (2002) Evaluation of menthol and menthe oils as
potato sprout inhibitors. J Indian Potato Assoc 29:107–112

Mehta A, Singh B, Kumar D, Ezekiel R (2007) Evaluation of CIPC
sprays for sprout inhibition in potatoes under traditional storage
methods. Potato J 34:69–70

Mehta A, Singh B, Ezekiel R, Kumar D (2010) Effect of CIPC on sprout
inhibition and processing quality of potatoes stored under traditional
storage system. Indian Potato Res 53:1–15

Meigh DF (1969) Suppression of sprouting in stored potatoes by volatile
organic compounds. J Sci Food Agric 20:159–164

Mohammed NMS (2012) Extraction and HPLC analysis of potato sprout
suppressant chemicals. Ph. D. Thesis submitted to School of
Chemistry, Environmental, Agricultural & Analytical Chemistry

16 J Food Sci Technol (January 2016) 53(1):1–18

http://www.potato2008.org/en/potato/utilization.html
http://www.potato2008.org/en/potato/utilization.html
http://faostat3.fao.org/faostat-gateway/go/to/download/Q/QC/E
http://faostat3.fao.org/faostat-gateway/go/to/download/Q/QC/E
http://faostat3.fao.org/faostat-gateway/go/to/download/FB/CC/E
http://faostat3.fao.org/faostat-gateway/go/to/download/FB/CC/E
http://www.authorstream.com/Presentation/farawela-235505-biodegradation-carbamate-insecticides-educationppt-powerpoint/2009
http://www.authorstream.com/Presentation/farawela-235505-biodegradation-carbamate-insecticides-educationppt-powerpoint/2009
http://www.authorstream.com/Presentation/farawela-235505-biodegradation-carbamate-insecticides-educationppt-powerpoint/2009
http://www.authorstream.com/Presentation/farawela-235505-biodegradation-carbamate-insecticides-educationppt-powerpoint/2009
http://www.pesticides.gov.uk/food_safety.asp?id=2624
http://www.potato2008.org/
http://www.potato2008.org/
http://www.potatogrower.com/2012/09/cipcs-reregistration-process
http://www.potatogrower.com/2012/09/cipcs-reregistration-process
http://oldpc.be-different.co.uk/secure_downloader.php?index_id=91&secdoc_id=838
http://oldpc.be-different.co.uk/secure_downloader.php?index_id=91&secdoc_id=838
http://oldpc.be-different.co.uk/secure_downloader.php?index_id=91&secdoc_id=838


Section, University of Glasgow, Glasgow, Scotland, UK. http://
theses.gla.ac.uk/3454/. Accessed 27 April 2014

Mohammed NMS, Flowers TH, Duncan HJ (2014) Development and
validation of an HPLC method for the analysis of chloroprpham
and 3-choroaniline in potato extract. Chromatography Research
International Article ID 108694, 5 pages. Available at http://www.
hindawi.com/journals/cri/contents/

Mohammed NMS, Flowers TH, Duncan HJ (2015) HPLC-UV method
for analysis of potato sprout inhibitor chloropropham and its metab-
olite 3-chloroaniline in potatoes. IOSR J Environ Sci, Toxicology
Food Technol 9:78–85

Mondy NI, Munshi CB, Seetharaman K (1992a) Residue levels of iso-
propyl n-(3-chlorophenyl) carbamate (CIPC) in potatoes as affected
by level of application, storage time and temperature and method of
cooking. Food Res Int 25:375–379

Mondy NI, Sharada D, Munshi CB, Wurm CM (1992b) Effect of storage
time, temperature and cooking on isopropylN-(3-chlorophenyl) car-
bamate concentrations in potatoes. J Agric Food Chem 40:197–199

MSDS (2009) Zelam CIPC. http://www.zelam.com. Accessed 15
September 2013

Nagami H (1997) Residues of maleic hydrazide and chlorpropham in
potato chips. Bull Environ Contam Toxicol 58:764–768

Nagayama T, Kikugawa K (1992) Influence of frying and baking on
chlorpropham residue. Japanese J Toxicol Environ Health 38:78–83

NAPPO (2013) NAPPO Science and Technology Documents - ST 02:
Efficacy of potato sprout control products to minimize sprout pro-
duction. Prepared by Daniels-Lake B, Olsen N, Delgado H L, and
Zink R. members of the North American Plant Protection
Organization (NAPPO) Technical Advisory Grroup on Potato
Sprout Inhibitors. http://www.nappo.org/en/data/files/download/
Science_and_technology_documents/Potato_sprout_inhibition_
ST_e.p. Accessed 5 February 2014

Noel S, Huyghebaert B, Pigeon O, Weickmans B, Mostade O (2002)
Study of potatoes ’ sprout inhibi tor t reatments wi th
chlorpropham. Mededelingen Faculteit Landbouwkundige en
Toegepaste Biologische Wetenschappen Universiteit Gent 67:
431–439

Noel S, Huyghebaert B, Pigeon O,Weickmans B, Mostade O (2003) The
heterogeneity of sprout inhibitor application with chlorpropham.
Commun Agric Appl Biol Sci 68:739–748

Noel S, Huyghebaert B, Pigeon O, Weickmans B, Mostade O (2004)
Study of potato sprout inhibitor treatments with chlorpropham (or
CIPC). Aspects Appl Biol 71:65–73

O’Neil MJ, Heckelman PE, Koch CB, Roman KJ, Kenny CM, D’Arecca
MR (eds) (2006) TheMerck Index –An Encyclopedia of Chemical,
Drugs, and Biological, 14th edn. Merck & Co, Inc, Whitehouse

Olsen N, Frazier MJ, Ingham R, Keeling J (2011) The feasibility of
irradiation as a phytosanitary tool for sprout control and nematode
destruction in potato tubers for export, final report 2010–11. Report
of research findings to the US National Potato Council, Washington

Oosterhaven KK, Hartmans J, Scheffer JJC (1995) Inhibition of potato
sprout growth by carvone enantiomers and their bioconversion in
sprouts. Potato Res 38:219–230

Orejuela E, Silva M (2005) Rapid determination of aniline metab-
olites of chlorpropham in potatoes by micellar electrokinetic
chromatography using negative-charged mixed micelles and
laser-induced fluorescence detection. Electrophoresis 26:
2991–2998

Owolabi MS, Lajide L, Oladimeji MO, Setzer WN (2010) The effect of
essential oil formulations for potato sprout suppression. Nat Prod
Commun 5:645–648

Paiga P, Morais S, Correia M, Delerue-Matos C, Alves A (2009)
Determination of carbamate and urea pesticide residues in fresh
vegetables using microwave-assisted extraction and liquid chroma-
tography. Int J Environ Anal Chem 89:199–210

Park LJ (2004) Chlorpropham distribution in potato stores and evaluation
of environmental issues relating to its use. Ph.D. Thesis, Glasgow:
University of Glasgow

Park L, Duncan H, Briddon A, Jina A, Cunnington A, Saunders S (2009)
Review and development of the CIPC application process and eval-
uation of environmental issues. AHDB-Potato Council. http://www.
potato.org.uk/sites/default/files/%5Bcurrentpage%3Aarg%3A%
3F%5D/20095%20CIPC%20Final%20Report%20R243_0.pdf.
Accessed 21February 2014

Paul V, Ezekiel R (2002) Suppression of potato sprout growth by alco-
hols, acetaldehyde and 2, 4-dichlorophenoxy acetic acid ethyl ester
at higher temperatures. J Indian Potato Assoc 29:119–122

Paul V, Ezekiel R (2003a) Improved heap method of potato storage for
central Indo-Gangetic plains. J Indian Potato Assoc 30:159–160

Paul V, Ezekiel R (2003b) Relationship between tuber size and storage
behaviour in two potato cultivars during on-farm storage. J Indian
Potato Assoc 30:161–162

Paul V, Ezekiel R (2003c) Suppression of sprout growth of potato
(Solanum tuberosum L.) tubers by triadimefon. J Plant Biol 30:
353–356

Paul V, Ezekiel R (2004) Evaluation of heap and pit methods of potato
storage in the central Indo-Gangetic Plains. Indian J Agric Sci 74:
665–668

Paul V, Ezekiel R (2005) Changes in temperature and relative humidity in
heap and pit during storage of potatoes. Potato J 32:205–206

Paul V, Ezekiel R (2006a) Sprout suppression of potato (Solanum
tuberosum L.) tubers stored at 18 °C by pre and post-harvest appli-
cation of sub-lethal doses of glyphosate. Indian J Plant Physiol 21:
300–305

Paul V, Ezekiel R (2006b) Inhibition of potato sprout growth by pre-
harvest foliar application of glyphosate. Potato J 33:56–61

Paul V and Ezekiel R (2013) Scientific storage options crucial for pota-
toes. Agric Today (Year Book), The National AgricultureMagazine,
pp 134–137

Paul V, Ezekiel R, Singh J, Shekhawat GS (2002a) Evaluation of on-farm
storage methods of potato in Indo-Gangetic plains. In: Paul Khurana
SM, Shekhawat GS, Pandey SK, Singh BP (eds) Potato, global
research and development (Vol. II), Proceeding of Global
Conference on Potat,o Dec. 6–11, 1999, New Delhi. Malhotra
Publishing House, New Delhi, pp 1080–1085

Paul V, Ezekiel R, Shekhawat GS (2002b) Traditional methods of potato
storage in changing scenario. Indian Farming 52(11–13):18–19

Paul V, Ezekiel R, Pandey R, Kumar D (2014) Potential of glyphosate as
a sprout suppressant of potato (Solanum tuberosumL.) tubers during
storage. Indian J Plant Physiol 19:293–305

Potato Biology (2012) http://www.14group.com/fileadmin/PDF/
English_Articles/DMN_CIPC_Presentation.pdf. Accessed 1
March 2014

Potato Council (2013) Supply chain backs fight to retain CIPC. www.
potato.org.uk/news/supply-chain-backs-fight-retain-cipc. Accessed
7 January 2014

Prange R, Kalt W, Daniels-Lake B, Liew C, Walsh J, Dean P, Coffin R,
Page R (1997) Alternatives to currently used potato sprout suppres-
sants. Postharvest News Information 8:37–41

Prange RK, Kalt W, Daniels-Lake BJ, Liew CL, Page RT, Walsh JR,
Dean P, Coffin R (1998) Using ethylene as a sprout control
agent in stored ‘Russet Burbank’ potatoes. J Am Soc Hort
Sci 123:463–469

Prange RK, Daniels-Lake BJ, Pruski K (2005) Effects of continuous
ethylene treatment on potato tubers: highlights of 14 years of re-
search. Acta Hort 684:165–170

Przybylski C, Bonnet V (2009) Combination of 1H nuclear magnetic
resonance spectroscopy and mass spectrometry as tools for investi-
gation of the thermolytic and solvolytic effects case of carbamates
analysis. J Chromatography (A) 1216:4787–4797

J Food Sci Technol (January 2016) 53(1):1–18 17

http://theses.gla.ac.uk/3454/
http://theses.gla.ac.uk/3454/
http://www.hindawi.com/journals/cri/contents/
http://www.hindawi.com/journals/cri/contents/
http://www.zelam.com/
http://www.nappo.org/en/data/files/download/Science_and_technology_documents/Potato_sprout_inhibition_ST_e.p
http://www.nappo.org/en/data/files/download/Science_and_technology_documents/Potato_sprout_inhibition_ST_e.p
http://www.nappo.org/en/data/files/download/Science_and_technology_documents/Potato_sprout_inhibition_ST_e.p
http://www.potato.org.uk/sites/default/files/%5Bcurrentpage%3Aarg%3A%3F%5D/20095%20CIPC%20Final%20Report%20R243_0.pdf
http://www.potato.org.uk/sites/default/files/%5Bcurrentpage%3Aarg%3A%3F%5D/20095%20CIPC%20Final%20Report%20R243_0.pdf
http://www.potato.org.uk/sites/default/files/%5Bcurrentpage%3Aarg%3A%3F%5D/20095%20CIPC%20Final%20Report%20R243_0.pdf
http://www.14group.com/fileadmin/PDF/English_Articles/DMN_CIPC_Presentation.pdf
http://www.14group.com/fileadmin/PDF/English_Articles/DMN_CIPC_Presentation.pdf
http://www.potato.org.uk/news/supply-chain-backs-fight-retain-cipc
http://www.potato.org.uk/news/supply-chain-backs-fight-retain-cipc


Rastovski A (1987) Storage losses. In: Rastovski A, van Es A (eds)
Storage of potatoes: post-harvest behavior, store design, storage
practice, handling. Pudoc, Wageningen, pp 177–180

Ravanel P, Tissut M (1984) Mitochondrial changes during storage of
untreated or CIPC-treated potatoes. Pestic Biochem Physiol 22:1–7

Rees T, Dixen WL, Pollock CJ, Franks F (1981) Low temperature sweet-
ening of higher plants. In: Friends J, Rhodes MJC (eds) Recent
advance in the biochemistry of fruits and vegetables. Academic
Press, New York, pp 41–61

Rentzsch S, Podzimska D, Voegele A, Imbeck M, Muller K, Linkies A,
Leubner-Metzger G (2012) Dose- and tissue-specific interaction of
monoterpenes with the gibberellin-mediated release of potato tuber
bud dormancy, sprout growth and induction of alpha-amylases and
beta-amylases. Planta 235:137–151

Rezaee M, Almassi M, Farahani AM, Minaei S, Khodadadi M (2011)
Potato sprout inhibition and tuber quality after postharvest treatment
with gamma irradiation on different dates. J Agr Sci Technol 13:
829–841

RitchieW, Boyd IMG,Duncan HJ (1983) Amethod for the determination
of chlorpropham residues in crisps and crisp frying oil. Potato Res
26:73–77

Safety Data Sheet (2009) NEO STOP L 300. Available at: http://www.
mercata.cz/pdf/et/Neo-Stop_L300_ 2002pdf. Accessed 16
September 2013

Sakaliene O, Koskinen WC, Blazauskiene G, Petroviene I (2009) Level
and fate of chlorpropham in potatoes during storage and processing.
J Environ Sci Health (Part B) 44:1–6

Sanli A, Karadogan T, Tonguc M, Baydar H (2010) Effects of caraway
(Carum carvi L.) seed on sprouting of potato (Solanum tuberosum
L.) tubers under different temperature conditions. Turkish J Field
Crops 15:54–58

Sawyer RL, Malagamba JP (1987) Sprout inhibition. In: Talburt WF,
Smith O (eds) Potato processing. Van Nostrand Reinhold, New
York, pp 183–202

Sawyer RL, Thorne WH (1962) Alcohols for sprout inhibition of pota-
toes. Am Potato J 39:167–175

Sihtmaee M, Mortimer M, Kahru A, Blinova I (2010) Toxicity of five
anilines to crustaceans, protozoa and bacteria. J Serbian Chem Soc
75:1291–1302

Singh B, Ezekiel R (2010) Isopropyl N-(3-chlorophenyl) carbamate
(CIPC) residue in potatoes stored in commercial cold stores in
India. Potato Res 53:111–120

Singh B, Kaul MN, Ezekiel R (2004) Effect of isopropyl-N (3-
chlorophenyl) carbamate (CIPC) dusting on potato during non-
refrigerated storage: Sprout suppression and residues. J Food Sci
Technol 41:550–553

Skidmore MW, Paulson GD, Kuiper HA, Ohlin B, Reynolds S (2002)
Bound xenobiotic residues in food commodities of plant and animal
origin. Pest Management Sci 58:313–313

Smith O (1987) Transport and storage of potatoes. In: Talburt WF, Smith
O (eds) Potato Processing Van Nostrand Reinhold, NewYork, USA,
pp 203–286

SmithMJ, Bucher G (2012) Tools to study the degradation and loss of the
N-phenyl carbamate chlorpropham - comprehensive review.
Environ Int 49:38–50

Sonnewald U (2001) Control of potato tuber sprouting. Trends Plant Sci
6:333–335

Sonnewald S, Sonnewald U (2014) Regulation of potato tuber sprouting.
Planta 239:27–38

Sorce C, Lorenzi R, Ranalli P (1997) The effects of (S)-(+)-carvone on
seed potato tuber dormancy and sprouting. Potato Res 40:155–161

Sundaram IS (2011) Potato: Fluctuating fortunes - Facts for you. January,
27–28

Tayler PN, Gussin EJ, Leck K (1996) Control of sprouting in potatoes
from applications made under commercial conditions. In:
Proceedings of the 13th Triennial Conference of the European
Association for Potato Research. Pudoc, Wageningen, pp 589–
590. PSS 25

Teper-Bamnolker P, Dudai N, Fischer R, Belausov E, Zemach H,
Shoseyov O, Eshel D (2010) Mint essential oil can induce or inhibit
potato sprouting by differential alteration of apical meristem. Planta
232:179–186

Topcu Y, Uzundumlu AS, Guler IO (2010) Economic effectiveness anal-
yses of potato farms: The case of Erzurum province, Turkey.
Scientific Res Essays 5:2560–2566

Tsumurahasegawa Y, Tonogai Y, Nakamura Y, Ito Y (1992) Residue
levels of dichlorvos, chlorpropham and pyrethrins in postharvest-
treated potatoes during storage or processing into starch. J Agric
Food Chem 40:1240–1244

van Es A, Hartmans KJ (1987a) Dormancy, sprouting and sprout inhibi-
tion. In: Rastovski A, van Es A (eds) Storage of potatoes: Post-
harvest behaviour, store design, storage practice and handling.
Pudoc, Wageningen, pp 114–132

van Es A, Hartmans KJ (1987b) Starch and sugars during tuberization,
storage and sprouting. In: Rastovski A, van Es A (eds) Storage of
potatoes: Post-harvest behavior, store design, storage practice and
handling. Pudoc, Wageningen, pp 79–113

van Vliet WF, Sparenberg H (1970) The treatment of potato tubers with
sprout inhibitors. Potato Res 13:223–227

Vaughn KC, Lehnen LP (1991) Mitotic disrupter herbicides. Weed Sci
39:450–457

Vaughn SF, Spencer GF (1991) Volatile monotherpenes inhibit potato
tuber sprouting. Am Potato J 68:821–831

Vaughn SF, Spencer GF (1993) Naturally-occurring aromatic compounds
inhibit potato tuber sprouting. Am Potato J 70:527–533

Verhagen P, De Gelder L, Hoefman S, De Vos P, Boon N (2011)
Planktonic versus biofilm catabolic communities: Importance of
the biofilm for species selection and pesticide degradation. Appl
Environ Microbiol 77:4728–4735

Vokou D, Vareltzidou S, Katinakis P (1993) Effect of aromatic plants on
potato storage: sprout suppression and antimicrobial activity. Agric
Ecosystems Environ 47:223–235

Weerd JWD (2005) Options address CIPC limits for sprout control -
Effective option offers secondary control. Potato Growers
(January):76–77

Wilson AM, Bushway AA, Bushway RJ (1981) Residue analysis of
isopropyl N-(3-chlorophenyl) carbamate in fruits and vegetables
using high performance liquid chromatography. J Agric Food
Chem 29:746–749

Wolfe NL, Zepp RG, Paris DF (1978) Carbaryl, propham and
chlorpropham - comparison of rates of hydrolysis and photolysis
with rate of biolysis. Water Res 12:565–571

Worobey BL, Sun WF (1987) Isolation and identification of
chlorpropham and 2 of its metabolites in potatoes by GC–MS.
Chemosphere 16:1457–1462

Worobey BL, Pilon JC, SunWF (1987) Mass-spectral characterization of
a halogenated azobenzene (3, 3′-dichloroazobenzene) from potato
peels. J Agric Food Chem 35:325–329

18 J Food Sci Technol (January 2016) 53(1):1–18

http://www.mercata.cz/pdf/et/Neo-Stop_L300_
http://www.mercata.cz/pdf/et/Neo-Stop_L300_
















9/28/22, 1:55 PMEthylene inhibited sprouting of potato tubers by influencing the carbohydrate metabolism pathway - PMC

Page 1 of 13https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/

J Food Sci Technol. 2016 Aug; 53(8): 3166–3174.
Published online 2016 Jul 26. doi: 10.1007/s13197-016-2290-0

PMCID: PMC5055881
PMID: 27784911

Ethylene inhibited sprouting of potato tubers by influencing the carbohydrate metabolism
pathway

Hongfei Dai,  Maorun Fu,  Xiaoying Yang,  and Qingmin Chen

Abstract

The aim of this study was to investigate the role of ethylene to control sprouting of potatoes by
observing the effect of exogenous ethylene on carbohydrate metabolism and key enzymes. The initial
time of potato tuber sprouting and sprouting index were recorded, and rate of respiration, total sugar,
total reducing sugar, starch, fructose, glucose, sucrose and the activities of acid invertase (AI), neutral
invertase (NI), sucrose synthase (SS), sucrose phosphate synthase (SPS), starch phosphorylase and
amylase during sprouting were measured. Exogenous ethylene inhibited sprouting of potato tubers.
Moreover, exogenous ethylene increased respiration total sugar, AI activity, SPS activity, SS activity,
and reduced sugar and assay activity. Nevertheless, starch, glucose, fructose, NI activity and starch
phosphorylase activity showed lower variation. Lower sprouting resulted into potatoes with higher
levels of total sugar, total reducing sugar and glucose, and lower level of fructose and sucrose. And
sprouting could be inhibited by increasing the activities of SS, SPS and AI by treatment with
199.3 μl L  exogenous ethylene. Overall, exogenous ethylene inhibited sprouting of potato tubers by
influencing its carbohydrate metabolism.

Keywords: Potato tuber, Exogenous ethylene, Sprouting, Carbohydrate metabolism, Key enzymes

Introduction

Potato is one of the most important food crops in the world and is a main staple food for human
consumption (Saraiva 2004), and sprout management was an important aspect of successful storage and
distribution, to maintain good quality of the tubers for the intended purpose. Exogenous ethylene had
been shown to inhibit potato sprouting, as described in several reports (Daniels-Lake et al. 2006, 2011).
The effect of ethylene on sprouting was probably connected with changes in sucrose concentrations in
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potato tubers, there might be relation between carbohydrate and ethylene. Transgenic approaches,
targeted to carbohydrate pathways in the plant, have shown that modifying carbohydrate metabolism
affected tuber dormancy and sprouting (Vreugdenhil 2007).

Although there had been some research about sprout-inhibitory of ethylene (Prange et al. 2005) and its
effect on sugar accumulation (Zhao et al. 2015; Foukaraki et al. 2016a, b), the reports about overall
effect on carbohydrate and its mechanism was rare. In this work, potato tubers were treated by solid
ethylene releasing agents as a matter of convenience, sprouting index, rate of respiration, starch and
sugar contents, the activity of key sugar metabolizing enzymes were determined. The aim of this work
was undertaken to examine how exogenous ethylene inhibited sprouting of potato tubers by regulating
the carbohydrate metabolism pathway.

Materials and methods

Chemicals

Chromatographic grade acetonitrile and ultrapure water were used for HPLC analysis. All other
chemicals used were of analytical grade.

Plant material and ethylene treatments

“Favorita” potato stored in cold storage (about 4 °C) for 3 months, had passed dormant period, were
immediately delivered to the laboratory, where tubers free of visual defects and of uniform size were
selected. Potatoes were divided into three groups (about 15 kg) and packed in plastic bags, each
containing the same number and three replicates of tubers.

The potatoes were treated by exogenous ethylene as follows. Three groups of potatoes were separated
as control M  no treatment was done, M  and M  were treated by 91.7 and 199.3 μl L  exogenous
ethylene, respectively. At last, the potatoes were stored at 15 °C. The sampling for detecting sugar
content and key enzymes of the potatoes was done on 0, 4, 8, 12, 16, 20 and 24 days, after treatment,
respectively.

Sprouting index

Buds were considered to have sprouted once a sprout of minimum length 2 mm had formed, as defined
by Zhao et al. (2015). Initial germination time and sprouting indexes of all treatment were recorded at
sampling dates. The method was as follows: if all bud eye of the tuber didn’t germinated, it was
considered as level-0; level-1 was the tuber that the germination percentage of bud eye was lower than
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25 %; level-2 was the tuber that the germination percentage of bud eye was between 25 to 50 %; level-3
was the tuber that germination percentage of bud eye was higher than 50 %. Calculation formula for
evaluating the sprouting index was as follow:

In which: I = sprouting level; X  = the tuber number of level-i; T = the total number of tuber in plastic
bag.

Respiration

Whole tuber respiration was evaluated by CO  production using an infrared gas analysis in an open
system (Compact Minicuvette System CMS-400, Walz GmbH, Effeltrich, Germany) as described by
Hajirezaei et al. (2003). The rate of respiration was reported as mg (kg h ).

Soluble sugar determination

Total sugar, reducing sugar and starch Extraction (1): 0.25 g of potato samples was extracted using
water bath at 60 °C for 20 min with 50–60 ml water. Extraction (2): 0.2 g of samples was heated for
30 min in boiling water bath with 10 ml 6 M HCl and 15 ml water. Extraction (3): 0.2 g of potato
samples was heated and dissolved with 3.2 ml 60 % perchloric acid and 3 ml water.

Extraction (1) and (2) were assayed using DNS reagent for total sugar and reducing sugar, respectively,
as described in Hu et al. (2008). Read the value of sugar concentration corresponding to the absorbance
from the calibration curve of glucose at a wavelength of 540 nm. Starch content was estimated by the
method of Men and Liu (1995). This method involves dissolving starch in perchloric acid, diluting with
distilled water, reacting with iodine solution and measuring the absorbance at a wavelength of 660 nm.
Total sugar, reducing sugar and starch content was reported as micromoles of glucose and soluble
starch equivalents (GAE) per milligram of dry weight. All spectrophotometric assays were run on a V-
1100D spectrophotometer (Mapada, China).

Fructose, glucose, and sucrose The procedure for carbohydrate determination has been previously
described in detail (Olsen et al. 2003). Tuber tissue (1.5 g) was extracted in 40 mL of 80 % ethanol for
30 min by ultrasonic extraction using a SB-25-12DT ultrasonic cleaner (Scientz, China), filtered
(Whatman No. 1). The extraction was evaporated under vacuum at 50 °C by RE-52AA rotary
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evaporator (Puredu, China), the residue was dissolved in 10 ml of mobile phase. The final extract was
filtered through a 0.45 µm pore-size membrane filter, and immediately injected to HPLC as 20 µL. High
performance liquid chromatography (Shimadzu, Japan) include hypersil NH  column (5 µm,
250 × 4.6 mm, Dalian Elite Analytical Instruments Co. Ltd., Deaic, China) and RID-10A detector. The
column and detector temperature was 35 and 40 °C. The mobile phase was acetonitrile: water (70:30,
v/v) with a flow rate of 1 ml min . Peak areas for respective sugars (fructose, glucose, and sucrose)
were recorded and sugar concentration (mg g  of tissue dry weight) was calculated using standard
substance.

Enzyme assays All procedures related to enzyme extraction were carried out at 4 °C or lower. Plant
samples were extracted in 0.1 M PBS buffer (pH 7.5) containing 5 mM MgCl , 1 mM EDTA, 1 mM
EDTA 0.1 % (v/v) ß-mercaptoethanol and 0.1 % (v/v) Triton X-100, at 4 °C, centrifuged at 10,000 rpm
and 4 °C for 10 min, then the supernatant fluid into 10 ml calibration tube. The activities of SPS, SS,
acid and neutral invertase were determined from the same extract.

Assay of activity acid invertase (AI) and neutral invertase (NI) The measurement of activity of AI and
NI was carried out according to the Nielsen et al. (1991). Procedure with some minor modifications.
The soluble AI activity was assayed by adding 50 μl reaction buffers (0.1 M pH 5.5 acetic acid buffer
and 1 % sucrose) to 50 μl crude enzyme, and incubated at 34 °C for 1 h. The controlled trial is that
50 μl crude enzyme incubated at 100 °C for 10 min. The reaction was stopped by boiling the mixture
for 5 min and adding 1.5 ml of 3, 5-dinitrosalicylic acid, after incubated in a water bath at 100 °C for
5 min. The mixture was set to the volume to 25 ml with distilled water. The soluble AI activity was
assayed from the obtained light absorption value at a wavelength of 540 nm. The assay for NI activity
was similar to that of AI except that the reaction was performed in phosphate buffer (pH 7.5). The
resulting reducing sugars were estimated by Nelson-Somogyi method. Invertase activity was expressed
in units of mg g  h  FM.

Assay of sucrose synthase (SS) and sucrose phosphate synthase (SPS) activity For the assay of sucrose
phosphate synthase (SPS) and sucrose synthase (SS), the respective tissues were extracted following the
method of Miron and Schaffer (1991). Assay mixture for SPS contained 0.1 M borate buffer (pH 8.0),
15 mM MgCl , 5 mM fructose-6-phosphate, 15 mM glucose-6-phosphate, 10 mM UDP-glucose and
enzyme extract. After incubation at 30 °C for 1 h, the reaction was stopped by adding 0.2 ml of 30 %
KOH and then cooled to room temperature. The sucrose formed was determined by anthrone reagent.
Background was determined by adding the stopping base before adding the enzyme. The reaction
mixture for SS assay was similar to SPS assay but it contained 0.06 M fructose instead of fructose-6-
phosphate and was devoid of glucose-6-phosphate. The sucrose hydrolysed during SS catalyzed
reaction and sucrose formed during SPS catalyzed reaction were estimated according to Vassey et al.
(1991). The enzyme activities were expressed as nmol sucrose hydrolysed or formed mg g  h  FM,
respectively.
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Assay of starch phosphorylase activity For determination of starch phosphorylase activity (Dubey and
Singh 1999), plant materials from each treatment were homogenized in 5 ml buffer containing 100 mM
sodium succinate (pH 5.8), 10 % glycerinum, 1 mM EDTA, 15 mM β-mercaptoethanol, 1 mM EDTA,
5 mM MgCl  and centrifuged at 15,000 rpm for 20 min at 4 °C. The assay mixture contained 0.8 ml
SDB [100 mM sodium succinate (pH 5.8), 0.1 % bovine serum albumin (w/v), 10 mM β-
mercaptoethanol, 0.2 mM EDTA, 10 % glycerinum], substrate mixture [100 mM sodium succinate (pH
5.8), 5 % soluble starch (w/v), 0.1 mM glucose-1-phosphate 0.2 mM AMP] and enzyme extract to make
the total volume up to 1.0 ml. The reaction was stopped after 10 min by adding 2.6 ml
[2.6 g ammonium molybdate in 100 ml 14 % [v/v] sulfuric add]. The mixture was centrifuged and
phosphorus content in the supernatant was estimated following the method of Fiske and Subbarow. The
enzyme activity was calculated as nmol of P  liberated mg g  h  FM.

Assay of amylase Amylase was assayed in colorimetry according to the method of Zhou (1995). The
extract was performed in ice-bath. The homogenate was centrifuged at 3000 rpm for 15 min. The
resulting supernatant was kept at 40 °C water-bath for 5 min following addition of 1 % starch solution,
then kept boiling for 5 min after addition of DNS. The enzyme activity was measured by the
absorbency of a wavelength of 525 nm, and was showed in the amount of maltose transformed in 5 min.
The standard curve was obtained in the same way.

Statistical analysis The statistical analysis was carried out using SPSS 17.0 (SPSS Inc., Chicago, IL).
Results were expressed as mean values ± standard deviation. Means were compared by multivariate
analysis followed by the Duncan’s test. A difference was considered statistically significant when
P < 0.05.

Results and discussion

Sprouting indexes and rate of respiration

The initial germination time of tubers of M , M  and M  were 4, 4 and 5 days after treatment, (Fig. l).
Tubers exposed to ethylene (M  and M ) exhibited lower sprouting indexes in proximal parts compared
to the control (M ) until 12 days, then, sprouting indexes of M  increased rapidly, and at the end of this
experiment, they were higher than M  except for the last point (Fig. 1). After 24 days, the sprouting
indexes of M  was the least, which was lower than that of M  (P > 0.05) and M  (P < 0.05).
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Fig. 1

Sprouting indexes of potato tubers. Each value represents mean ± standard deviation of three replicates

Time-dependent changes in respiration rate were shown in Fig. 2 after the start of the ethylene
treatment, tuber respiration rate began to increase rapidly. Respiration rates were highest at 4 days after
ethylene treatment, and then slowly declined. Compared to the untreated samples, 199.3 μl L  ethylene
increased respiration by 15 %, while, respiration rates was significantly reduced by 91.7 μl L
ethylene.

Fig. 2

Respiration rate of potato tubers. Each value represents mean ± standard deviation of three replicates

Exogenous ethylene increased tuber respiration rates, affected tuber dormancy and sprouting
(Gottschalk 2011). The trend of respiration rate in the present work was almost same as the previous
report of Downes et al. (2010) that onion bulb respiration rate increased immediately after being treated
with ethyle (Alexopoulos et al., 2008). And the result was also in line with potato tubers at 6 °C
(Foukaraki et al., 2010).

Carbohydrate metabolism

Sugar contents and starch As observed in Fig. 3a, the contents of total sugar in potato tubers of different
treatments had a trend of increasing in the whole process. During first 4 days of storage the total sugar
increased while, M  presented little decreasing between 4 and 12 days. After 24 days, the total sugar
content of M  M  M  increased 62.73, 68.54, and 82.92 mg/g, respectively. Compared to the control,
total sugar content of M  increased little (P > 0.05), but M  was higher than M  in the whole process.
Exogenous ethylene of 199.3 μl L  promoted total sugar content, which was significant different from
that of 12–20 days. It could be confirmed that total sugar could be strengthened by exogenous ethylene.
Foukaraki et al. (2012) found that ethylene-treated tubers contained higher levels of total sugars, the
present result confirmed that the increasing of total sugar be strengthened by exogenous ethylene.
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Fig. 3

Total sugar (a), total reducing sugar (b), starch (c) content of potato tubers. Each value represents mean ± standard
deviation of three replicates

Exogenous ethylene had remarkable effects on total reducing sugar content (Fig. 3b). After 24 days, the
total reducing sugar content of M  M , and M  were decreased to 116.03, 100.9, 106.77 mg/g (Fig. 3
b), respectively. Compared to the control, reducing sugar content of M  and M  were lower, and there
was a significant difference between them (P < 0.05), and the total reducing sugar content of M  was
much lower than M  (P < 0.05). An interaction between ethylene and CO  in the storage atmosphere
has been reported, with higher concentrations of ethylene increasing tuber reducing sugar content
(Daniels-Lake et al. 2009), the reason might be the different cultivar of potatoes used in study, in which
the carbohydrate could present various responses to external stimulation.

As shown in Fig. 3c, the starch content decreases gradually. During first 4 days, the starch content of all
treatments increased and then there was a large reduction from 4 to 8 days. The content of starch in M
M  and M  reduced by 27.83, 19.23 and 37.19 %, respectively, after 24 days. At the end of storage, M
was higher markedly compare to M  (P < 0.05), while M  was much lower than M  and higher than M
(P < 0.05)  Starch degradation had been discussed as an important event related to the induction of
sprouting (Hajirezaei et al. 2003), who got that breakdown rate of starch was negatively correlated with
respiration in potatoes. The results was in corroborated with previous report of Biemelt et al. (2000)
showing that starch degradation was not a prerequisite for the initiation of sprouting. Considering the
best sprouting inhibition effect, it could be assumed that lower starch level was beneficial for reducing
the sprouting indexes. Exogenous ethylene could reduce the disappearing of total reducing sugar.

Sucrose, fructose and glucose content The changes of glucose, fructose and sucrose in tubers were
shown in Fig. 4. The effect of exogenous ethylene on three kinds of monosaccharide were varied. As
shown in Fig. 4a, the glucose content of M  was higher than the control (P < 0.05), while glucose
content of M  was lower, and there was no significant difference between them. The change in glucose
was similar earlier report (Frazier et al. 2006). Compared to M , fructose content of M  was declined
significantly (P < 0.05), and M  was lower than M  (P < 0.05) (Fig. 4b), however, fructose content of
all the three treatments changed little. In addition, significant difference could be found between any
two of treatments (P < 0.05). It proved that higher level of exogenous ethylene could decrease fructose
content. Sucrose was reported as a prerequisite signalling molecule for hormonal dormancy control

0, 1 2

1 2

1

2 2

0,

1 2 1

2 0 1 2

.

2

1

0 2

1 0

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig4/


9/28/22, 1:55 PMEthylene inhibited sprouting of potato tubers by influencing the carbohydrate metabolism pathway - PMC

Page 8 of 13https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/

(Foukaraki et al. 2016a, b). Sucrose content in tubers was significantly decreased by exposure to
exogenous ethylene, the effect of different treatment was in the order of M  < M  < M . In addition,
significant difference was also observed between any two treatments (P < 0.05).

Fig. 4

Glucose (a), fructose (b) and sucrose (c) content of potato tubers. Each value represents mean ± standard deviation
of three replicates

Ethylene might enhance the level of glucose (Foukaraki et al. 2012), and the effect reversed with
increasing content of ethylene. Cools et al. (2011) observed that the levels of three sugars in onion were
decreased to a variable extent on ethylene treatment which was consistent agreed with our results.

Based on the above analysis the lower sprouting development tended to present higher levels of
respiration, total sugar, total reducing sugar, glucose, and lower fructose and sucrose in potatoes. In this
work, the results show that 199.3 μl L  exogenous ethylene could inhibited sprouting of potato and
enhanced respiration total sugar, disappearing of total reducing sugar, decrease sucrose content.

Enzymes in carbohydrate metabolism

Invertase A continuous increase with time in acid invertase (AI) activity was observed in both
treatments (Fig. 5a). It can be seen that, AI activity of M  maintained a high level at the first 12 days,
while, AI activity of M  was lower than the control, and there was a significant difference between
them. Both M  and M  showed a decrease in the sprouting potato tubers between 12 and 16 days, while
AI activity of all treatments increased upto 8 days. After 24 days, the order of AI activity in potato
tubers was M  > M  > M . Neutral invertase (NI) activity in potato tubers showed a rank of
M  > M  > M , there was no significant difference from the control (Fig. 5b). Higher concentrations of
exogenous ethylene significantly promoted the NI activity but significantly inhibited the activity of NI
when the concentrations of exogenous ethylene were lower. Figure 5c showed the activity of invertase
in potato tubers during 24 days, the activity of invertase was found to be increased in all treatments,
(Fig. 5c). Both the activity of M  and M  were higher than the control M  (P < 0.05), but there was no
significant difference between them.
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Fig. 5

Carbohydrate metabolism-related enzyme activities. Each value represents mean ± standard deviation of three
replicates. a acid invertase (AI), b neutral invertase (NI), c invertase, d sucrose synthase (SS), e sucrose phosphate
synthase (SPS), f starch phosphorylase, g amylase

Yao et al. (2005) pointed out that 400 mg L  ethephon raised the activities of acid and neutral
invertases at late growth stage, which was therefore promoting the sucrose accumulation in the stalks.
Wang and Zhang (2000) took apples as materials, spray with 300 mg L  ethephon at the early stage of
the mature fruit, the results showed that compared with the control and aminooxyacetic acid treatment,
the neutral invertase activity were significantly improved, and the ethylene biosynthesis in starkrimson
fruit was stimulated.

Sucrose synthase (SS) and sucrose phosphate synthase (SPS) After 24 days, the SS activity of M  was
significantly lower than M  (P < 0.05), although the amount of exogenous ethylene was elevated.
Compared to M , SS activity of M  was increased significantly (P < 0.05), and M  was slightly lower
than M  (P > 0.05) (Fig. 5d). In addition, significant difference could be found between any two of
treatments (P < 0.05). In many plants, SS is known to be involved in sucrose cleavage rather than
sucrose synthesis (Róth et al. 2007), it proved that higher level of exogenous ethylene could decrease
activity of sucrose synthase.

The activity of sucrose phosphate synthase (SPS) was found to be increased by exposure of
199.3 μl L  ethylene during 24 days. As illustrated in Fig. 5e. SPS activity of M  reached the
maximum at 20 days, which was significantly higher than the control, but for M , no significant
difference from the control was observed. After 24 days, the SPS activity was observed in the order
M  > M  > M , which proved that higher level of exogenous ethylene could increase activity of SPS.

Wang et al. (2013) noticed that SPS was negatively correlated with sucrose content in cane, which was
contrast with findings of Lingle (1999). Pan et al. (2007) reported that four enzymes made great
contribution to sucrose accumulation in sugarcane internodes, and SAI, SS and NI were negatively
while SPS was positively correlated with sucrose content in cane, respectively. Verma et al. (2011)
emphasized that SPS activity was positively correlated with sucrose content and negatively correlated
with hexose sugars content, but SS activity was negatively correlated with sucrose content and
positively correlated with hexose sugars content. Changes of sugar contents due to exogenous ethylene
treatment were supported by the changes of different sugar metabolizing enzymes. Increase in SPS, SS

−1

−1

2

1

0 1 2

0

−1
2

1

2 0 1

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig5/


9/28/22, 1:55 PMEthylene inhibited sprouting of potato tubers by influencing the carbohydrate metabolism pathway - PMC

Page 10 of 13https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/

activity after 24 days (Fig. 5) was related decrease in sucrose content in the potato tubers resulting in a
much lower sucrose content in the potato tubers of the exogenous ethylene treated than that of the
control.

Starch phosphorylase (SP) The activity of starch phosphorylase were had little change (Fig. 5f), there
was no specific inclining or declining rule of starch phosphrylase in the three treatments. At the first
4 days activity of starch phosphorylase of all treatments increased and reached the maximum at the
4 days, then, the activities of M , M  and M  were decreased during 4 to 12 days, and reached the
minimum at the 12 days. After 24 days, the starch phosphorylase activity was in the order of
M  > M  > M , and there was no significant difference between them. Chen and Cai (2005) also
noticed that ethylene could stimulate the activities of acid invertase, amylase, sucrose synthase and
sucrose phosphate synthase, inhibited the activity of amylase, while no significant effects to starch
phosphorylase.

Amylase In the process of exogenous ethylene exposure, the activity of amylase increased rapidly and
reached a peak, and then decreased. At the first 4 days, the amylase activity of M  was lower than M
and M , both of M  and M  were hightest at 8 days, while amylase activity of M  was highest at
12 days. After 24 days, the order of amylase activity in potato tubers was M >M >M .

Overall, ethylene was showed to stimulate the activities of acid invertase, amylase, sucrose synthase
and sucrose phosphate synthase, inhibited the activity of amylase, while no significant effects to the
neutral invertase and starch phosphorylase (P > 0.05).

Conclusion

Exogenous ethylene inhibited sprouting of potato, and increased respiration, total sugar, glucose,
reduced fructose and sucrose. Besides, the lower sprouting development tended to present higher levels
of respiration, total sugar, total reducing sugar and glucose, lower fructose and sucrose in potatoes.
Sprouting could be inhibited by increasing the activities of SS, SPS and AI by treatment with
199.3 μl L  exogenous ethylene. Exogenous ethylene inhibited sprouting of potato tubers by
influencing its carbohydrate metabolism.

Acknowledgments

The authors would like to thank the National Natural Science Fundation of China (Project No.
31201428, 31301551) and China Postdoctoral Science Foundation (Project No. 2015M571156) for
financial support to this research project.

References

0 1 2

2 0 1

0 1

2 0 2 1

0 1 2

−1

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/figure/Fig5/


9/28/22, 1:55 PMEthylene inhibited sprouting of potato tubers by influencing the carbohydrate metabolism pathway - PMC

Page 11 of 13https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/

1. Alexopoulos AA, Aivalakis G, Akoumianakis KA, Passam HC. Effect of gibberellic acid on the duration of dormancy of

potato tubers produced by plants derived from true potato seed. Postharvest Biol Technol. 2008;49(3):424–430.
doi: 10.1016/j.postharvbio.2008.02.009. [CrossRef] [Google Scholar]

2. Białecka B, Kępczyński J. Changes in concentrations of soluble carbohydrates during germination of Amaranthus caudatus

L. seeds in relation to ethylene, gibberellin A3 and methyl jasmonate. Plant Growth Regul. 2007;51(1):21–31.
doi: 10.1007/s10725-006-9145-z. [CrossRef] [Google Scholar]

3. Biemelt S, Hajirezaei M, Hentschel E, Sonnewald U. Comparative analysis of abscisic acid content and starch degradation

during storage of tubers harvested from different potato varieties. Potato Res. 2000;43(4):371–382.
doi: 10.1007/BF02360541. [CrossRef] [Google Scholar]

4. Chen HP, Cai SY. Correlation between active oxygen, ethylene and amylase of banana fruit in different grades of maturity.

Subtropical Plant Sci. 2005;34(3):8–10. [Google Scholar]

5. Cools K, Chope GA, Hammond JP, Thompson AJ, Terry LA. Ethylene and 1-methylcyclopropene differentially regulate

gene expression during onion sprout suppression. Plant Physiol. 2011;156(3):1639–1652. doi: 10.1104/pp.111.174979.
[PMC free article] [PubMed] [CrossRef] [Google Scholar]

6. Daniels-Lake BJ, Prange RK. The interaction effect of carbon dioxide and ethylene in the storage atmosphere on potato fry

color is dose-related. HortScience. 2009;44:1641–1644. [Google Scholar]

7. Daniels-Lake BJ, Prange RK, Kalt W, Walsh JR. Methods to minimize the effect of ethylene sprout inhibitor on potato fry

colour. Potato Res. 2006;49(4):303–326. doi: 10.1007/s11540-007-9025-6. [CrossRef] [Google Scholar]

8. Daniels-Lake BJ, Pruski K, Prange RK. Using ethylene gas and chlorpropham potato sprout inhibitors together. Potato Res.

2011;54(3):223–236. doi: 10.1007/s11540-011-9188-z. [CrossRef] [Google Scholar]

9. Downes K, Chope GA, Terry LA. Postharvest application of ethylene and 1-methylcyclopropene either before or after

curing affects onion (Allium cepa L) bulb quality during long term cold storage. Postharvest Biol Tec. 2010;55(1):36–44.
doi: 10.1016/j.postharvbio.2009.08.003. [CrossRef] [Google Scholar]

10. Dubey RS, Singh AK. Salinity induces accumulation of soluble sugars and alter the activity of sugar metabolizing enzymes

in rice plants. Biol Plant. 1999;42:233–239. doi: 10.1023/A:1002160618700. [CrossRef] [Google Scholar]

11. Fernie AR, Willmitzer L. Molecular and biochemical triggers of potato tuber development. Plant Physiol.

2001;127(4):1459–1465. doi: 10.1104/pp.010764. [PMC free article] [PubMed] [CrossRef] [Google Scholar]

12. Foukaraki, S.G., Chope, G.A., Terry, L.A., 2010. Ethylene exposure after dormancy break is as effective as continuous
ethylene to control sprout growth in some UK-grown potato cultivars. In: XXVIII International Horticultural Congress on
Science and Horticulture for People (IHC2010): International Symposium. 934. 1175–1181

13. Foukaraki, S.G., Chope, G.A., Terry, L.A., 2012. 1-MCP application before continuous ethylene storage suppresses sugar
accumulation in the UK-grown potato cultivar ‘Marfona’. Acta Horticulturae

https://doi.org/10.1016%2Fj.postharvbio.2008.02.009
https://scholar.google.com/scholar_lookup?journal=Postharvest+Biol+Technol&title=Effect+of+gibberellic+acid+on+the+duration+of+dormancy+of+potato+tubers+produced+by+plants+derived+from+true+potato+seed&author=AA+Alexopoulos&author=G+Aivalakis&author=KA+Akoumianakis&author=HC+Passam&volume=49&issue=3&publication_year=2008&pages=424-430&doi=10.1016/j.postharvbio.2008.02.009&
https://doi.org/10.1007%2Fs10725-006-9145-z
https://scholar.google.com/scholar_lookup?journal=Plant+Growth+Regul&title=Changes+in+concentrations+of+soluble+carbohydrates+during+germination+of+Amaranthus+caudatus+L.+seeds+in+relation+to+ethylene,+gibberellin+A3+and+methyl+jasmonate&author=B+Bia%C5%82ecka&author=J+K%C4%99pczy%C5%84ski&volume=51&issue=1&publication_year=2007&pages=21-31&doi=10.1007/s10725-006-9145-z&
https://doi.org/10.1007%2FBF02360541
https://scholar.google.com/scholar_lookup?journal=Potato+Res&title=Comparative+analysis+of+abscisic+acid+content+and+starch+degradation+during+storage+of+tubers+harvested+from+different+potato+varieties&author=S+Biemelt&author=M+Hajirezaei&author=E+Hentschel&author=U+Sonnewald&volume=43&issue=4&publication_year=2000&pages=371-382&doi=10.1007/BF02360541&
https://scholar.google.com/scholar_lookup?journal=Subtropical+Plant+Sci&title=Correlation+between+active+oxygen,+ethylene+and+amylase+of+banana+fruit+in+different+grades+of+maturity&author=HP+Chen&author=SY+Cai&volume=34&issue=3&publication_year=2005&pages=8-10&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3135958/
https://pubmed.ncbi.nlm.nih.gov/21593215
https://doi.org/10.1104%2Fpp.111.174979
https://scholar.google.com/scholar_lookup?journal=Plant+Physiol&title=Ethylene+and+1-methylcyclopropene+differentially+regulate+gene+expression+during+onion+sprout+suppression&author=K+Cools&author=GA+Chope&author=JP+Hammond&author=AJ+Thompson&author=LA+Terry&volume=156&issue=3&publication_year=2011&pages=1639-1652&pmid=21593215&doi=10.1104/pp.111.174979&
https://scholar.google.com/scholar_lookup?journal=HortScience&title=The+interaction+effect+of+carbon+dioxide+and+ethylene+in+the+storage+atmosphere+on+potato+fry+color+is+dose-related&author=BJ+Daniels-Lake&author=RK+Prange&volume=44&publication_year=2009&pages=1641-1644&
https://doi.org/10.1007%2Fs11540-007-9025-6
https://scholar.google.com/scholar_lookup?journal=Potato+Res&title=Methods+to+minimize+the+effect+of+ethylene+sprout+inhibitor+on+potato+fry+colour&author=BJ+Daniels-Lake&author=RK+Prange&author=W+Kalt&author=JR+Walsh&volume=49&issue=4&publication_year=2006&pages=303-326&doi=10.1007/s11540-007-9025-6&
https://doi.org/10.1007%2Fs11540-011-9188-z
https://scholar.google.com/scholar_lookup?journal=Potato+Res&title=Using+ethylene+gas+and+chlorpropham+potato+sprout+inhibitors+together&author=BJ+Daniels-Lake&author=K+Pruski&author=RK+Prange&volume=54&issue=3&publication_year=2011&pages=223-236&doi=10.1007/s11540-011-9188-z&
https://doi.org/10.1016%2Fj.postharvbio.2009.08.003
https://scholar.google.com/scholar_lookup?journal=Postharvest+Biol+Tec&title=Postharvest+application+of+ethylene+and+1-methylcyclopropene+either+before+or+after+curing+affects+onion+(Allium+cepa+L)+bulb+quality+during+long+term+cold+storage&author=K+Downes&author=GA+Chope&author=LA+Terry&volume=55&issue=1&publication_year=2010&pages=36-44&doi=10.1016/j.postharvbio.2009.08.003&
https://doi.org/10.1023%2FA%3A1002160618700
https://scholar.google.com/scholar_lookup?journal=Biol+Plant&title=Salinity+induces+accumulation+of+soluble+sugars+and+alter+the+activity+of+sugar+metabolizing+enzymes+in+rice+plants&author=RS+Dubey&author=AK+Singh&volume=42&publication_year=1999&pages=233-239&doi=10.1023/A:1002160618700&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1540178/
https://pubmed.ncbi.nlm.nih.gov/11743089
https://doi.org/10.1104%2Fpp.010764
https://scholar.google.com/scholar_lookup?journal=Plant+Physiol&title=Molecular+and+biochemical+triggers+of+potato+tuber+development&author=AR+Fernie&author=L+Willmitzer&volume=127&issue=4&publication_year=2001&pages=1459-1465&pmid=11743089&doi=10.1104/pp.010764&


9/28/22, 1:55 PMEthylene inhibited sprouting of potato tubers by influencing the carbohydrate metabolism pathway - PMC

Page 12 of 13https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/

14. Foukaraki SG, Cools K, Chope GA, Terry LA. Impact of ethylene and 1-MCP on sprouting and sugar accumulation in

stored potatoes. Postharvest Biol Technol. 2016;114:95–103. doi: 10.1016/j.postharvbio.2015.11.013. [CrossRef] [Google
Scholar]

15. Foukaraki SG, Cools K, Terry LA. Differential effect of ethylene supplementation and inhibition on abscisic acid

metabolism of potato (Solanum tuberosum L.) tubers during storage. Postharvest Biol Technol. 2016;112:87–94.
doi: 10.1016/j.postharvbio.2015.10.002. [CrossRef] [Google Scholar]

16. Frazier MJ, Kleinkopf GE, Brey RR, Olsen NL. Potato sprout inhibition and tuber quality after treatment with high-energy

ionizing radiation. Am Potato J Res. 2006;83(1):31–39. doi: 10.1007/BF02869607. [CrossRef] [Google Scholar]

17. Gottschalk K. Recent developments in potato storage in Europe. Am Potato J Res. 2011;38:85–99. [Google Scholar]

18. Hajirezaei MR, Bőmke F, Peisker M, Takahta Y, Lerchl J, Kirakosyan A. Decreased sucrose content triggers starch

breakdown and respiration in stored potato tubers (Solanum tuberosum) J Exp Bot. 2003;54(382):477–488.
doi: 10.1093/jxb/erg040. [PubMed] [CrossRef] [Google Scholar]

19. Hu R, Lin L, Liu T, Ouyang P, He B, Liu S. Reducing sugar content in hemicellulose hydrolysate by DNS method: a revisit.

J Biobased Mater Bio. 2008;2(2):156–161. doi: 10.1166/jbmb.2008.306. [CrossRef] [Google Scholar]

20. Kalt W, Prange R, Daniels-Lake BJ, Walsh J, Dean P, Coffin R. Alternative compounds for the maintenance of processing

quality of stored potatoes (Solanum tuberosum) J Food Process Preserv. 1999;23(1):71–81. doi: 10.1111/j.1745-
4549.1999.tb00370.x. [CrossRef] [Google Scholar]

21. Lingle SE. Sugar metabolism during growth and development in sugarcane internodes. Crop Sci. 1999;39:480–486.
doi: 10.2135/cropsci1999.0011183X0039000200030x. [CrossRef] [Google Scholar]

22. Men FY, Liu MY. Physiology of potato. Beijing: China Agriculture Press; 1995. pp. 317–335. [Google Scholar]

23. Miron D, Schaffer AA. Sucrose phosphate synthase, sucrose synthase and invertase activities in developingfruit of

Lycopersicon esculentum mill and the sucrose accumulating Lycopersicon hirsutum humb and bompl. Plant Physiol.

1991;95:623–627. doi: 10.1104/pp.95.2.623. [PMC free article] [PubMed] [CrossRef] [Google Scholar]

24. Nielsen TH, Skiarbek HC, Karlsen P. Carbohydrate metabolism during fruit development in sweet pepper (Capsicum

annuum) plants. Plant Physiol. 1991;82:311–319. doi: 10.1111/j.1399-3054.1991.tb00099.x. [CrossRef] [Google Scholar]

25. Olsen N, Thornton RE, Baritelle A, Hyge G. The influence of storage conditions on physical and physiological

characteristics of Shepody potatoesa. Potato Res. 2003;46(1–2):95–103. doi: 10.1007/BF02736106. [CrossRef] [Google
Scholar]

26. Pan YQ, Luo HL, Li YR. Correlating analysis between sucrose content and the activities of four enzymes related to sucrose

metabolism in sugarcane (Saccharum officinarum L) internodes. Plant Physiol Commun. 2007;43(5):861–864. [Google
Scholar]

27. Prange RK, Daniels-Lake BJ, Jeong JC, Binns M. Effects of ethylene and 1-methylcyclopropene on potato tuber sprout

control and fry colour. Am J Potato Res. 2005;82:123–128. doi: 10.1007/BF02853649. [CrossRef] [Google Scholar]

https://doi.org/10.1016%2Fj.postharvbio.2015.11.013
https://scholar.google.com/scholar_lookup?journal=Postharvest+Biol+Technol&title=Impact+of+ethylene+and+1-MCP+on+sprouting+and+sugar+accumulation+in+stored+potatoes&author=SG+Foukaraki&author=K+Cools&author=GA+Chope&author=LA+Terry&volume=114&publication_year=2016&pages=95-103&doi=10.1016/j.postharvbio.2015.11.013&
https://doi.org/10.1016%2Fj.postharvbio.2015.10.002
https://scholar.google.com/scholar_lookup?journal=Postharvest+Biol+Technol&title=Differential+effect+of+ethylene+supplementation+and+inhibition+on+abscisic+acid+metabolism+of+potato+(Solanum+tuberosum+L.)+tubers+during+storage&author=SG+Foukaraki&author=K+Cools&author=LA+Terry&volume=112&publication_year=2016&pages=87-94&doi=10.1016/j.postharvbio.2015.10.002&
https://doi.org/10.1007%2FBF02869607
https://scholar.google.com/scholar_lookup?journal=Am+Potato+J+Res&title=Potato+sprout+inhibition+and+tuber+quality+after+treatment+with+high-energy+ionizing+radiation&author=MJ+Frazier&author=GE+Kleinkopf&author=RR+Brey&author=NL+Olsen&volume=83&issue=1&publication_year=2006&pages=31-39&doi=10.1007/BF02869607&
https://scholar.google.com/scholar_lookup?journal=Am+Potato+J+Res&title=Recent+developments+in+potato+storage+in+Europe&author=K+Gottschalk&volume=38&publication_year=2011&pages=85-99&
https://pubmed.ncbi.nlm.nih.gov/12508058
https://doi.org/10.1093%2Fjxb%2Ferg040
https://scholar.google.com/scholar_lookup?journal=J+Exp+Bot&title=Decreased+sucrose+content+triggers+starch+breakdown+and+respiration+in+stored+potato+tubers+(Solanum+tuberosum)&author=MR+Hajirezaei&author=F+B%C5%91mke&author=M+Peisker&author=Y+Takahta&author=J+Lerchl&volume=54&issue=382&publication_year=2003&pages=477-488&pmid=12508058&doi=10.1093/jxb/erg040&
https://doi.org/10.1166%2Fjbmb.2008.306
https://scholar.google.com/scholar_lookup?journal=J+Biobased+Mater+Bio&title=Reducing+sugar+content+in+hemicellulose+hydrolysate+by+DNS+method:+a+revisit&author=R+Hu&author=L+Lin&author=T+Liu&author=P+Ouyang&author=B+He&volume=2&issue=2&publication_year=2008&pages=156-161&doi=10.1166/jbmb.2008.306&
https://doi.org/10.1111%2Fj.1745-4549.1999.tb00370.x
https://scholar.google.com/scholar_lookup?journal=J+Food+Process+Preserv&title=Alternative+compounds+for+the+maintenance+of+processing+quality+of+stored+potatoes+(Solanum+tuberosum)&author=W+Kalt&author=R+Prange&author=BJ+Daniels-Lake&author=J+Walsh&author=P+Dean&volume=23&issue=1&publication_year=1999&pages=71-81&doi=10.1111/j.1745-4549.1999.tb00370.x&
https://doi.org/10.2135%2Fcropsci1999.0011183X0039000200030x
https://scholar.google.com/scholar_lookup?journal=Crop+Sci&title=Sugar+metabolism+during+growth+and+development+in+sugarcane+internodes&author=SE+Lingle&volume=39&publication_year=1999&pages=480-486&doi=10.2135/cropsci1999.0011183X0039000200030x&
https://scholar.google.com/scholar_lookup?title=Physiology+of+potato&author=FY+Men&author=MY+Liu&publication_year=1995&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1077577/
https://pubmed.ncbi.nlm.nih.gov/16668028
https://doi.org/10.1104%2Fpp.95.2.623
https://scholar.google.com/scholar_lookup?journal=Plant+Physiol&title=Sucrose+phosphate+synthase,+sucrose+synthase+and+invertase+activities+in+developingfruit+of+Lycopersicon+esculentum+mill+and+the+sucrose+accumulating+Lycopersicon+hirsutum+humb+and+bompl&author=D+Miron&author=AA+Schaffer&volume=95&publication_year=1991&pages=623-627&pmid=16668028&doi=10.1104/pp.95.2.623&
https://doi.org/10.1111%2Fj.1399-3054.1991.tb00099.x
https://scholar.google.com/scholar_lookup?journal=Plant+Physiol&title=Carbohydrate+metabolism+during+fruit+development+in+sweet+pepper+(Capsicum+annuum)+plants&author=TH+Nielsen&author=HC+Skiarbek&author=P+Karlsen&volume=82&publication_year=1991&pages=311-319&doi=10.1111/j.1399-3054.1991.tb00099.x&
https://doi.org/10.1007%2FBF02736106
https://scholar.google.com/scholar_lookup?journal=Potato+Res&title=The+influence+of+storage+conditions+on+physical+and+physiological+characteristics+of+Shepody+potatoesa&author=N+Olsen&author=RE+Thornton&author=A+Baritelle&author=G+Hyge&volume=46&issue=1%E2%80%932&publication_year=2003&pages=95-103&doi=10.1007/BF02736106&
https://scholar.google.com/scholar_lookup?journal=Plant+Physiol+Commun&title=Correlating+analysis+between+sucrose+content+and+the+activities+of+four+enzymes+related+to+sucrose+metabolism+in+sugarcane+(Saccharum+officinarum+L)+internodes&author=YQ+Pan&author=HL+Luo&author=YR+Li&volume=43&issue=5&publication_year=2007&pages=861-864&
https://doi.org/10.1007%2FBF02853649
https://scholar.google.com/scholar_lookup?journal=Am+J+Potato+Res&title=Effects+of+ethylene+and+1-methylcyclopropene+on+potato+tuber+sprout+control+and+fry+colour&author=RK+Prange&author=BJ+Daniels-Lake&author=JC+Jeong&author=M+Binns&volume=82&publication_year=2005&pages=123-128&doi=10.1007/BF02853649&


9/28/22, 1:55 PMEthylene inhibited sprouting of potato tubers by influencing the carbohydrate metabolism pathway - PMC

Page 13 of 13https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5055881/

28. Róth E, Berna A, Beullens K, Yarramraju S, Lammertyn J, Schenk A, Nicolaï B. Postharvest quality of integrated and

organically produced apple fruit. Postharvest Biol Technol. 2007;45(1):11–19. doi: 10.1016/j.postharvbio.2007.01.006.
[CrossRef] [Google Scholar]

29. Saraiva JA. Carvalho A and Machado F, Effect of a 50 MPa pressure treatment on green pea seeds germination.

Lausanne: XLII European High Pressure Research Group Meeting; 2004. [Google Scholar]

30. Vassey TL, Quick WP, Sharkley TD, Stitt M. Water stress, CO2 and light effects on sucrose phosphate synthase activity in

Phaseolus vulgaris. Plant Physiol. 1991;81:37–44. doi: 10.1111/j.1399-3054.1991.tb01709.x. [CrossRef] [Google Scholar]

31. Verma AK, Upadhyay PC, Verma S, Solomon SB. Functional analysis of sucrose phosphate synthase (SPS) and sucrose

synthase (SS) in sugarcane (Saccharum) cultivars. Plant Biol. 2011;13(2):325–332. doi: 10.1111/j.1438-
8677.2010.00379.x. [PubMed] [CrossRef] [Google Scholar]

32. Vreugdenhil D. The canon of potato science. Potato Res. 2007;50(3):371–373. doi: 10.1007/s11540-008-9068-3. [CrossRef]
[Google Scholar]

33. Wang YZ, Zhang DP. Regulating effects of ethylene on carbohydrate metabolism in ‘Starkrimson’ apple fruit during the

ripening period. Acta Metall Sin. 2000;27(6):391–935. [Google Scholar]

34. Wang AQ, Huang WJ, Niu JQ, Liu M, Yang LT, Li YR. Effects of ethephon on key enzymes of sucrose metabolism in

relation to sucrose accumulation in sugarcane. Sugar Tech. 2013;15(2):177–186. doi: 10.1007/s12355-012-0202-9.
[CrossRef] [Google Scholar]

35. Yao RL, Li YR, Huang YH, Yang LT, Zhang GR. Effects of ethephon on invertases activities in relation to sucrose

accumulation in sugarcane. Guangxi Agric Sci. 2005;36(2):106–109. [Google Scholar]

36. Zhao S, Chen QM, Fu MR, Yang XY, Qu QL, Dai HF. The inhibition of exogenous ethylene generated by solid ethylene

releasing agents on sprouting of patato tubers in relation to carbohydrate metabolism. Qual Assur Saf Crop. 2015;7(4):423–
429. doi: 10.3920/QAS2013.0384. [CrossRef] [Google Scholar]

37. Zhou Q. Guide of plant physiological and biochemical experiment. Beijing: China Agriculture Press; 1995. [Google
Scholar]

https://doi.org/10.1016%2Fj.postharvbio.2007.01.006
https://scholar.google.com/scholar_lookup?journal=Postharvest+Biol+Technol&title=Postharvest+quality+of+integrated+and+organically+produced+apple+fruit&author=E+R%C3%B3th&author=A+Berna&author=K+Beullens&author=S+Yarramraju&author=J+Lammertyn&volume=45&issue=1&publication_year=2007&pages=11-19&doi=10.1016/j.postharvbio.2007.01.006&
https://scholar.google.com/scholar_lookup?title=Carvalho+A+and+Machado+F,+Effect+of+a+50%C2%A0MPa+pressure+treatment+on+green+pea+seeds+germination&author=JA+Saraiva&publication_year=2004&
https://doi.org/10.1111%2Fj.1399-3054.1991.tb01709.x
https://scholar.google.com/scholar_lookup?journal=Plant+Physiol&title=Water+stress,+CO2+and+light+effects+on+sucrose+phosphate+synthase+activity+in+Phaseolus+vulgaris&author=TL+Vassey&author=WP+Quick&author=TD+Sharkley&author=M+Stitt&volume=81&publication_year=1991&pages=37-44&doi=10.1111/j.1399-3054.1991.tb01709.x&
https://pubmed.ncbi.nlm.nih.gov/21309979
https://doi.org/10.1111%2Fj.1438-8677.2010.00379.x
https://scholar.google.com/scholar_lookup?journal=Plant+Biol&title=Functional+analysis+of+sucrose+phosphate+synthase+(SPS)+and+sucrose+synthase+(SS)+in+sugarcane+(Saccharum)+cultivars&author=AK+Verma&author=PC+Upadhyay&author=S+Verma&author=SB+Solomon&volume=13&issue=2&publication_year=2011&pages=325-332&pmid=21309979&doi=10.1111/j.1438-8677.2010.00379.x&
https://doi.org/10.1007%2Fs11540-008-9068-3
https://scholar.google.com/scholar_lookup?journal=Potato+Res&title=The+canon+of+potato+science&author=D+Vreugdenhil&volume=50&issue=3&publication_year=2007&pages=371-373&doi=10.1007/s11540-008-9068-3&
https://scholar.google.com/scholar_lookup?journal=Acta+Metall+Sin&title=Regulating+effects+of+ethylene+on+carbohydrate+metabolism+in+%E2%80%98Starkrimson%E2%80%99+apple+fruit+during+the+ripening+period&author=YZ+Wang&author=DP+Zhang&volume=27&issue=6&publication_year=2000&pages=391-935&
https://doi.org/10.1007%2Fs12355-012-0202-9
https://scholar.google.com/scholar_lookup?journal=Sugar+Tech&title=Effects+of+ethephon+on+key+enzymes+of+sucrose+metabolism+in+relation+to+sucrose+accumulation+in+sugarcane&author=AQ+Wang&author=WJ+Huang&author=JQ+Niu&author=M+Liu&author=LT+Yang&volume=15&issue=2&publication_year=2013&pages=177-186&doi=10.1007/s12355-012-0202-9&
https://scholar.google.com/scholar_lookup?journal=Guangxi+Agric+Sci&title=Effects+of+ethephon+on+invertases+activities+in+relation+to+sucrose+accumulation+in+sugarcane&author=RL+Yao&author=YR+Li&author=YH+Huang&author=LT+Yang&author=GR+Zhang&volume=36&issue=2&publication_year=2005&pages=106-109&
https://doi.org/10.3920%2FQAS2013.0384
https://scholar.google.com/scholar_lookup?journal=Qual+Assur+Saf+Crop&title=The+inhibition+of+exogenous+ethylene+generated+by+solid+ethylene+releasing+agents+on+sprouting+of+patato+tubers+in+relation+to+carbohydrate+metabolism&author=S+Zhao&author=QM+Chen&author=MR+Fu&author=XY+Yang&author=QL+Qu&volume=7&issue=4&publication_year=2015&pages=423-429&doi=10.3920/QAS2013.0384&
https://scholar.google.com/scholar_lookup?title=Guide+of+plant+physiological+and+biochemical+experiment&author=Q+Zhou&publication_year=1995&


Exogenous ethylene inhibits sprout growth in onion bulbs
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† Background and Aims Exogenous ethylene has recently gained commercial interest as a sprouting inhibitor of
onion bulbs. The role of ethylene in dormancy and sprouting of onions, however, is not known.
† Methods A cultivar (Allium cepa ‘Copra’) with a true period of dormancy was used. Dormant and sprouting
states of onion bulbs were treated with supposedly saturating doses of ethylene or with the ethylene-action inhibi-
tor 1-methylcyclopropene (1-MCP). Initial sprouting was determined during storage at 18 8C by monitoring leaf
blade elongation in a specific size class of leaf sheaths. Changes in ATP content and sucrose synthase activity in
the sprout leaves, indicators of the sprouting state, were determined. CO2 and ethylene production of onion bulbs
during storage were recorded.
† Key results Exogenous ethylene suppressed sprout growth of both dormant and already sprouting onion bulbs
by inhibiting leaf blade elongation. In contrast to this growth-inhibiting effect, ethylene stimulated CO2 pro-
duction by the bulbs about 2-fold. The duration of dormancy was not significantly affected by exogenous ethyl-
ene. However, treatment of dormant bulbs with 1-MCP caused premature sprouting.
† Conclusions Exogenous ethylene proved to be a powerful inhibitor of sprout growth in onion bulbs. The dor-
mancy breaking effect of 1-MCP indicates a regulatory role of endogenous ethylene in onion bulb dormancy.

Key words: Bulb dormancy, Allium cepa, onion, sprout growth, ethylene, CO2 production, respiration,
1-methylcyclopropene.

INTRODUCTION

Sprouting limits the storability of onion (Allium cepa) bulbs. At
harvest, onion bulbs are usually dormant. Depending on geno-
type and storage conditions sprout growth is initiated after a
certain period of storage (Komochi, 1990). Hormonal control
involving a gradual increase of the ratio of sprouting promoters
to inhibitors may underlie the loss of dormancy with time (Gubb
and MacTavish, 2002). However, the specific roles of different
hormones, and especially of ethylene, in the regulation of dor-
mancy and sprouting of onion bulbs is not known. Application
of the ethylene-releasing agent ethephon to dry onions gener-
ally enhanced sprouting (Abdel-Rahman and Isenberg, 1974;
Miedema and Kamminga, 1994; Benkeblia and Selselett-
Attou, 1999). In contrast, application of ethephon during
bulb development in the field apparently reduced sprouting
during storage (Thomas and Rankin, 1982). On the other
hand, treatment of dry bulbs with the ethylene-action inhibitor
1-methylcyclopropene (1-MCP) reduced sprout growth in
bulbs stored at 4 8C or 12 8C, but not when stored at 20 8C
(Chope et al., 2007). Notwithstanding these conflicting
scientific reports it has been shown in commercial onion
stores that continuous application of ethylene retards sprout
growth during cold storage (Johnson, 2006).

Progress in onion dormancy research has been hampered,
at least in part, by inadequate experimental methodology
and using inappropriate genotypes to study dormancy and
sprout growth. Since dormancy of onion genotypes after
harvest can vary between none and several weeks it is

imperative to select a genotype with a true period of dormancy
(Yasin and Bufler, 2007). Moreover, dormancy release in a
population of onion bulbs, even from a single harvest, is not
uniform and can stretch over several weeks (Yasin and
Bufler, 2007). During bulb growth and development sprout
leaf initials are formed at the apex of the compressed stem,
differentiating into small sprout leaves which encircle the
growing point and enclose younger leaves within (Brewster,
1994). These sprout leaves consist of a proximal leaf sheath
and a distal leaf blade, separated by a pore (Fig. 1A) through
which the next youngermost sprout leaf will ultimately
emerge. When sprouting is initiated the leaf blade elongates
but not the leaf sheath (De Mason, 1990); elongation of the
leaf sheath may be delayed by several weeks or even
months, depending on storage conditions (G. Bufler, unpubl.
res.). Thus, by monitoring the length of the leaf blade of a
specific size class of leaf sheaths initial sprout growth can be
detected and tracked during the course of an experiment
(Yasin and Bufler, 2007). Lang et al. (1987) proposed that
dormancy was defined by the non-growth of leaf blades.
Using this approach, it has been shown that extension of leaf
blades in bulbs of Allium cepa ‘Copra’ was initiated about 8
weeks after harvest and was simultaneous with an increase
in respiratory and sink activity in sprout leaves (Yasin and
Bufler, 2007).

The present study was undertaken to clarify the role of
ethylene in onion bulb dormancy and sprout elongation
using the precise methods indicated above for tracking
release from dormancy and initial sprout elongation. The
effects of both exogenous ethylene and 1-MCP were
investigated.*For correspondence. E-mail buflergw@uni-hohenheim.de
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MATERIALS AND METHODS

Plant material

Bulbs of Allium cepa L. ‘Copra’ were grown from seed or trans-
plants at the Experimental Station of Horticulture, University of
Hohenheim. Common agricultural practices of fertilization and
plant disease control were adopted. Bulbs were harvested when

70–80 % of the plants had collapsed foliage. They were sub-
sequently dried for 2 weeks in shallow trays in a ventilated and
temperature-controlled room at 25+2 8C. After drying the
foliage was cut off and the bulbs stored at 18+2 8C.

Treatment with ethylene during dormancy

This experiment was carried out in autumn 2006 (Fig. 2) and
repeated with minor modifications in autumn 2007 (Fig. 3), pro-
ducing similar results. Two weeks after harvest onion bulbs were
divided between eight 60-L plastic barrels connected to a gas
flow-through system. Flow rates (between 10 and 20 L h21)
were adjusted manually during the course of the experiment
using needle valves to keep the CO2 concentration in each of
the containers below 0.5 %. The barrels were in a temperature-
controlled room (18+2 8C). Four barrels were ventilated with
air and the other four containers were ventilated with 7.2+
1.4 mL L21 ethylene in 2006 and 10.6+1.4 mL L21 ethylene
in 2007. Most known ethylene effects are saturated between
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FI G. 1. Photographs and digital scans of sprout leaves isolated from onion bulbs
after different treatments. (A) Longitudinal cut through a dormant onion bulb
showing the stem plate, with the approximate location of sprout leaves. Insert:
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5 and 10 mL L21 (Abeles et al., 1992). The slight fluctuation
in the ethylene concentration in each season was due to the
ethylene source during the treatment period; however, the
actual ethylene concentration was identical in each of the four
barrels. Ethylene was supplied from a compressed nitrogen/
ethylene gas mixture subsequently mixed with air. The ethylene
concentration in the gas lines entering and leaving the storage
barrels was analysed in 1-mL gas samples at weekly intervals
by gas chromatography using a Shimadzu GC-6A (Duisburg,
Germany) equipped with a flame ionization detector, activated
Al2O3 in a 1.4-m stainless steel column, and nitrogen as the
carrier gas. Ethylene concentration in the air supply was below
detection (ethylene detection limit approx. 0.005 mL L21).
Similarly, the CO2 production of the onion bulbs was determined
at weekly intervals by analysing 1-mL gas samples using gas
chromatography using a Shimadzu GC-3BT equipped with a
thermal conductivity detector, activated charcoal in a 0.7-m
stainless-steel column, and helium as the carrier gas. Relative
humidity inside the storage room and storage barrels was kept
below approx. 80 % and 90 %, respectively.

Depending on the experiment, at certain time points, batches
of bulbs were transferred from air to ethylene treatment and
vice versa.

Treatment with ethylene during sprouting

This experiment was carried out only in autumn 2006.
Sprouting bulbs, previously stored for 12 weeks at 18+ 2 8C

were placed at the same temperature in 60-L plastic barrels
and connected to the flow-through system as described
above. Measurement of sprout leaf elongation and CO2 and
ethylene concentration was carried out at weekly intervals as
described above.

Treatment with 1-MCP

This experiment was carried out in autumn 2004 following a
preliminary experiment in 2003 which had similar results.
There were two dates of treatment in 2004, 2 and 4 weeks
after harvest. Since there was no significant difference
between the two dates of treatment only data from the
second date of treatment (2004) are presented. Four weeks
after harvest, onion bulbs were placed at 20 8C in four sealed
50-L plastic containers. The weight of bound 1-MCP
(SmartFreshw powder; a.i. 0.14 %) required to obtain
0.25 mL L21 in a 50-L container was placed in a 10-mL
glass syringe and sealed with a septum. After injecting
0.8 mL of warm water and dissolving thoroughly, the entire
contents of a syringe (gas and liquid) were injected into
each of the four 50-L plastic containers. Control bulbs were
enclosed in another four 50-L plastic containers, but without
receiving any further treatments. After 5 h incubation onion
bulbs from each treatment were removed from the containers
and stored in plastic bins at 18+ 2 8C.

Bulb sampling

At weekly intervals, 40 bulbs were sampled from each treat-
ment (ten bulbs from each of four 60-L plastic containers).
After dissecting the centre of the bulbs, excising the appro-
priate size of sprout leaves and measuring leaf blade length
(see below), sprout leaves still attached to a small part of
the stem plate (smaller than can be seen in Fig. 1A) were
individually frozen in liquid nitrogen, lyophilized and stored
at –30 8C until use.

Determination of initial sprouting

Initial sprout growth was determined as previously described
(Yasin and Bufler, 2007). When isolating appropriate sprout
leaves for freezing in liquid nitrogen outer sprout leaves with
leaf sheaths .3.5 mm in length were excised and discarded;
only sprout leaves with leaf sheaths between 2.0 mm and
3.5 mm in length (Fig. 1A) were used to monitor leaf blade
length using calipers. At harvest (70–80 % foliage collapsed)
bulbs were assumed to be dormant. A one-tailed confidence
interval (n ¼ 40; P ¼ 0.05) of the mean leaf blade length
from 40 randomly chosen bulbs at harvest or 1 week after
harvest was used to define the exclusion limit for dormant
bulbs; i.e. bulbs at subsequent sampling dates containing
sprout leaves (size class of leaf sheaths 2.0–3.5 mm) with leaf
blade lengths exceeding the calculated exclusion limit were
denoted as ‘initially sprouting’ and hence used to calculate
percentage initial sprouting. Exclusion limits in 2004, 2006
and 2007 were determined as 4.3 mm, 5.3 mm and 4.8 mm,
respectively.
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Determination of sucrose synthase activity

Sucrose synthase activity (E.C.2.4.13) was extracted and
determined as described previously (Yasin and Bufler, 2007).
Lyophilized sprout leaves of individual bulbs were powdered
in liquid nitrogen and extracted on ice (100 mL mg21 tissue;
50 mM Hepes–KOH, 5 mM MgCl2.6H2O, 1 mM EDTA,
2.5 mM DTT, 0.05 % TritonX-100, pH 7.5). After centrifu-
gation, an aliquot of the supernatant was dialysed in a
micro-dialyser capsule equipped with a Zellutrans dialysis
membrane (MWCO 12 000–14 000; Carl Roth GmbH,
Karlsruhe, Germany) against buffer (50 mM Hepes–KOH,
5 mM MgCl2.6H2O, 2.5 mM DTT, pH 7.5). Sucrose synthase
activity in the extract was determined in the cleaving direction
as described by Pak et al. (1995). Assay conditions have been
optimized to yield maximum enzyme activities. Sucrose
synthase activity was expressed on a dry-matter basis as
nmol UDP-glucose mg dry matter21 h21. Sucrose synthase
activities represent mean values of sprout leaves isolated
from ten individual bulbs (n ¼ 10).

Extraction and determination of ATP and ADP

Adenine nucleotides were extracted on ice from powdered
lyophilized sprout leaves (10–20 mg) using 5 % (w/v) trichlor-
oacetic acid containing 2 mM EDTA (Yasin and Bufler, 2007).
ATP contents were analysed by a luminometric method using
an ATP monitoring kit (BioThema AB, Handen, Sweden)
based on the firefly luciferase reaction. ATP contents represent
mean values of sprout leaves isolated from ten individual bulbs
(n ¼ 10).

Statistical analysis

Standard error of means (s.e.) are based on measurements of
ten individual bulbs (n ¼ 10) in the case of sucrose synthase
activity and ATP content, and on four storage barrels (n ¼ 4)
in the case of CO2 production rate. Percentage initial sprouting
is derived from the calculation of confidence limits (n ¼ 40,
P ¼ 0.05) of the blade length of dormant bulbs as described
above. When appropriate, treatment means of blade lengths
(n ¼ 40) were subjected to Student–Newman–Keuls test
following ANOVA.

RESULTS

Ethylene treatment

Initial sprouting of previously dormant onion bulbs stored in
air started about 7 weeks after harvest and reached almost
100 % 13 weeks after harvest (Fig. 2A). In contrast, 92.5 %
of dormant onion bulbs continuously treated with
7.2 mL L21 ethylene did not sprout up to 18 weeks after
harvest when the experiment was discontinued (Figs 1B and
2A). Sucrose synthase activity in sprout leaves of air-stored
bulbs increased simultaneously to the initiation of sprout
growth (Fig. 2B), indicating increased sink activity in this
bulb part (Pak et al., 1995; Yasin and Bufler, 2007).
Increase of ATP content, another indicator of initiated sprout
growth (Yasin and Bufler, 2007), also occurred in the sprout
leaves of air-stored bulbs when sprouting was initiated

(Fig. 2C). Continuous ethylene treatment, however, largely
reduced these increases in sucrose synthase activity and ATP
content in sprout leaves (Fig. 2B, C).

The sprouting-inhibiting effect of ethylene disappeared
when ethylene was removed, regardless of the time of
removal (Fig. 3A). If ethylene treatment was short (2 weeks)
and supplied during dormancy (between 2 and 4 weeks after
harvest), sprout growth was initiated at about the same time
as for air-treated bulbs, though the time to reach 50 % sprout-
ing bulbs was increased by about 1 week (Fig. 3A). If ethylene
treatment was extended to 9 weeks after harvest and then
stopped, initial sprout growth was detectable 10 weeks after
harvest (Fig. 3A). In contrast to its inhibiting effect on sprout-
ing, ethylene significantly stimulated CO2 production;
10.6 mL L21 ethylene approximately doubled the CO2 pro-
duction rate of dormant onion bulbs, although this effect
diminished during later stages of the treatment (Fig. 3B). If
ethylene treatment of onion bulbs was started 12 weeks after
harvest when sprouting was fully initiated it also inhibited
sprout growth significantly (Table 1 and Fig. 1C) and stimu-
lated CO2 production, both in a reversible manner (data not
shown). Ethylene-enhanced CO2 production is a common
phenomenon in vegetative tissue (Abeles et al., 1992).

1-MCP treatment

Onion bulbs produce very low amounts of ethylene
(air-stored bulbs in these experiments: between 0.002 and
0.005 mL kg21 h21). To check a possible role of endogenous
ethylene in onion bulb dormancy, onion bulbs were treated
with the ethylene action inhibitor 1-MCP (Sisler and Serek,
1997). Treatment of dormant bulbs 4 weeks after harvest
with 1-MCP caused premature sprouting; initial sprouting of
untreated control bulbs started 7 weeks after harvest, whereas
in bulbs treated with 1-MCP sprout growth was inititated 5
weeks after harvest (Fig. 4A). This hastening effect of
1-MCP on sprout growth initiation corresponded to a prema-
ture increase of sucrose synthase activity 6 weeks after
harvest (Fig. 4B). However, the proportion of bulbs sprouting
increased more slowly in the 1-MCP treatment than in the

TABLE 1. Blade lengths of sprout leaves isolated from sprouting
bulbs after various times of treatment, starting 12 weeks after
harvest, with ethylene (7.2+ 1.4 mL L21) or air at 18 8C (leaf

sheath length 2.0–3.5 mm)

Blade length (mm)

Days of treatment Air Ethylene

0 7.8a –
14 10.3b 8.2a

28 (10.8 b)* 8.1a

Each value represents the mean of 40 bulbs (n ¼ 40).
Numbers followed by the same letter are not significantly different (P ¼

0.05; Student–Newman–Keuls test).
*Exact monitoring of leaf blade length at a defined leaf sheath length

becomes invalid at this stage of sprout development in air because leaf
sheath elongation has started (see Materials and Methods). This is indicated
by an apparently stagnating blade length at a fixed sheath length even though
sprout leaf growth is in progress.
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control; bulbs treated with 1-MCP reached 50 % initial sprout-
ing 3.2 weeks after the start of sprouting (week 5) in contrast
to 1.7 weeks for control bulbs (week 7; Fig. 4A).

DISCUSSION

These results indicate that ethylene has at least two effects on
onion bulbs after harvest: (1) it inhibits sprout elongation and
(2) it interferes with dormancy. While the two effects are
experimentally entangled it is important to note that each is
related to an entirely different physiological process.

Exogenous ethylene inhibited sprout growth of onion bulbs
when supplied during sprouting (Table 1) and when supplied
during dormancy (Figs 2A and 3A). It is suggested that in
both cases ethylene action was primarily on sprout leaf
elongation and not on dormancy as could be supposed in the
latter case. This view is supported by the observation that
after stopping ethylene ventilation during dormancy (week 4)
the increase in percentage of sprouting bulbs occurred at the
same time as in air-stored bulbs, i.e. at the end of natural
dormancy (Fig. 3A). Thus, it seems that the presence of
ethylene prevented sprout growth after the bulbs were released
naturally from dormancy. Translated into the terminology of
Lang et al. (1987) this means that in the course of continuous
ethylene treatment endogenous bulb dormancy was superseded
by ethylene-induced eco-dormancy. As soon as the restraint
imposed by exogenous ethylene was removed sprout growth
could ensue.

Ethylene is known to inhibit growth of stems, leaves and
roots (Abeles et al., 1992). For example, inhibition of potato
sprouting by continuous application of ethylene has long
been known (Rylski et al., 1974) and has found commercial
application (Prange et al., 1998). The nature of growth inhi-
bition of onion sprout leaves by ethylene is not known,
except that ethylene inhibits leaf blade elongation (Fig. 1B,
C). Recently, it has been demonstrated that growth of dark-
grown arabidopsis seedlings is inhibited by ethylene concen-
trations as low as 0.2 nL L21 (Binder et al., 2004) and its
implications for ethylene signalling were discussed (Chen
et al., 2005). Ethylene production of onion bulbs during
dormancy and initial sprout growth was very low (between
0.003 and 0.005 mL kg21 h21) but is reported to increase
during storage (Abdel-Rahman and Isenberg, 1974). Whether
endogenous ethylene is involved in the control of sprout
growth during later stages of sprout development, e.g. when
sprout leaves press through the tightly closed neck of the
bulb, would be an interesting aspect to investigate.

1-MCP has been a powerful tool to demonstrate ethylene
effects in various stages of plant development (Huber,
2008). Treatment of dormant onion bulbs with 1-MCP
caused breaking of dormancy 2 weeks before natural dor-
mancy release was detectable (Fig. 4A). However, the
dormancy-breaking effect of 1-MCP was not very strong, as
indicated by the relatively slow increase in percentage of
sprouting bulbs compared with untreated bulbs. Possibly
only some of the bulbs responded to 1-MCP owing to the
non-uniform sprouting behaviour of onion bulbs. On the
other hand, a 2-week exposure of dormant onion bulbs to
10.6 mL L21 exogenous ethylene did not affect the duration
of dormancy compared with air-treated bulbs (Fig. 3A). It
seems, therefore, that relatively low concentrations of
endogenous ethylene may be somehow involved in the regu-
lation of dormancy but relatively high concentrations of
exogenous ethylene are not. If, however, the ethylene treat-
ment was extended to 9 weeks after harvest, the time to
reach 50 % initial sprouting was shorter (2 weeks versus 3
weeks) than for the air treatment (Fig. 3A). In this case all
or most of the bulbs may have exited endogenous dormancy
9 weeks after harvest, only prevented from sprout leaf
elongation by the presence of ethylene. Like onion bulbs,
potato tubers are low producers of ethylene. In developing
potato microtubers continuous treatment with inhibitors of
ethylene action also resulted in premature sprouting,
suggesting a critical role of endogenous ethylene in tuber dor-
mancy (Suttle, 1998). A 3-d exposure of potato tubers to
2 mL L21 ethylene, however, reduced the length of dormancy
significantly (Rylski et al., 1974). From these and other data it
was concluded that, depending on the concentration and dur-
ation of exposure, exogenous ethylene can either hasten or
delay tuber sprouting (Rylski et al., 1974; Suttle, 2004). At
present a similar conclusion cannot be drawn for onion bulb
dormancy.

Although there may be some similarities in the dormancy
physiology of onion bulbs and potato tubers, onion bulb
dormancy is much less investigated. Nonetheless, the results
in this study clearly indicate that exogenous ethylene
suppresses sprout growth of onion bulbs by inhibiting leaf
blade elongation. The role of ethylene in dormancy control,
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however, is far from clear. Endogenous ethylene may be
involved in maintenance of bulb dormancy as suggested by
the dormancy breaking effect of 1-MCP. It seems likely,
however, that ethylene may be one factor in a complex inter-
action of growth substances still to be identified.
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Abstract. The protrusion of sprouts is a major cause of loss of dry onions (Allium cepa L.)
during extended storage. Sprouting is conventionally suppressed by treating onions with
maleic hydrazide (MH) before harvest. More recently, ethylene was reported to inhibit
sprout growth in stored onions, but commercial use of ethylene has been limited. Therefore,
the objective of this study was to assess the effectiveness of ethylene on sprout suppression
of five commercial cultivars of onions during storage and compare its effectiveness with and
without MH treatment. Onions treated with MH were stored for up to 9 months at 1 �C in
atmospheres with and without ethylene in a series of experiments conducted over six sea-
sons. Differences in sprout elongation and protrusion were observed during storage in air
among the five cultivars. Storage in ethylene was effective in inhibiting sprout elongation
and root growth of onion bulbs in all cultivars, with concentrations of 7 mL·L21 ethylene
being more effective than 1 mL·L21 ethylene. Delaying application of ethylene by 4 months
was less effective in inhibiting sprout elongation than continuous treatment. Ethylene pro-
vided greater sprout suppression than MH treatments alone and could serve as a replace-
ment for MH.

Onions (Allium cepa L.) are a popular
vegetable consumed throughout the world.
In the United States, onions are second only
to potatoes among all vegetables sold, com-
prising more than 10% of total vegetables
at retail based on weight (U.S. Department
of Agriculture Economic Research Service,
2020). To meet demand throughout the year,
onions must be stored for extended periods of
time to ensure a constant supply to retail mar-
kets. Effective storage at 0 �C and 65% to
75% relative humidity (RH) can maintain
good-quality bulbs for $5 months (Ada-
micki, 2016). A significant loss of marketable
onions occurs during extended storage due to
sprouting from dormancy break and, to a
lesser extent, from decay, softening, and root-
ing (Adamicki, 2005).

Dormancy is the temporary suspension of
visible growth of any plant organ containing a

meristem and can be classified into three cate-
gories (Lang, 1987; Rohde and Bhalerao,
2007). Endodormancy initiates when the signal
to suspend growth originates from the organ of
interest. Paradormancy occurs in the organ of
interest due to signals originating from an exter-
nal organ. Ecodormancy is in response to unfa-
vorable environmental conditions. Endo- and
ecodormancy in postharvest onion bulbs are the
primary regulators for arrested growth (Pak
et al., 1995). Growers harvest onions once they
complete the bulbing phase as highlighted by
the cessation of growth and senescence of
aboveground foliage. This signals that the bulbs
have transitioned to an endodormant state.
Bulbs transferred to cold storage remain endo-
dormant for up to 3 weeks, after which, the
bulbs break endodormancy to resume preharv-
est levels of cellular division and are capable of
rooting (Pak et al., 1995), increased respiration
(Ward and Tucker, 1976), and expansion of
sprout leaves near the center of the bulb (Yasin
and Bufler, 2007). The rate and timing of
the resumption of growth varies significantly
among cultivars but can be delayed by holding
onions at 0 to 2 �C (Adamicki, 2005).

Storage can be extended by forcing onion
bulbs into an ecodormant state through expo-
sure to threshold low temperatures or from the
preharvest application of chemical inhibitors
such as maleic hydrazide (MH) (Adamicki,
2005; El-Otmani et al., 2003; Ili�c et al., 2011).
MH is a growth inhibitor that suppresses termi-
nal meristem activity and internodal elongation

Fig. 1. The % sprout length relative to the bulb height of ‘Copra’, ‘Mountaineer’, ‘Patterson’, ‘Pocono’,
and ‘Safrane’ onions from the 2015 to 2020 seasons during storage at 1 �C for up to 9 months in air,
7 mL·L�1 ethylene or air for 4 months, followed by 7 mL·L�1 ethylene (delayed). Onions were
treated with maleic hydrazide in the field before harvest. Error bars represent 2 × SE.
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of plants (Naylor and Davis, 1950). Alternative
approaches for the long-term storage of pro-
duce need to be identified as the use of chemi-
cals in food production comes under increased
scrutiny.

Recently exposure of onions to ethylene
during storage was reported to reduce sprout-
ing (Bufler, 2009; Ohanenye et al., 2019), and
in Europe, the use of ethylene in commercial
storage is being promoted as a method of
sprout suppression. In North America, the use
of ethylene to inhibit sprouting of onions has
received little attention. It has also not been
reported how the effectiveness of ethylene
inhibition on sprouting compares to that of
MH treatments. Further, whether the combina-
tion of MH and ethylene has an additive effect
on the reduction of sprouting has not been
researched. The objective of this study was to
assess the effectiveness of ethylene on the
suppression of sprouting of onions during
long-term cold storage and whether it can sup-
plement or replace the more conventional MH
treatment.

Material and Methods

Onions. For a series of experiments con-
ducted over six seasons, onions were commer-
cially harvested from production fields from
2015 to 2020. A total of five yellow onion cul-
tivars were assessed, which included ‘Copra’
(Bejo Seeds Inc., Geneva, NY; three seasons),
‘Mountaineer’ (American Takii, Inc., Salinas,
CA; four seasons), ‘Patterson’ (Bejo Seeds
Inc.; five seasons), ‘Safrane’ (Bejo Seeds Inc.;
four seasons), and ‘Pocono’ (Seminis Vegeta-
ble Seeds Inc., Tifton, GA; two seasons).
Unless stated otherwise, onions were treated
with 2.26 kg·ha�1 MH (Arysta LifeScience
Canada Inc., Guelph, ON). Treatment occurred
in the field when 40% to 50% of the tops had
fallen 10 to 14 d before harvest. Onions were
harvested in mid-September to early October.
After harvest, bulbs were cured for 10 to 14 d
under a continuous flow of warm dry air. The
air temperature was held at 27 to 29 �C for
�3 d and then lowered to 21 to 24 �C with an
RH of 40%. After curing, onions were cooled
to ambient temperature with 65% to 70% RH
and then transferred to commercial cold stor-
age at 0 to 1 �C and 70% to 75% RH until
being placed under experimental storage condi-
tions in late November. For each storage treat-
ment, onions of each cultivar were sampled
from three fields. Onions were sampled from
different locations within a field in instances
where less than three fields of a specific culti-
var were available.

To test whether continuous ethylene treat-
ment during storage could replace MH treat-
ments, onion samples were manually harvested
in the 2018 and 2019 seasons from sections of
fields that were not sprayed with MH as well
as adjacent sprayed sections. Cultivars included
Pocono (2019) and Safrane (2018 and 2019).
Onion samples (22.7 kg) were placed in mesh
bags, transferred to a bin, and cured with the
rest of the crop.

Storage conditions. Onions were stored at
the Kentville Research and Development

Center (Kentville, Canada) from December
through August in custom-made top-loading
0.34-m3 stainless steel CA chambers. A tray
containing 500 g of CaCl2 was placed in the
bottom of each chamber to control RH. Onions
were sorted to remove any visibly defective
onions and �3.6 kg of samples, each compris-
ing 20 to 30 onions, were placed in mesh bags.
Four mesh bags (one for each evaluation) for
each cultivar/field were placed into bushel plas-
tic bins and bins were placed in storage cham-
bers, which each held four bins and represented
a treatment replication. The chambers were
flushed with air at 2 L·min�1 for 2 to 3 d before
establishing ethylene atmospheres. For ethylene
treatments, compressed ethylene gas was mixed
with air in a manifold to achieve the desired
concentration before introduction to the desig-
nated chamber. Chambers were flushed with
2 L·min�1 of air or ethylene in air on a schedule
of 6 h on/6 h off to maintain a constant ethylene
concentration and flush out CO2. Ethylene con-
centration was monitored every 2 h using an
automated sampling system interfaced with a
Shimadzu gas chromatograph with a photoioni-
zation detector (GC-8A; Shimadzu Scientific
Instruments, Columbia, MD) and an Alumina
F1 60/80 mesh packed column (Chromato-
graphic Specialties Inc., Brockville, ON). Cham-
bers were held in a 1 �C cold room. Actual
temperature and RH were monitored in cham-
bers using data loggers and temperature in

chambers averaged 1.8 ± 0.4 �C and RH aver-
aged 71.6 ± 6.8%.

Treatments. Each season, onions were
stored in air or 7 mL·L�1 ethylene for up to
9 months. Abeles et al. (2012) reported that
saturating effects of ethylene were considered
to occur at ethylene concentration between
5 and 10 mL·L�1, and Bufler (2009) reported
that 7 mL·L�1 ethylene was effective in inhibit-
ing onion sprouting. Therefore, 7 mL·L�1 ethyl-
ene was chosen as a standard ethylene treatment
concentration and was applied each season.

A delayed ethylene treatment was applied
in the 2015, 2016, 2017, 2018, and 2019 sea-
sons, where onions were held in air for the first
4 months and then held in 7 mL·L�1 ethylene
for the remainder of storage starting at the
beginning of April. To explore the effective-
ness of a lower ethylene concentration, in the
2015 season, onions were held in 1 mL·L�1

ethylene for the entire storage period. In the
2018 and 2019 seasons, onions with and with-
out MH treatment were stored in air, 7 mL·L�1

ethylene, or air for 4 months followed by
7 mL·L�1 ethylene (delayed). In the 2020 sea-
son, to assess potential shelf life after storage,
‘Patterson’ and ‘Mountaineer’ onions were
stored in air or 7 mL·L�1 ethylene, and onions
were evaluated immediately after storage or
after an additional 4 weeks at ambient condi-
tions, which averaged 20.5 ± 0.9 �C and 65.0 ±
12.2% RH.

Fig. 2. The % bulbs with protruding sprouts of ‘Copra’, ‘Mountaineer’, ‘Patterson’, ‘Pocono’, and
‘Safrane’ onions from the 2015 to 2020 seasons during storage at 1 �C for up to 9 months in air,
7 mL·L�1 ethylene or air for 4 months followed by 7 mL·L�1 ethylene (delayed). Onions were
treated with maleic hydrazide in the field before harvest. Error bars represent 2 × SE.
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Onion evaluation. Onions were removed
from storage for evaluation after 0, 3, 5, 7, and
9 months for each season. At each removal, a
subsample of the onions consisting of a mesh
bag containing �3.6 kg of onions was removed
from the treatment chambers and onion bulb
quality was assessed. Upon removal, onions
were placed under plastic to prevent condensa-
tion and held overnight to warm to room temper-
ature. Onions were then weighed to determine
weight loss and assessed for the presence of
decay and protruding sprouts. Decay caused by
both fungal and bacterial pathogens was variable
among onion cultivars, fields, and seasons and
included Fusarium basal rot, neck rot, sour skin,
and soft rot. Some decay was not apparent until
bulbs were cut. Any amount of decay was con-
sidered unacceptable, and decayed bulbs were
counted and discarded. To assess sprout growth,
onion bulb height was measured from stem
plate to shoulder and the onion was then cut lon-
gitudinally, and sprout length was measured from
stem plate to tip of the sprout. Bulbs expressing
rooting were counted in the 2018 and later sea-
sons. Desiccation of bulbs was not observed,
except for those expressing substantial sprouting.

Statistical analysis. For each season the
experimental design for storage was a latin-
ized block, where each block comprised one
of the three fields that served as replicates for
each cultivar, and storage chambers were
assigned to each of the storage treatments.
Each of the four totes within a chamber con-
tained four bags of onions, one for each of
the four storage removals. Onions in a tote
represented one cultivar for one field. Data were
analyzed by analysis of variance using Genstat
for Windows 21st Edition (VSN International,
Hemel Hempstead, UK). A meta-analysis of the
combined data from the 2015 to 2020 seasons
was conducted using the restricted maximum
likelihood procedure in Genstat to provide a
robust assessment of the continuous and delayed
7 mL·L�1 ethylene treatments. A mixed-model
analysis was used with a meta-structure on sea-
sons. A random model of Year/Chamber.Rep
was used with a fixed model of storage treat-
ment × cultivar × removal. Large residuals were
removed before analyses and F probabilities
<0.05 were considered significant.

Results and Discussion

Sprout elongation in air. At the beginning
of storage, % sprout/bulb length ranged from
32.6% in ‘Copra’ to 44.2% in ‘Mountaineer’
based on the meta-analysis of onions stored
over six seasons (Fig. 1). Initial sprout length of
‘Pocono’ and ‘Safrane’ was similar to that of
‘Copra’, whereas that of ‘Patterson’was similar
to ‘Mountaineer’. The % sprout/bulb length of
all cultivars increased during 9 months of stor-
age, although there appeared to be a delay in
elongation during the first 3 months of storage
in ‘Patterson’ and to a lesser degree in ‘Pocono’
and ‘Safrane’ onions. This delay in elongation
suggests that the duration of endodormancy
varied among the cultivars in this study. The
meta-analysis revealed a significant interaction
between onion cultivars and storage time (P <
0.001). After 9 months of storage, sprout length

increased 132% in ‘Pocono’, followed by
‘Safrane’ (117%), ‘Copra’ (110%), ‘Mountai-
neer’ (107%), and ‘Patterson’ (87%). Protrud-
ing sprouts were not apparent among bulbs
from most cultivars until 7 months of storage,
when air-stored ‘Mountaineer’ and ‘Pocono’
onions both had more than 9% bulbs with visi-
ble sprouts (Fig. 2). After 9 months of storage,
the percentage of onions with protruding sprouts
was greatest in air-stored onions of the cultivar
‘Mountaineer’ (18.1%), followed by ‘Pocono’
(11.9%), ‘Patterson’ (6.9%), ‘Safrane’ (4.8%),
and ‘Copra’ (3.1%).

Sprouting following prolonged storage
varied substantially among onion cultivars
(Aoba, 1955; Grevsen and Sorensen, 2004;
Miedema, 1994). Aoba (1955) reported the
cultivar-dependent rate of sprout elonga-
tion among three cultivars commenced
after 1 to 2 months of normal storage
conditions. In a review of onion dor-
mancy, Komochi (1990) concluded the
rate of sprout elongation was more impor-
tant than the length of endodormancy in
determining sprout resistance of onions.
Brewster (1987) described sprout elonga-
tion as a continuous process that acceler-
ated with storage time. We observed that
after 3 months of storage, sprout elongation
increased at a constant rate ranging from
3.2% to 6.5% per month among the culti-
vars. ‘Copra’ had the lowest rate of sprout
elongation as well as the least number of
bulbs with protruding sprouts.

Ethylene. Sprout growth was reduced in all
onions stored in 7 mL·L�1 ethylene atmospheres
compared with onions stored in air (Fig. 1).

Fig. 3. The % bulbs with decay of ‘Copra’, ‘Mountaineer’, ‘Patterson’, ‘Pocono’, and ‘Safrane’ onions
from the 2015 to 2020 seasons during storage at 1 �C for up to 9 months in air, 7 mL·L�1 ethylene
or air for 4 months, followed by 7 mL·L�1 ethylene (delayed). Onions were treated with maleic
hydrazide in the field before harvest. Error bars represent 2 × SE.

Fig. 4. The % sprout length relative to the bulb
height of ‘Copra’, ‘Mountaineer’, and ‘Patterson’
onions from the 2015 season during storage at
1 �C for up to 9 months in air, 1 mL·L�1 ethyl-
ene, or 7 mL·L�1 ethylene. Onions were treated
with maleic hydrazide in the field before harvest.
Error bars represent 2 × SE.
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After 9 months of storage, the % sprout/bulb
length of onions stored in 7 mL·L�1 ethylene
averaged 16.4% to 23.5% less than air-stored
onions in the five cultivars studied. Storage in
7 mL·L�1 ethylene also reduced sprout emer-
gence, which after 9 months of storage was
26.1%, 66.7%, 65.5%, 86.1%, and 58.2%
less than air stored ‘Copra’, ‘Mountaineer’,
‘Patterson’, ‘Pocono’, and ‘Safrane’ onions,
respectively (Fig. 2). This inhibition of sprout
growth was previously reported for ‘Copra’
onions held in 7 or 10 ppm ethylene at 18 �C
(Bufler, 2009) and ‘Sherpa’ onions held in
10 mL·L�1 ethylene at 1 �C (Alamar et al.,
2020; Ohanenye et al., 2019).

When the application of 7 mL·L�1 ethylene
was delayed until the end of the fourth month of
storage, sprouting was delayed similarly to that
observed in the continuous 7 mL·L�1 ethylene
treatment in ‘Patterson’ but to a lesser degree in
other cultivars (Figs. 1 and 2). After 9 months of
storage, the % sprout/bulb length was 7.5%,
11.9%, 13.7%, and 11.1% greater in ‘Copra’,
‘Mountaineer’, ‘Pocono’, and ‘Safrane’ onions
subjected to the delayed ethylene treatment com-
pared with those held in continuous 7 mL·L�1

ethylene (Fig. 1). The lack of difference in
‘Patterson’ between the delayed and continu-
ous ethylene treatment may be a result of
the endodormancy observed during the first
3 months of storage that was not observed in
the other cultivars. The delayed ethylene treat-
ment was also less effective compared with the
continuous treatment in suppressing sprout
emergence of most cultivars (Fig. 2). After
9 months of storage, onions subjected to the
delayed ethylene treatment averaged 3.2%,
1.4%, 3.2%, and 2.4% more bulbs with pro-
truding sprouts in ‘Mountaineer’, ‘Patterson’,
‘Pocono’, and ‘Safrane’, respectively, than in
onions subjected to ethylene throughout stor-
age, whereas differences in ‘Copra’ were <1%
(P < 0.001). Bufler (2009) also observed that
a delayed ethylene treatment reduced sprout
elongation and suggested that although the
presence of ethylene inhibited elongation, this
inhibition was lost when onions were removed
from the ethylene atmosphere.

Decay was unaffected by ethylene treatment
(Fig. 3). With the exception of ‘Pocono’,
decayed onions comprised <7% in all treat-
ments and storage times. After 9 months of stor-
age in 7 mL·L�1 ethylene, decay of ‘Pocono’
bulbs comprised 18% of the bulbs compared
with 8.3% of bulbs in air or 9.7% of bulbs held
in the delayed ethylene treatment. Ethylene
treatments had no significant effect on fresh
weight loss during storage. After 9 months of
storage, weight loss averaged 8.0%, 7.6%,
and 8.8% in air, continuous 7 mL·L�1 ethy-
lene, and delayed 7 mL·L�1 ethylene treatments,
respectively.

Ethylene concentration. In the 2015 season,
continuous treatment with 1 mL·L�1 ethylene
was compared with 7 mL·L�1 ethylene for three
onion cultivars (Fig. 4). Differences in % sprout/
bulb length had a significant interaction among
cultivars and treatments (P 5 0.006), with
reduction of sprout elongation by the 1 mL·L�1

ethylene treatment being less in ‘Patterson’
onion than those of ‘Copra’ or ‘Mountaineer’.

After 9 months of storage, onions held in
1 mL·L�1 ethylene had 4.0%, 3.5%, and 17.9%
greater % sprout/bulb length than those held in
7 mL·L�1 ethylene in ‘Copra’, ‘Mountaineer’,
and ‘Patterson’ onions, respectively. The effect
of ethylene treatments on protruding sprouts or
decay did not differ significantly. Because these
preliminary results indicated that 1 mL·L�1 eth-
ylene was less effective in inhibiting sprout elon-
gation than 7 mL·L�1 ethylene, later seasons
continued to focus on the 7 mL·L�1 ethylene
treatment. Although no other studies report
direct comparisons of ethylene concentrations
on sprout inhibition, Bufler (2009) treated
‘Copra’ onions with 7.2 or 10.6 mL·L�1 ethyl-
ene in different seasons and observed a similar
inhibition of sprout growth.

Maleic hydrazide. In the 2018 and 2019
seasons, onions were harvested both with and
without MH treatment and subjected to storage
in air or ethylene to assess whether ethylene
treatments could be an effective replacement for
MH. Sprouting of ‘Safrane’ onions was reduced
by both MH and ethylene treatments (Fig. 5).
Air-stored onions treated with MH had 22%
lower % sprout/bulb length than onions not
treated with MH after 9 months of storage. A
greater reduction in % sprout/bulb length was
observed in onions held in continuous 7 mL·L�1

ethylene in both MH treated and untreated
onions, which were 40% and 35% lower than
untreated air-stored onions after 9 months of
storage, respectively. However, when ethylene
treatment was delayed 4 months, sprout growth

was greater in onions that were not treated with
MH than in those that received the MH
treatment.

The number of onions with protruding
sprouts reflected these effects on sprout
growth. MH treatment reduced the number of
bulbs with protruding sprouts in ‘Safrane’
onions stored in air and the delayed ethylene
treatment. However, onions subjected to con-
tinuous ethylene had <2% bulbs with pro-
truding sprout throughout storage regardless
of MH treatment (P 5 0.013). Rooting of
bulbs was also inhibited by both MH and eth-
ylene treatments. The combined treatment of
MH and continuous 7 mL·L�1 ethylene totally
inhibited root formation in ‘Safrane’ onions.
Those treated with only MH or continuous
7 mL·L�1 ethylene had 8% or 13% of bulbs
having roots after 9 months of storage,
respectively. In contrast, more than 58% of
untreated air-stored onions developed roots
after 9 months. When ethylene was delayed,
38% of onions not treated with MH devel-
oped roots (P 5 0.002). Similar results were
reported in ‘Sherpa’ onions where storage in
10 mL·L�1 ethylene at 1 �C for 35 weeks
resulted in 18% of bulbs forming roots as
compared with 63% of air stored bulbs
(Cools et al., 2011). Decay and weight loss of
stored onions were not significantly affected
by the MH or ethylene treatments.

In contrast to ‘Safrane’ onions, sprouting and
root growth of untreated ‘Pocono’ onions from
the 2019 season remained low during storage.

Fig. 5. The effect of preharvest maleic hydrazide (MH) treatment on % sprout length relative to the
bulb height, % bulbs with protruding sprouts, and % bulbs with roots of ‘Pocono’ and ‘Safrane’
onions from the 2018 and 2019 seasons during storage at 1 �C for up to 9 months in air, 7 mL·L�1

ethylene, or air for 4 months, followed by 7 mL·L�1 ethylene (delayed). Error bars represent 2 × SE.
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No significant differences between onions treated
with MH or ethylene treatments on sprout
growth, rooting, or decay were observed (Fig. 5).

Shelf life. In the 2020 season, quality
retention of MH treated ‘Mountaineer’ and
‘Patterson’ onions following storage in air or
continuous 7 mL·L�1 ethylene was determined
after an additional 4 weeks in air at room tem-
perature, which averaged 20 �C. After three
months of storage, the additional four weeks of
ambient storage did not significantly increase
unmarketable onions, which averaged less than
6% and 7% of ‘Mountaineer’ and ‘Patterson’
onions, respectively (Fig. 6). However, when
onions stored for$5 months were removed from
1 �C storage and held an additional 4 weeks, the
percentage of unmarketable onions increased sig-
nificantly as a result of increased sprout elonga-
tion (P < 0.001), sprout protrusion (P < 0.001),
and bulb decay (P < 0.001). Unmarketable
onions were significantly less in onions held in
7 mL·L�1 ethylene than those held in air for both
‘Mountaineer’ and ‘Patterson’ due to a reduction
in sprout elongation (P 5 0.017) and protrusion
(P 5 0.014). After 7 and 9 months of storage,
the percentage of bulbs with protruding sprouts
did not increase significantly in the onions held in

7 mL·L�1 ethylene during the additional 4-week
shelf-life treatment. In contrast, onions stored in
air had 24% to 33% more protruding sprouts
than onions that had been stored in 7 mL·L�1

ethylene. However, after 7 or 9 months of stor-
age, onions stored in ethylene developed 7% to
16% more decayed bulbs after 4 weeks at 20 �C
than air stored onions. In ‘Patterson’ an increase
in decayed bulbs (8%) was also observed imme-
diately after 9 months of storage. Similarly, in the
meta-analysis of onion cultivars stored over six
seasons, incidence of decay of ‘Pocono’ onions
increased after 9 months of storage in 7 mL·L�1

ethylene (Fig. 3). Further assessment of residual
effects of ethylene treatment during different
ambient shelf-life conditions and durations should
be conducted to further assess commercial bene-
fits of ethylene treatments.

Greater levels of both fungal and bacterial
decay after prolonged storage in ethylene
became apparent after ambient storage and
could be a result of ethylene-induced increase
in decay susceptibility of the onions. Ethylene
stimulates senescence in fruit and vegetative
tissues of plants resulting in increased suscep-
tibility to decay (Saltveit, 1999). Previous
studies report ethylene enhanced decay

incidence and severity in nonclimacteric fruit.
The use of ethylene to de-green oranges [Cit-
rus sinensis (L.) Osbeck] increased stem-end
rot caused by Diplodia natalensis P. Evans
(Brown and Lee Hyoung, 1993) and severity
of gray mold in strawberries (Fragaria ×ana-
nassa Duch.) inoculated with Botrytis cinerea
Pers.:Fr. (El-Kazzaz et al., 1983). Similarly,
removing ethylene from the storage environ-
ment reduced strawberry fruit susceptibility to
gray mold (Wills and Kim, 1995) and pedun-
cle rot caused by Penicillium in stored pineap-
ples (Ananas comosus L.) (Sabater-Vilar
et al., 2018). In contrast, continuous exposure
of stone fruit and grapes (Vitis vinifera L.) to
ethylene did not increase the incidence or
severity of brown rot (Monilinia fructicola) or
gray mold (Palou et al., 2003), whereas ethyl-
ene induces resistance in Nicotiana benthami-
ana to Botrytis (Chagu�e et al., 2006). The
prolonged exposure to ethylene in our study
may negate any potential beneficial effects
in mitigating decay. Ethylene-induced decay
appeared to be cultivar dependent and was not
observed until after $8 months of storage and
shelf-life evaluation. Additional assessments may
be needed to evaluate whether this observed
effect would be a significant concern under com-
mercial onion storage and marketing.

Conclusion

Storage of onions in atmospheres con-
taining ethylene appears to be an effective
technology to prolong storage life with
acceptable quality being maintained for up
to 7 months in all cultivars assessed in this
study. An atmosphere of 7 mL·L�1 ethylene
was effective in prolonging storage life of
MH treated onions by inhibiting sprout elon-
gation and root growth. Although differ-
ences in sprout elongation were observed
among the five cultivars evaluated in this
study, ethylene was effective in reducing
sprout elongation in all cultivars. Delaying
the application of ethylene by 4 months also
delayed sprouting but was not as effective as
the continuous treatment. Ethylene provided
greater benefit than could be obtained by
MH treatments alone and could serve as a
replacement for MH. For maximum effec-
tiveness, ethylene exposure must be main-
tained throughout storage. Furthermore, the
residual effectiveness of sprout inhibition on
onions stored in 7 mL·L�1 ethylene without
MH requires further evaluation.
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