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options that are discussedThe cleanup procedure and the disposal 

herein are based on field observations and measurements performed 

by us (Harry Compton and Philip Campagna) at the malathion 

warehouse fire, on past experience and on discussion between us 

and the Sri Lanka Anti Malaria Campaign and the Ministry of 

Health personnel.
 

decision if all or part of the cleanup procedure andThe final 

what disposal option is used for the waste malathion can best 

be determined by the Sri Lanka Government for the following 

reasons. 

1. The type and quantity of equipment and material available. 

2. The cost vs the environmental and health impact of the 

options choosen.
 

It should also be noted that the cleanup procedures and disposal 

methods may vary due to different conditions observed at the 

site. Also cleanup procedure and disposal options may have to
 

be changed once the analytical information from American
 

Cyanimide is obtained.
 

Cleanup Procedure
 

All or part of the following procedure can be used to remove and 

It is recommended that removal betransport the malathion waste. 



done in small sections (i.e. pile 1, then pile 2 etc). The 

removal should also be done methodically and cattiously. It is 

also reco iiiendel that during the removal the following 

measurenent be taken periodically (i.e. once per hour). 

1. The temperature of the inner core of the pile, 

2. The amount of hydrogen sulfide and sulfer dioxide being 

released near the digging,
 

3. The amount of explosive vapours being given off, and 

4. The amount of visible dust or particulates that are leaving 

the work area (optional).
 

The temperature measurement can be accomplished using a thermo

meter on a lona pole or by using a thermocouple. The hydrogen 

sulfide and sulfer dioxide. leveI5 can be measured using the 

draegertube setup left behind for your use.
 

The explosive vapour levels are measured using an explosimeter 

(petroleum and chemicals co. may have availability).
 

The amount of dust that is leaving the work area can be 

determined by using a portable particulate monitor or by visual 

ilnspec t i onl. 

It is also recommended that if any of the following conditions 

occur during the removal that the work cease and the pile 

1,
 



recovered with sand and soil.
 

1. 	The explosive vapour reading reached 50% of the lower
 

expiosive limit (LEL).
 

2. 	The hydrogen sulfide vapour reading is greater than 50 ppm.
 

3. 	 The sulfer dioxide level is greater than 20 ppm. 

4. 	 The amount of particulate or dust leaving the work area into 

the surrcunding community is greater than 15 mg per cubic 

me te r. 

5. 	 There is a large increase in the temperature of the core of 

the pi I e. 

6. 	 lhe pile re-ignites. 

7. 	 There is high levels of irratant malathion odors affecting 

the community. 

Removal arid Transportation Method
 

The 	 area to be removed should be first sprayed (i.e. with a 

2-10% calcium or sodium hypochlorite solution) This can be 

accomplished by using a 55 gallon drum, submersible pump 

(swimming pool pump) and garden hose with nozzle. The 

hypochlorite spray should also be continuously applied to the 

face 	 of the pile that is being worked on. Tile purpose of the 

hypochiorite spray is to prevent the malathion odor-. The 

moisture will also prevent dust emmission. 



A front end loader or a backhole equipped with a bucket (m.in 3
 

cubic yards) can be used to load the malathion into dump trucks
 

or equivalent vehicles (the size and number of trucks will depend 

on the distance it must travel to the disposal site. If the
 

disposal site is close by a 6 to 12 cyd truck may be used. If it 

is a long distance 12 cyd truck or larger should be used). The 

dump trucks should be equipped with .i back gate that can be 

opened/closed. lhe truck should also be equipped with tarpolean 

covers or equivalent cover. If possible the truck should also be 

lined with polythene sheeting or other plastic before the 

malathion is placed into it. Also if possible the tail gate of 

the truck should be sealed. This can be done using roofing tar. 

This will prevent spillage of the material from the truck during 

shipment. The importance of sealing the tailgate and the lining 

of the truck is also dependent on the location of tile disposal 

site. If site one is used the dump truck may not have to be
 

lined or sealed.
 

During the loading of the trucks with tile waste malathion crushed 

slake limiie or other type of caustic material (cement dust, 

calcium oxide) should be added in.
 

A minimum ratio of 18 parts malathion, 2 parts of slakelime 

also slakelime should be added at the disposal site (20% min). 

It is also recommended that if the material is to be transported 

a considerable distance from the warehouse, or through a 



populous area, the truck should be loaded a layer with a layer
 

of calcium or sodium hypochlorite (powder) or activated coconut 

charcoal on top and covered. 

Also if the trucks are going to travel through populous areas
 

it is recommended that after they are loaded that the tires and 

the sides of the truck be washed down before they leave the site. 

This is to prevent the trucks from tracking the malathion off 

site. A 5% hypochlorite solution should be used for washing. 

If the disposal sites are located away from the site both tile 

outside and the inside bed of the truck should be washed (i.e. 

the disposal site) after it has dumped its load. If tile disposal 

area next to the site is used by tle trucks it should be washed 

at the end of the proejct or when ever they leave the work site. 

After all of the piles have been removed, if it is decided 

not to remove the building including the concrete floor, the 

floor and the walls will have to be decontaminated. 

The decontamination procedure would consist of washing the walls 

and the concrete floor with 10% hypochlorite. Tle wash solution 

and be placed in 5 gallonwill be collected from draining systems 

drums and disposed of by spreading it on top of tile malatheon 

disposal pile.
 

If the building is to be removed the walls and the concrete
 



floors should be disposed of with the milathion. It is al so
 

recommended that approximately 6" to a foot of soil beneath the
 

floor be also removed and buried with the malathion waste.
 

Protective Equipment
 

The following equipment would allow for maximum protection for
 

personnel workinq with and or around the malathion.
 

1. 	Disposalble coveralls made of paper or rain suits (personnel
 

washing trucks or spraying should wear rain suits).
 

2. 	Rubber gloves or surgical gloves 2 pairs under work gloves.
 

3. 	Rubber boots or work boots covered by disposable boots or
 

rain boots.
 

4. 	Respirator equipment with organic/acid gas and particulate
 

filter (if mask does not cover eyes, then use chemical
 

goggles or face shield).
 

(I) 	If rain suites and rain boots are used they should be left
 

at site day to day and the outside washed everyday or when
 

removed with 2% hypochlorite or chlorine bleached solution.
 

Washing should be done with gloves. 

(2) 	 If Lhere isn't any malatheon vapours and if there is no 

rePading on the hydrogen sulfide and sulfer dioxide tubes then 

the workers may be able to use inspirators with particulate 

fi 1ters. 



The major concern for personnel working with the waste malathion
 

will be inhalation and skin contact with the vapours and dust.
 

Disposal Options:
 

1. Introduction
 

Following our meeting with the Anti-Malaria Campaign (AMC) 

people, Dr. 4 Fernando, Dr. Dias and John Stevens on Monday 

morning, three seperate disposal locations with varying 

characteristics were chosen as potential sites for land farming 

the burned malathion.
 

The members of US-EPA-ERT were shown these three potential 

disposal areas Monday afternoon to assist in the decision of
 

choosing tie preferable area. 

The warehouse with the burned malathion/soil is located on a hill 

with an elevation of approximately 150 ft and is surrounded on 

2 sides by .i small residential population. 

Characteristics of Disposal Area No. I 

This area is broad and flat with a red clay soil, located 

approximately 9OO ft from the warehouse and at an approximately 



100 ft lower elevation. The area apparently has historicaly been
 

used as a source of fill material and subsequently the area is
 

surrounded on three sides by 50 to 100 ft of unexcavated natural
 

soil. The size of the area is approximately 450 ft by 900 ft
 

(1 acre).
 

In this area there is a marsh land along one side 30 to 25 ft
 

lower in elevation. (The water table is at this lower elevation).
 

The marshland is part of a long valley surrounded by small
 

hills. There are small residential areas located approximately 

1/2 to one mile from this disposal site. The residents have 

small vegetablP gardens located along the toe slopes of the 

1i 11 s. 

Disposal of Malathion Area No. 1
 

The procedure for the malathion disposal in this area would
 

include the construction of a road from the warehouse down to the
 

disposal area. Vie strongly discourage bulldozing the material
 

over the hill into the area.
 

A 150 ft by 150 ft disposal area should be dug out to a maximum
 

of 4 ft deep (main 3ft). A 3 to 4" layer of crushed limestone
 

act
and cement dust (calcium oxide) are applied on the bottom to 


as a chemical/physical barrier to contain leaching of the
 

in the bottom of
malathion waste. The thickness of the limestone 


C;
 



the pit will depend on availability and cost constraints (a 3" 

layer would require approximately 250,000 lbs of limestone). The 

malatheon/soil material should be applied as described in section 

entitled removal and transportation. There should be an 

application of calcium and or sodium hypochlorite on top of the 

material which will reduce the offensive odors of the methyl

mercaptan and allow an additional physical/chemical barrier. 

Further, there should be a cap of soil. TIhc construction of the 

pit and the application of the slakelime bottom can be done in
 

section.
 

When constructing the 3 to 4 ft pit for disposal the material
 

from the floor of the existing area should be moved to the un

walled shallow area which would allow for a vertual 8 ft high 

berm a long its shallowest sides. This would allow for
 

sufficient containment of any particulate runoff.
 

We recommend the area have limited public access (fencing) and 

be unused for at least 6 months depending upon the available
 

limestone and mixing of material during application. 

Advantaqes/Disadvantages of Disposal Area No. I 

The advantages of this area are : 

I. Tile depth to ground water/marsh (20-25 ft). 



2. 	Proximity to the warehouse itself.
 

3. 	The least amount of engineering effort (relative to the other
 

two disposal areas).
 

4. 	Clay soil for absorbtion of any leached material. 

5. 	The small population in the area and,
 

6. 	The area has limited use. No additional soil is needed as 

on the other potential disposal sites. 

Characteristics of Disposal Area No. 2
 

The 	area is located about 3-4 miles from the warehouse and is in
 

a low lying marsh area that has historically been used as a 

sanitary land fill with some over layering of fill and is
 

currently overgrown with vegetation. The depth to groundwater
 

is less than 5 ft by visual inspection.
 

There is a very small or no residential population nearby. 

Disposal of Malatheon in Area No. 2
 

This area would require several feet (5') of soil for a base or 

fill rolled for compaction to minimize leahing. Additionally it 

would require a 3 to 4 foot berm surrounding the area to control 

and 	 minimize runoff. Once constructed, the area can be engineered 

as outlines for disposal area No. 1.
 



Off site treatment of malathion waste; UNCONSTRAINED CONDITIONS
 

Using the following assumptions:
 

I. 	 original store of malathion = 1.3 million lbs 

at 50% concentrated 650,000 lbs 

2. 	 Residual malathion after the fire = 75% or 487,500 lbs 

The 	 preferred off site disposal of malathion in the US is to 

neutralize the pesticide with excess lime (CaO) or limestone
 

(CaC03) and sand in a pit with a minimum depth of 18 inches. 

1. 	Contain the debris inside and adjacent to the building. 

2. 	 Construct a pit and line it with 3 to 6 inches of slake 

lime to act as physical/chemical barrier. 

3. 	 Till the malathion waste with equivalent weight of lime for 

each pound of pesticide 487,500 lbs malathion/487,500 lbs 

I i me. 

4. 	 Till the mixture to a maximum depth of 18 inches. 

5. 	 Lye should be added to the mixture to help speed the 



should be retilled with additional limestone/slake lime and re

sampled and analysed in 2 months. The sampling may be performed
 

with the equipment US EPA ERT is leaving with the Anti Malaria 

Campa i g n. 

Should additional limestone become available we recommend it to 

be added to the waste material and have it tilled into pit. 

In Situ Batch Treatment of Malathion; unconstrained conditions 

Under different circumstances the approved method (in the US) 

of malathion would be an in situ batch with a sodium/calcium 

hypoclorite solution. This would be performed in a reaction 

vessel and/or tanks or disposable swimming pools. 

Using a 20% calcium or sodium hypochlorite solution and water 

keeping the p1l around 8 to 10. Then malathion waste is put
 

into the mixing tank and allowed to stay for 24 hours. The 

malatheon/hypoclorite rates should be 1:1.
 

The water would be discharged to another tank when the pH 

would be aJjusted to 7 and then transferred to waste water 

treatment facility. The sludge material would be transferred 

to a sanitary landfill. 



reaction.
 

6. 	 The area required would be approx. 13,000 ft2. The limestone 

weight would be 

487,500 lbs - for mixing
 

162,500 lbs - floor of pit 

+ any Lye addition for decreasing degradation time. 

7. 	 Keep area and soild unused for 6 months. 

8. 	Test soil for residual malathion - if above 100 ppb retill 

wi th l ime. 

Contract Example 

Scope of Work:
 

The contractor will provide personnel and equipment required to 

cleanup, transport, and bury approximately 1.5 million lbs of 

waste contaminated with r,,alathion. The procedure to be used for 

the cleanup and disposal is attached. 

The 	 bid should include hourly and weekly rate for personnel and 

equipment. The Ild should also include cost of other material. 

The 	bid should also include a list with quantity of equipment
 



available, besides those requested in attachment.
 

The contractor shall discuss normal business hours and any
 

limitation concerning work performed after these hours or on 

days off. 

The Bid should also include any special charges such, fuel, 

fMilage, mobilization, demobilization, and standby cost (cost 

of equipment not being used but requested for possible use). 

The contractor should also state his availability and his 

capability to perform the work. 

The contractor will also be required to follow all health and 

safety requirements as specified. 

Materials & Equipment 

(Heavy Equipment)
 

1) Frontend loader (2)
 

2) Backhole/w bucket (2)
 

3) li iling equipment (1)
 

4) Small Buildozer (1)
 

5) Dump trucks (9 cy & larger) (4 - 8)
 



Advantages/Disadvantages of Area No. 2
 

The 	 advantage of area No. 2 is the low population and non 

use 	in the surrounding area. The disadvantages are
agrarian 


fru;ni 	 the1. 	The increased costs of disposal due to the distance 

warehouse. 

2. 	The soil to be trucked to construct theadditional needed 	 in 

floor and berm surround.
 

3. 	 The shallow depth to the ground surface water. 

4. 	 There is a possibility of flooding and loss of the contain

ment structure. 

Characteristics of Area No. 3 

Area No. 3 is marsh/wasteland surrounded by a significant 

residential population on two sides. On the third side there is 

a busy traffic intersection and on the fourth side there is soil/ 

fill 	 area being applied for the purpose of constructing houses. 

The 	 surrounding elevations over the surrounding area is 

approximately 5-8 ft.
 

Advantages/Disadvantages of Area No. 3
 

all 	ofThere are numerous disadvantages for this area including 


those outlined in area No. 2 plus the problems with the
 

)! 



population in the vicinity. There is a runoff problem with
 

flooding the and the contaminated water could easily end up in 

residents' houses. We recommend reconsidering other areas
the 


only and as a last resort use Area No. 3
 

Disposal of Malatheon in Area No. 3
 

The disposal of the burned malatheon/soil complex in this area 

would require all of the engineering outlines in disposal area
 

No. 2 plus added precautions to limit public access producing an 

alternate water supply. 

General and Technical Information in the malathion waste 

dis pos a! 

The calculations regarding the size of the eventual disposal of
 

of 150 ft x 150 ft. Thismalathion waste are based on an area 

slaked lime or limestonewould require a 2G0,000 lbs of crushed 


to the floor of the pits.
 

Subsequent to the disposal and adequate elapsed degraoation 

time, the soil should be sampled and analysed for malathion. 

the exceedThe concentration of the malathion in soil should not 


100 parts per bill ion.
 

Should the concentration in the soil exceed this limit the area 



(a) (Tarpaulins for Dump Trucks)
 

(b) (Dump trucks must have Tailgates)
 

Materials (cost)
 

1) 5 gal cans roofing Tar 

2) 100 ft rolls 2 mil plastic 

3) Slake lime cost per 1,000 lbs on cubic yd 

4) Cost forO1000 lbs or cubic yard of-lye 

5) Cost for 100 lbs of hypochlorite
 

Small Tools - shovels, picks, etc
 

Personne 1
 

Heavy Equipment operators (5)
 

Supervisor (2)
 

Laborers (4)
 

Protective equipment
 

Rain suits (9) 

Rubber Ioot s (9) 

Rubber gloves (18) 



SUMMARY
 

WAREHOUSE FIRE - SRI LANKA
 

Dr. Amand Shintre, Technical Director of Cyanamid India, went to the
 

site of the fire to gain first-hand information. He has returned to
 

India.
 

The fire was in an area called Angola which is approximately 12 km
 

from the capital city of Colombo, Sri Lanka. The warehouse is
 

located on hilly ground just behind a small hospital and also near a
 

densely populated village. Stored in the warehouse were 20,000
 

cartons each containing 66 1-pound containers of 50% Malathion WDP.
 

The labels on the cartons indicated the manufacturers as Moorman and
 
There were a few empty cartons there from old
Southern Mill Creek. 


Cyanamid shipments. DDT was also stored in the warehouse and there
 

may have been other pesticides.
 

The fire was
The warehouse was unmanned and had a leaky roof. 

mostly smoke. Water was intially used to control the fire, but
 

caused more smoke and odor. The fire smoldered for 2-3 days before
 

it was finally controlled by covering it with sand. During the
 

fire, people in the area complained of nausea, breathing problems,
 

and diarrhea. Very few people, if any, were hospitalized. There
 

were similar fires at this warehouse in 1977 and 1979.
 

There are approximately 20 wells and a small reservoir for the
 

hospital near the warehouse. The closest well is 500 yards from the
 

site. This well is only 20 feet deep. Water from the well was
 

analyzed by the Sri Lanka authorities and determined to contain
 
20 ppb's of Malathion by TLC analysis.
 

The warehouse area is being trenched to help prevent runoff. The
 

material in the warehouse covers an area of 150 feet by 110 feet and
 

is up to 12 feet high. It has been covered with 3 feet of sand and
 

then covered with plastic tarps.
 

The main cgncern of the authorities is to control the odor, which is
 
The EPA of Sri Lanka has said the material
very bad near the site. 


at least two weeks. Dr. Shintre provided
cannot be moved foc 

information on Malathion decomposition. The suggestion was made to
 

Experiments are being
try activated carbon to help reduce the odor. 


conducted by authorities on samples representing what they consider
 

half burned and completely burned material. Experiments with the
 

use of lime and hypochlorite will also be tried.
 

on the material are retaining heat
It is believed the sand and tarp 

is causing continued decomposition and insuring
and moisture, which 


odors. It was suggested that the material should be kept as cool
 

and dry as possible.
 

\L)
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It is believed that the authorities plan to take the material at
 

some time in the future to pits in the jungle. It is suggested that
 

lime be mixed with it to aid in the decomposition.
 

The people in charge of the situation are:
 

Dr. Fernando - Secretary of the Department of Health 

Assistant Secretary of the Department of HealthDr. Rodegro -
Dr. Shamalsinka --Malaria Control Officer 

sent to the

Samples of the material have been obtained and will be 


U.S. for analysis.
 

The attached telex was sent to authorities in Sri Ianka and 
the U.S.
 

on December 6, 1985.
 

J. C. Wyckoff.
 

JCW:FL
 
2/6082F
 
Attachment
 

\
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