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The Director 12th May 1989
The Advisory Unit for Agricultural Corporations

Ministry of Agriculture

Khartoum

Sudan

Dear Sir
Study on Recycling of Pesticide Containers

We have pleasure in enclosing herewith our report on this study in four copies. A further copy is
being sent direct to the World Bank in Washington, for Dr A Kiss.

In carrying out this study we found it necessary to touch upon areas that are not strictly within the
terms of the study, notably in the areas of storage of pesticide and disposal of outdated or banned
product. Comments in these areas are superficial only as they impinge on the main topic and
should be read in that light although we trust they will be of help.

We trust this report will provide a practical answer to the sensitive problems involved.

Yours faithfully

V\‘PEVM\JLM

M C B Williams
Regional Manager
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1. INTRODUCTION

1.1 Background

The Agricultural Rehabilitation Programme (l1l) financed by World Bank and Government
of Sudan includes a programme to develop the concept of integrated pest management in
irrigated cotton. This programme covers a wide range of related activities, including improvement
in pesticide application technology, storage, handling and disposal of pesticide and containers.
Concern has been expressed by the World Bank and other donor agencies regarding the
procedures and precautions taken to make sure that drums used for pesticides present no hazard
when disposed of, frequently through the open market for public use.

Hunting Technical Services were approached by GIFAP, on behalf of the World Bank, for
provision of consultant advice on this subject, it being felt by GIFAP that an independent
organisation, rather than the agricultural chemicals industry, was more appropriate to undertake a
study of this nature.

1.2 Mobilisation

Hunting responded in January to Washington, suggesting the study be undertaken from
March 6 over a two to three week period. This was agreed late February, subject to final approval
by the co-ordinating Sudanese body, the Advisory Unit for Agricultural Corporations, to whom full
details of the Hunting offer and the Terms of Reference proposed by the Bank were sent.

A positive response was received from Khartoum on March 6th and the consultant
proceeded there on March 13th. Unfortunately delay in preparation of a formal contract, in
obtaining travel permits and in hire of transport within the limit of budget stipulated by
AUAC/RPMU meant that the consultant could not travel to the field until March 17. Delay was also
caused by collapse of arrangements made through AUAC to hire a vehicle in Wad Medani. Details
of the Terms of Reference are given in Appendix A and the consultants itinerary in Appendix B.

1.3 Terms of Reference

The terms suggested by Washington were discussed in Khartoum after the consultant’s
arrival. The terms agreed differed only slightly from the Bank’s. The phrase "excess pesticide" was
clarified to mean the excess or residue left in drums after the aircraft loading operation. It does not
concern excess stocks carried over from one season to another, nor pesticide banned, expired,
sub-standard or from which registration has been withdrawn.

An extra clause was agreed regarding the inventory and condition of containers of
expired insecticide held by the Corporations.

1.4 Approach to the Study

The study was approached as a follow up to review, update and attempt to resolve
certain hazards to public health and safety which were identified during the Monitoring of
Agricultural Inputs study of 1985/86 (Ref. 1). That report criticised the then procedures for
disposal of containers and waste (expired or banned) pesticide. It made specific
recommendations on these problems which included:

"The Consultants consider that the Corporations should take full responsibility
for cleansing of pesticide containers in the future, and recommend that a
statutory commitment to this effect be enacted by Government as soon as
possible".

The present study reviews the situation against that in 1986, reports on the improvements
implemented since then, and recommends further action. The time available for field studies due
to administrative delays and transportation problems meant that only a few visits could be made to
Group stores to verify that official regulations, described by Crop Protection Departments senior
staff, were in fact being carried out.




2. THE PRESENT SITUATION

2.1 The Distribution System

2.1.1 On the Gezera scheme pesticides imported under the annual tender are delivered to the
central store Gorashi siding, Hassa Heisa and forwarded early in the season to the 14 Group stores
on the scheme according to the groups cropping programmes. During the spray season airstrips
are supplied direct from Group stores, normally on a daily basis. Block stores no longer hold
pesticides (since 1986/87). After spraying all empty drums are returned by the airspray contractor
as soon as possible to the Group store. This is an important improvement. There are 107 Blocks
on the Gezira, many of which have their own store and airstrip and in the past these also acted as
“container depots". By reducing the number of depots to 14 the risk of spillage and subsequent
health or contamination hazards is greatly reduced, and control of disposition of the empty drums
is much improved. Responsibility for disposal of drums is firmly that of the Group entomologist
under overall direction of the crop protection manager delegated by a Corporation Managing
Director. No empties can be disposed locally. The Gezira main store at Gorashi was inspected.
No empty-after-use drums were found. About 30 empty product drums were held. These were for
repacking. Some 20 Endosulfan drums, carry over into 1988 and since found damaged, were
noted by the store keeper as due for repacking. The Centre Group Barakat store held about 650
empties. 150 had already been supplied to chemical companies. Empties examined contained
very small quantities of residues. About 10 part-drums of different insecticides were also held,
being excess after spray operations. Protective clothing, some equipment, and water is available
at Centre group.

2.1.2 On Rahad scheme the distribution system is simpler, due to its smaller scale. The main
difference is that all pesticides are distributed from the central store, Fau, direct to 18 Block
airstrips two or three days before use. Transport is contractor responsibility. After spraying all
empties and excess insecticide drums must be returned to the central store against certificate by
the Block supervisor. Thus a simple Central store - Airstrip - Central store system is in force.
Empty drums are held at central store.

Part drums of the same chemical are bulked by central store and reissued for application
as soon as possible. There may be some carry over to the next year.

Protective clothing, equipment and water is available.

2.1.3 At New Halfa scheme stores are under the control of the Procurement Dept. and
distribution is from five Group Stores and the Central store against order from the Protection Dept.
for delivery to the spray contractor immediately prior to spraying. Amounts sent out to Group
stores from Central for the last spray of a season are calculated to ensure minimal stock is held at
Group store the following year. After application, and against certificate by the Field Technician,
the contractor returns the empty drums and any excess or unopened drums to the Group Store.
Where, occasionally, several part-drums of an insecticide accumulate at one Group Store these are
decanted into one drum and used. Atthe end of the season part-drums, if any, are returned to the
central store together with any odd drums and drums of insecticides which it has been decided not
to re-tender for the next season. These excess insecticides will be held over and used up on one
selected block early the next year. While protective clothing is available a manual pump is not.
Empty drums are held at the 5 Group stores and central store prior to disposal. Disposal is under
control of the Procurement Dept. (ref. Appendix C).

2.1.4 Blue Nile scheme receive all pesticide into the central store at Sennar. Only one regional
store, at Sinja, is now used as an additional depot although it is planned to open one more at
Shashaina. The scheme serves an extensive area and their commendable decision to concentrate
pesticide storage means that distribution to airstrips (numbering 18) poses transportation
problems for both airspray contractor and Corporation, who must assist with this. Also the full
quantity for a spray round from any one airstrip must be delivered. This means that the airstrip will
act as an open store for one to three or four days. During this period the spray contractor staff




take responsibility and must account for all pesticide. After application empty drums and any
excess are returned to the central store, or to Sinja.

2.1.5 On Suki scheme insecticide is received at Wad Tuktuk central store. Suki have for years
been the scheme most susceptible to late delivery. They frequently have to hold very substantial
carry over stock at Wad Tuktuk. This is distributed appropriately in September to 3 group- stores
at Mahalla, Salma and Wad Onza. On arrival the new year stocks are held at central store and
delivered against need direct to airstrips and Wad Onza, which is far from the centre. In this way
insecticide stock at the three group stores is minimal at the end of the season, while the main carry
over remains at centre. This was confirmed by visits to the centre, and Mahalla and Salma group
stores where 14 and 9 drums only were to be seen. It was agreed by the Head of Crop Protection
that it would present no problem to cease using Mahalla and Salma for pesticide stores as they are
only 12 to 15km from Wad Taktak. That would reduce pesticide storage to two sites.

As with Blue Nile airstrips may act as temporary depots. Only 4 airstrips are now in use
for 35,000 feddan cotton.

Empty drums are returned to all four stores for disposal locally (para 2.3.5).

2.1.6 Carry Over

It appears appropriate to note that late delivery of pesticide, particularly in 1988/89, has
meant that schemes are carrying abnormally large carry over stocks. This was particularly noted
at Rahad, Blue Nile and to a lesser extent at Suki. This extra carry over presents a storage
problem, to say nothing of possible degradation. The more important question is what the effect of
late delivery would have been had 1988/89 been a serious year for pest infestation. Fortunately it
was not.

Average number spray rounds 1985/86 1988/89
Gezira 8.43 5.35
Rahad 6.0 6.0?
New Halfa 4.22 3.5
Blue Nile ? 5.3
Suki ? 4.5
White Nile 4.7 ?

2.2 Airstrip Operations

The procedures and efficiency of airstrip operations are important as this determines the
amount and concentration of pesticide left in the empty drums returned to the store. In the past
the "losses" in drums and spillage at airstrips (discharge after spraying/split hoses etc) has been
estimated at 2.5 to 5% of drums contents. In 1985/87 (Ref. 1) it was noted that returned empty
drums frequently contained considerably more than 5l pesticide. Action taken since then to
reduce losses has been directed toward physical emptying of containers at the airstrips (all
schemes) and in reducing the half or quarter-used drums to a minimum. Management have
accepted this still is inadequate for both safety and financial reasons. In November 1988 closed
filling systems (which eliminate physical contact with chemicals by loaders) were supplied for
demonstration and testing by three chemical companies (Ciba - Geigy, Sandoz, Shell Chemicals)
under supervision of the S.G.B. Applications Consultant. Results have been positive and the
1989/90 Spraying Contracts Tender will include the stipulation that all Spray Contractors must
use an approved closed filling system on all schemes. This system must include a mechanical
drum rinsing facility whereby water is jetted into the drum (Emulsifiable concentrates only) under
pressure to rinse it, and then sucked out via the standard probe direct to the aircraft. The rinsed
empty drums will thus contain very little pesticide, heavily diluted, when returned to store.




Past experience has shown Contractors may pay lip service only to obligations. It was
therefore suggested the Corporation consider purchasing the required closed systems equipment
(8 or 4 units per spray contractor) and deduct costs when making payment for work performed.
Ownership, maintenance and obligation to use is of course the Contractors.

ULV Oil-based pesticides cannot be rinsed with water.
2.3 Disposal of Drums

2.3.1 General

The 1985/86 insecticide tender called for supply of 1,576,920 Imp. gallons pesticide for
cotton or wheat. This is equivalent to 35,040 drum units of 45 1.G. (Ref 1, Vol 1 APP B.). That
season posed serious pest control problems (8.4 sprays average on Gezira) and stocks carried
over to 1986/87 were probably lower than brought forward from the previous year. The Gezira
alone had 22,200 drums units for disposal after 1985/86 season. It is reasonable therefore to
assume a maximum of 35,000 drums from all irrigated schemes could require disposing in a
season.

In 1988/89 SGB. will have around 14,000 empty drums having applied about 5.35 sprays
on average.

In 1985 an empty drum was valued at L.S. 10 to 20. In 1989 the price ranges from L.S. 75
(Suki), L.S. 100 (Rahad) and L.S. 120 (S.G.B. latest contract) through L.S. 170-200 in Wad Medani
market up to over L.S. 200 in Khartoum. Thus the value to S.G.B. would be not less than 1.68
million Sudanese pounds in 1988-89 season. (2.66 million in 1985/86).

It is against this scale of quantities and values that the question of disposal has to be
assessed. Table 2.1 summarises the position in January 1989.

Table 2.1

Stock and Value of Pesticide Drums 1988-1989
Totals in stock prior to Disposals Jan-March 1989

Corporation No Drums Price Per Drum Total Value !
(Range L.S.) Million LS

Gezira 14,000 120 160 1.68 2.24

Rahad 3,000 110 - 0.33 -

New Halfa 8,000 130 : L

Blue Nile 2,000 100 140 0.2 0.28

Suki 750 75 - 0.056 -

Total 27,750 3.306 3.946

Note: 1. Two Ranges of value per drum

3 years stock. 1988/89 season 1,800 drums
In the past disposal of drums by Corporations was either

I; Direct from Group or Block stores as ex-store sales.

ii. Sold in bulk to an individual merchant who collected and disposed
(guaranteeing non-domestic use).

ii. Offered to purchasers on a tender basis which could include some small lots.

Under ii and iii the drums were sold on condition the purchaser fired them and did not
process them for domestic use. This cannot be enforced. (Ref Para 1.4).




2.3.2 Gezira

Since 1987 i and iii have been stopped by S.G.B. in response to considerations of public
health safety and pollution hazards. It is stated by S.G.B. that drums are now disposed of in three
ways:-

I To the Ministry of Irrigation for use in flow regulation on the Abu Eshreen
canals.

ii. To Shell Chemical formulation plant for packing Endosulphan, Birlane, Alamos
D, Danitol S (at L.S. 155 per drum).

iii. To Chemical companies, agricultural contractors to the Group units and some
other organisations for fuels and lubricants. (L.S. 140-165).

In 1988/89 the number of drums for disposal will be relatively low but it has been
estimated that a stock balance of 4-6000 may remain. The S.G.B. Crop Protection Department
faces the problem of how to cope with this. It also means some L.S. 600,000 to 900,000 is tied up
(varying price and quantity).

2.3.3 New Halfa

New Halfa had just been advised verbally that, under terms laid down by World Bank,
empty drums may not be sold by Tender or released on to the general market. They had
anticipated sale to the Shell formulation plant but Shell have already filled their requirements. New
Halfa have approx 8000 drums to dispose of valued at L.S. 1.04 million, accumulated over 3 or 4
years (last season approx 1800). The stores Procurement Department are at a loss what to do. At
present they see no alternative to reverting to the practise of 10 years ago of cutting top and
bottom off the drum, opening the side and flattening it, then heaping drums over a trench, dousing
them with kerosene and firing the whole. The sides can then be used for sheet-metal walls round
open stores or open-sided roofed stores.

234 Rahad

At Rahad there should be over 3000 drums for disposal this year, worth L.S. 330,000 on
the market. Since 1986/87 season Rahad have ceased to release drums for tender or through the
open market. Disposal is now:

i As long-drop latrine liners (pit latrines)

ii. To Ministry of Irrigation for flow regulators.

iii. For fuel containers, to the corporation or contractors, after cleansing with
diesel.

It must be anticipated that they will encounter problems in disposing of their stock. There
is also a public demand for drums and pressure that empties be released. It has been contended
that since the tenants pay for the contents the empties are rightfully theirs.

2.3.5 Suki

Suki estimated 750 empty drums from 1988/89 for disposal. The bulk of these have
already been auctioned or supplied for fuel containers to various organisations, from both central
and three group stores. Central now holds about 320, some 2 or 3 seasons old., One of the two
group stores inspected had none, the other about 35, having sold 180; price reported about L.S.
75. The Corporation fuel depot holds about 100 old drums for fuel transportation. Drums have
been or will be disposed for:

i Fuel (P.P.D. Min. of Irrigation, Agri. contractors, the Corporation).

ii. Corporation workshop.

iii. Recycling, after firing, for charcoal stoves and other purposes.

iv. Direct sale from store to individuals claiming need for fuel or non-domestic use.
V. Auction from Group or Central store.




2.3.6 Blue Nile

Blue Nile estimated about 2000 drums per season for disposal. Recent auction prices
were L.S. 100 each. Those sold to private buyers as fuel drums were at L.S. 140 in small lots.
From 1988/89 season about 600 empties remain held in a locked store at the central depot. Some
thefts have occurred in the past. Drums have gone to:

i. Auction to highest bidder with guarantee of firing.

ii. Regional Government of south Sudan (L.S. 140).

iii. Local Government Organisations for fuel containers.
iv. Special private buyers (normally for fuel) in small lots.

The two Corporations still operating the auction system (as approved by G.0.S.) accept
that the guarantees of burning or firing cannot be assured. All senior staff consulted agree that
present systems of drum disposal are not fully satisfactory with regard to public and environmental
contamination hazards. They all are interested in improved ways of disposal but stated these
needed to be practical and economic.

2.4. Repacking and Disposal of Insecticide

2.4.1 Repacking - Excess Pesticide

All schemes encounter the problem of repacking excess insecticide returned from
airstrips or decanting from several part-drums into one. The potential hazard at the stores has
been reduced over the past three years on all schemes by:

- Instructions to drain empty drums at the airstrips by upending into mixing
tanks.

- By supplying to and from Group or Central stores only and eliminating
pesticides from Block stores, or most Group stores on small schemes. (Suki
were the exception but agreed that 2 of 3 Groups should be supplied from the
central store).

Decanting is thus carried out at fewer places, and can now be supervised by a senior
storeman or technician. Airstrip operations had ceased in January so no actual repacking was
viewed by the consultant. The following comment is therefore based on interviews with storemen,
from which Table 2.2 is derived.

Table 2.2

Equipment and Facilities for Repacking Pesticides

Item Gezira Rahad New Halfa Blue Nile Suki
11 22 Centre Centre Centre Centre M’la
Water + + + + + + -
Rotary Pump - - + + - + -
Funnel - - + + - - -
Overalls - + - + + - -
Gloves - + + + + - -
Boots - + s + - - -
Goggles - + - - - - -
Mask4 - + + + - -
Notes:
1. Gorashi Main store. Stated they bring pump and protective clothing in from

North-West Group store if they ever need to repack.




24 Barakat. Centre Group Store

3. Central Store. No water at Temporary store.

4. Masks in general use are white Triple M filter type. Where respirators are
available there are unlikely to be replacement cartridges.

+ = Available at Store
- = Not available, or broken pump

There is substantial improvement since 1985/86, however repacking facilities still leave
much to be desired. All senior staff are fully conscious of the importance of improving safety
standards both at stores and airstrips. Action already taken includes:

- Enforcing of Article 34 of the Spray contract re provision and use of protective
clothing.

- Provision of two vehicles, through Ciba Geigy, for Ministry of Health staff to
check airstrips and carry out Lovibond cholinesterase tests on Gezira.

- Ministry of Health to carry out pre, during, late season Lovibond tests on all
crop protection technical, stores, and airstrips staff on Gezira.

- Pressure on commercial organisations to provide after sale service in the area
of safe application. This includes provision of antidotes and introduction
(19897?) of the new Shell tropical material for protective overalls.

As can be seen from Table 2.2 protective clothing notably overalls and goggles, is still
lacking. This is particularly serious in view of lack of rotary pumps suitable for use with agricultural
pesticides. it is, however, essential that protective clothing be practical under high temperatures
and that training be given in its proper use. Hands need to be washed clean before putting on
gloves. Overalls to be washed daily.

2.4.2 Disposal of out dated/banned Pesticide
This question is not strictly within the study brief, however, the disposal of excess
residues is pertinent and hence the present situation was investigated.

Only two ways of disposal are currently available in Sudan. The first is deep burial of
entire drums in a desert area. This method has been used in the past and, providing there is no
possibility of movement into watercourses or deep groundwater, can be considered safe and with
the low environmental contamination hazard (except perhaps for DDT and other residual
chlorinated hydrocarbons). However, burial is in principle undesirable since the pesticide is not
seen to be destroyed.

The second available means is incineration. This is at present being carried out by Shell
Chemicals, Sudan who have a mobile incinerator stationed at their formulation plant at Wad
Medani. They are currently operating under contract to the Plant Protection Department. In
1987/88 they incinerated 93 tons; the 1988/89 contract is for 40 tons, including about 13 left over
from 1988. Pesticides being handed this year include DDT 25, Zolone, Ekatin 15 ULV, malathion,
Torbidan, Heliotox. The bulk is from Kordofan Province, with some from the northern Nile areas of
Dongola and Merowe.

The Shell operation was visited to assess suitability for future destruction of collected
residues or effluent from cleaning drums. The site is about 4km, direct, east of the Blue Nile across
the bridge on the main Port Sudan road. it is elevated and about 1.5km from the Ciba airstrip, 2km
from the nearest village further to the east. The site was selected by the Wad Medani Health Dept.
in conjunction with Shell. Operation is only when there is a north, cool wind and from 5.30am to




midday. A Health Dept. man must be present. Water, soap and an emergency shower is available.
Protective clothing, but without mask or goggles is worn. The minimum number of staff necessary
were there and they knew their routine.

In only one area did the operation fall below standard. In accordance with the approved
Government procedure, the empty but unwashed drums (135 counted on site + 16 x 25l) will be
sold to a licensed, approved dealer. He undertakes to burn off the drums prior to recycling them
into items NOT for domestic use. The burning is done over ignited old truck tyres, so that
temperature is likely to be quite low. The suggestion was made to the Shell manager that they
should undertake washing the drums in solvent at their factory.

The ratio of diesel to pesticide is almost constant at about1:1, so cost of incineration is
quite high. Shell undertake to survey stocks of outdated pesticide, repack where necessary and
transport to site within their contract price. Only liquids are accepted. The price varies according
to pesticide and distance for transportation. One problem may arise. Shell find the present
operation is unprofitable and are considering disposing of the incinerator. Thus all future
incineration proposals may be in jeopardy.

Their capacity is 3 to 4 ton per day, depending on the viscosity.

The potential value of the Shell incinerator for future residue disposal is discussed in
Chapter 3. Shell are negotiating with the Gezira board over incineration of their present stock of
outdated pesticide but funding this remains a problem for S.G.B. Rahad and Blue Nile also
proposed the use of the Shell incinerator, so far without making progress due to lack of finance.

2.5 Stocks of Outdated pesticides
the inventory of pesticides that need to be destroyed is given in Table 2.3, based on data
provided by the corporations.

In 1986 the Central Store of S.G.B. contained enormous stocks of old DDT formulations.
This has been entirely disposed of. The site is now bare ground (albeit discoloured by leakage
over some 10-15 years). The useable DDT was supplied to Public Health Departments as
suggested in 1986, for mosquito and sand fly control. The unusable drums (solidified or split
emulsion) plus other insecticides was reported to be buried, perhaps some 750 drums or half their
1986 stocks. Substantial stocks of insecticides and also herbicide are still to be found at the Group
stores. Those held by S.G.B. at Centre Group store Barakat included considerable numbers of
split or corroded containers. Old rice herbicide (85 drums - Stam F34) written off when the
scheme ceased to grow rice is an important item.

All schemes were advised to incinerate, or bury with slaked lime far out in the desert as
soon as possible. The site should be elevated impossible to flood, far from any watercourse or
groundwater and must be completely fenced.




Table 2.3

Stocks Held of Out-dated or Banned Pesticides
Packing as drums (approx 45 gal. contents) Data March 1989

Product sGB!
Insecticide

DDT 100
HELIOTOX 20
TORBIDAN 30
FOLIMAT -
THIMUL/DIMETHOATE 2
CYBOLT 1x 20l
MICKANTOP 19
SUMICIDIN 53
DURSBAN 20
BIRLANE 4
EKALUX

CURACRON 2
DECIS 25 EC 3
NURELLE 3
DECIS ULV ;
ALAMOS 2
FASTAC-BIRLANE 2
ENDOSULPHAN 10
AZODRIN 10
ANTHIO 20
BIDRIN 24 :
BIDRIN/DDT :
CITROLANE g
ENDRIN 3
FENITROTHION g
ENDOPHOS .
HOSTATHION L
PHOSVEL 3
ROGOR 10
TORAK :
RIPCORD/BIDRIN :

Rahad

- 54

- 108
305 (9yr)
30 (4yn)

w

3]
PN 2N OO W =N,
—~
o
<
=

(9yr)
(10yr)

18 (5yr)

53 (5yr)

TEMIK 0.5ton? 6ton

Total 307
Herbicides

COTODON 2
KURTAL 7 x 50kg
STAM 2 others 85
GRAMMOXE -
D.E.F.
TOK 25
RONSTAR
TREFLAN

N N N,

539

1703 x 5l
1550 x 20l
70
25

New Halfa

132

356

=) N )

Blue Nile

20

747

256

None

Note: 1. Stock returns incomplete and estimates made.

10

Suki1

306
128

166

18 x 25kg

70
40 x 20!

Total

444
30

2
(1)

109
16
35
15

19
18
40
152
(6.51)

1624

35




3. IMPROVED DRUM RECYCLING

3.1 The Basic Criteria
The international association of agricultural chemicals manufacturers, GIFAP, based in
Brussels state the following regarding disposal of pesticide containers (Ref 3).

"All Empty Containers Must be Safely Dealt with:

Metal Cans and drums - Wash out, puncture and bury (Do not puncture aerosol
cans)

Plastic - Wash out, puncture, burn or bury.

Cardboard Packaging-Burn.

Burning must take place away from dwellings and from crops.

Do not stand in the smoke of such fire and keep children away.

Pesticide containers must not be rinsed or washed in streams, rivers or ponds.
The water used for washing must be tipped into a hole in the ground away from
dwellings, wells, waterways and crops.

If containers cannot be disposed of immediately, rinse them and store securely
to prevent theft or misuse, and away from children and animals.

Do not use pesticide containers for food or drinking water for humans or
animals because adequate cleansing is very difficult to achieve. It is everyone’s
responsibility to discourage this practice."

Obviously in the ideal world this advice would not be controversial. In the Sudan, and
most developing countries, the intrinsic usefulness of empty pesticide containers means that
recommendations that they be destroyed would be ignored. This is confirmed by the high prices
they command. A semi-skilled worker (car driver, Khartoum) earns LS 550-700 per month; a drum
may be one week wages.

It is thus accepted that containers should be re-used. It is accepted by all that drums
must be cleansed before re-use and recycling to industry, commerce or the general public. It has
been recommended that the responsibility for cleansing must be with the Vendor, thus with the
agricultural corporations, and that the mode of cleansing should eliminate health hazard to the
purchaser, and of contamination of the environment. The consultant gained the impression that
senor crop protection management now accept this as their Scheme responsibility, underlining a
changed attitude since 1985/86.

3.2 Disposal of Drums - Options available

3.2.1 Unwashed Drums

Drums which have simply been drained and dried out in the sun could be disposed of
safely, where the user guarantee is secure, in the following ways:

i. To Shell Chemical formulation plant at Wad Medani

ii. To large commercial organisations and agricultural contractors where the
drums will without fail be used for fuels.

iii. To the Ministries of Irrigation or Health for use as noted in chapter 2.3

iv. After cutting open, flattening and firing under Scheme control they may be
used for walls of open, roofed stores or similar purposes. They should not be
released for recycling into cooking stoves and domestic utensils, suitcases or
any domestic use.
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3.22  Cleansed drums
There appear four options for treatment and recycling drums which will or could pass to
the general public. These are

- Rinsing during closed system loading operations at the airstrip.
- Drum Reconditioning at a specialised plant.

- Solvent cleansing at Scheme stores.

- Pressurised water cleansing at Scheme stores.

These options will be discussed below and indications of foreign exchange costs will be
given.

3.3 Airstrip Operations, the Closed Loading system

As noted in chapter 2.2 three closed systems have been tested and recommendations
have been made separately (Ref. 2). The benefits of improved airstrip safety, economy due to
elimination of losses and better measurement, and reduced environmental contamination (through
zero spillage) are of major importance. Rinsing of water-miscible formulation containers with water
during the operation is the other benefit; one which becomes a vital factor contributing to
cleansing of drums prior to recycling.

Appendix D gives diagrammatically the systems offered by CIBA-GEIGY Shell, and
Sandoz. It should be noted that although only the Ciba-Geigy diagram includes a washing probe
the other models also have these fitted, or can simply be modified.

The 1989/90 tender for Airspraying includes an article making use of closed loading
systems mandatory. When this is properly implemented the problem of drum cleaning will be
resolved, to a great extent, for E.C. formulation containers. There will remain the problem of ULV
oil formulation containers. If these are stored separately they could be disposed of safely as fuel
containers to responsible government organisations or within the corporations.

The first option therefore is for corporations to take no action other than to adopt the
closed system and to separate unrinsed oil from rinsed E.C. containers.

This course of action involves no extra expense and is thus attractive but falls short of
requirements, since traces of pesticide will remain in the rinsed drums.

SPECIAL NOTE
In view of the importance of introduction of closed systems in 1989 the following
comments are made.

l; S.G.B. must decide which of the three systems is to be selected in accordance
with the Coutts report (Ref 2) and quotations should be requested urgently.

. The selected supplier(s) should be informed as soon as possible so that he can
import the required parts, assuming local manufacture, or whole units.

iii. A decision on how units will be supplied to the Spray contractors is needed -
through corporations and the debiting of costs, or as the responsibility of the
spray contractors to purchase direct from the supplier.

iv. Foreign exchange for imported items must be allocated, and donor loan
finance arranged if this is required for corporations to buy units.

Urgent decisions are needed since only five months remain before contractors should be
in Sudan, fully operational.

3.4 Drum Re-conditioning

A number of developing countries in which, for reason of cost or availability, new drums
are in short supply have established drum re-conditioning factories. The feasibility of establishing
such a factory for Sudan requires consideration.
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If one was constructed then all empty pesticide drums would be acquired, unwashed and
ex-store, by the factory management and transported direct to the plant. The question arises as to
whether such a plant would be economically viable. The following includes some of the baseline
questions determining viability.

- Are new drums manufactured in Sudan, and in sufficient quantities to meet the
demand?

- Would Sudan benefit in terms of foreign exchange from drum reconditioning,
which would be mainly a "local currency" cost?

- Is the supply of used drums of all sorts sufficient for an economically viable
reconditioning plant?

- Is there are market for reconditioned drums sufficient to absorb the number
produced?

- What adverse effect would follow upon drying up of the supply of ordinary
secondhand drums to the small private users?

A brief preliminary study indicates that the prospects for a reconditioning plant are
reasonable.

A drum manufacturing plant is in operation at Port Sudan, operated by Shell Sudan, with
a capacity of 250,000 drums per year. Unless Shell find this uneconomic and are prepared to
close it down in favour of utilising reconditioned drums, (or to convert their new drum line to a
reconditioning line), there would be competition between the two and probably neither would be
profitable. However Aviation gasoline must be supplied in new drums.

It is understood that Shell have problems in obtaining sufficient foreign exchange to
purchase imported items needed to keep their factory running at the designed capacity.

The capital investment cost of a reconditioning plant is stated to be of the order of US$
150,000, which is not high. The resale cost after reconditioning should be less than half the cost of
a new drum, currently about L.S. 240. Reconditioning may be possible up to eight times
depending on conditions, permitting substantial saving of foreign exchange through recycling.
Thus a reconditioning plant appears attractive from a national point of view.

Experienced specialist advice is that a small plant processing 25 drums per hour or 860
per week can be economically viable when demand is high and resale price is good. This is a
production capacity of not less than 45,000 per year. It appears likely that this number of used
drums would be available for reconditioning if the large number of circulating drums could be
tapped.

As noted before the total number of used pesticide drums ranges from 40,000 to 20,000
per year, with the average at the lower end of the range. The number of pesticide drums depends
on the severity of pest infestation and hence the number of spray rounds in any year.

It has not been possible to assess accurately the availability of empty fuel and lubricant
drums but Shell's plant has a capacity of 250,000 new drums per year, and it is reasonable to
believe about 100,000 could be pulled back for reconditioning by introducing a system of cash
deposit on new drums which would not be paid when an empty one is exchanged.

The market for reconditioned drums is essentially into the petroleum industry for diesel or
petrol.
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There is a considerable demand for drums by government (including the army) and by
transporters and agricultural contractors in the private sector but all of these would prefer to draw
on the standard secondhand market (Ref chapter 2.3) where prices range at present from L.S. 110
to 160. Discussion with the petroleum industry indicates that the annual requirement for
reconditioned drums would be of the order of 100,000. Shell Sudan have already done a
preliminary feasibility study. Results are confidential but they indicate a reconditioning plant to be
of interest.

An adverse effect of diversion of all pesticide drums (except the requirement for fuel on a
scheme) from the market would be that genuine small users for fuel would not be able to obtain
their requirements. This would be a serious hardship particularly if clean drums could be provided
for other uses at a lower price than after reconditioning.

Technically a drum reconditioning production line may be summarised as comprising:-

1. Input

2. Pre-wash Caustic soda or diesel

3. Chaining Scouring, loosening heavy deposits

4, Modular Washing High standard cleansing

5. Chimber Reform, reseal top and bottom chimbs
6. De-denter Reshapes body of drum

7 Drum Drying Steam/hot air/vacuum, as is optimal
8. Visual Inspection/

Automatic leak detector

9. Shot-blasting Prepaint treatment of exterior
10. Paint-spray
152 Hot air drying

Suppliers of equipment provide back-up service including:

Planning and design for individual plant requirements
Estimate/quoting for individual requirements

Delivery, erection, supervision through commissioning to contract
completion

Provision of spares off the shelf

Operator training

Management training

Follow-up service visit as agreed by client

Assistance in arranging finance
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Because pesticide drums would be reconditioned special facilities for collecting effluent,
for solar evaporation to concentrate it, and for incineration of final waste would have to be built into
the process.

There appear to be four organisation ways in which a factory could be established.

- State owned as a quasi - government corporation
- Private Sector

- Joint venture State/Private

- Co-operative e.g. Gezira tenants ownership

In view of the special problems where pesticide containers involved the second or third
ways would be preferred. In all of them financial aid would be needed to meet foreign exchange
requirements.

It is recommended that consideration be given to employing a specialist organisation, or
Shell Sudan company, to carry out a full feasibility study on this option, the viability of which
depends on the petroleum industry.

3.5 Solvent Cleansing

In all liquid pesticide formulations, oil-based or water-miscible, the active ingredient is
disolved in a solvent. Residues of formulations in empty drums may be removed by washing or
rinsing the drums in relatively small quantities of a solvent followed by rinsing with a larger volume
of water. An appropriate procedure would be:

Water miscible formulations

I. Pre-wash with a large volume of water, either rinsing at the airstrip as for para
3.3 or at the store.

ii. Wash with a powerful solvent such as acetone or dimethyl formamide (DMF)
plus caustic soda (9:1); Two litres per drum, rolling the sealed drum to and fro
for five minutes.

iii. Final wash with water jet.

Oil based ULV formulation

i. Pre-wash with xylene or toluene at store.
ii. Wash with acetone or DMF as above.
ii. Final wash with water jet.

This option based on chemical cleansing is attractive in that it is thorough and should
give a decontaminated drum free of pesticide traces. It has serious drawbacks however:

- The solvents, being chemically reactive, have low flash points and tend to be
volatile. They present serious fire risk hazards, acetone extremely so. Their
vapours form ignitable and explosive mixtures with air, DMF less so than
others.

- The solvents pose health hazards and require stringent safety precautions.
Vapour and liquid of DMF, xylene and toluene are irritant to eyes, nose, throat,
and the latter two are irritant to the skin. DMF can cause liver damage if
absorbed in sufficient quantity.

17




- The solvents are expensive, ex-factory UK prices for 2 ton quantities are of the

order of:
£ Str/ton Cost/drum
Cleaned
DMF 650 1.30 (L.S. 9.75)
Acetone 415 0.83 (L.S. 6.22)
Toluene 320 0.64 (L.S. 4.80)
Xylene 385 0.77 (L.S. 5.78)

Commercial exchange rate applied £ Str 1 = L.S. 7.50
Amount used 2 |/drum cleaned.

These exclude cost of freight, insurance, customs, inland
transport.

The combination of fire and safety hazard make use of chemical solvent for drum
cleansing unacceptable for Schemes stores staff to use. Only in the case of the Shell Chemical
formulation plant at Wad Medani can this system be adopted. In fact Shell do cleanse drums
purchased from Gezira for packing of locally formulated products with their Shellsol brand solvent.

This option will not be considered further.
Full chemical data is not therefore appended.
3.6 Pressurised Water Cleansing

3.6.1 Equipment and Procedures

Hot water or steam cleaners have been used in the motor, engineering and food
processing industries for many years, with or without detergents or chemicals for removal of
grease, grit and other resistant deposits. This method of cleansing drum is also used in drum
reconditioning factories. Rahad scheme used high pressure hot water cleaners with their cotton
harvesters and it is stated that the Maragan ginnery has used one.

Since the option of solvent cleaners must be rejected that of steam or hot water for
washing pesticide drums is attractive. A range of machines is available from UK., U.S.A., and
Europe, examples delivering from 11 to 17 litres/minute hot water, or from 6.8 to 9.5 I/m steam,
over a wide pressure range, are shown in Appendix E (makers catalogue copies). Models driven
by electric motor, petrol or diesel, and fired by paraffin or propane gas, are available. All are fitted
with detergent tanks.

The use of these cleaners is straightforward.

Empty drums would be mounted in two, or four, parallel rows on rack approximately one
metre above the floor and sloping slightly forward. Caustic soda (pearl, flowable type) would be
added as a concentrate to the detergent tank of the machine to apply a 4% solution into the drums
in hot water or steam.

The application lance is passed through the larger drum opening and moved back and
forward while spraying under pressure to ensure thorough coverage for about 30 seconds per
drum, depending on output of the steam machine and whether the drums being treated were
water-miscible or oil formulation drums. The applied solution would drain out of the large opening
after rolling the drum over.

A rinsing with water alone would subsequently be applied, direct from mains connection,
with a standard pressure nozzle.



Floor slope and drains below each row of drums would empty effluent into a solar
evaporating tank, the size and capacity of which would be planned according to annual drum
cleaning requirements. Based on a maximum of 5|/contaminated effluent per drum a pond
capacity of 20 cu.m (1.5 x 6 x 2.25m) would suffice for 4000 drums.

Evaporation over two or three months should result in a concentrate ready for
incineration. This would be pumped into barrels for transport for incineration which should be
done using the Shell facility at Wad Medani. This is known to be expensive but effluent quantities
would be relatively small. Estimated prices for 1989/90 season are:

- Collection in Central Region LS 510 per drum
- Collection in Eastern Region LS 575 per drum

An alternative to solar evaporation and incineration of concentrated liquid effluent would
be use of the Allman/I.C.l. farm pesticide effluent disposal system that has recently been
commercialised. This is the Sentinel/Carbo-flo equipment. It is described in more detail in
Appendix F with the supplier's address given in Appendix E. In brief, water from drum washing
would be pumped into the Sentinel holding tank, chemicals and flocculent are added and paddle-
stirred, the mix is allowed to sediment, the super-nascent liquid drawn off through the carbon-filters
and run into a pit soakaway. The liquid sludge from the bottom of the tank is drawn off into a
sludge tank for coagulation. The dried sludge, and spent carbon filter modules are disposed of by
deep burial in due course.

This system is attractive because it eliminates the need for constructing solar evaporation
tanks, and rapidly disposes of the effluent water. It would however require the continued
importation of the chemicals and carbon filters. If wished the clean water after treatment can be
stored and reused for washing. It is easily operated with a minimum of training for proper use.

3.6.2 Costs and implementation

The Gezira scheme stores facilities are being upgraded. 16 main group stores are under
development. All of these will hold substantial numbers of drums. Discussion with management
resulted in preliminary agreement that a drum washing facility be included at each store as a room
plus an evaporation tank. One end of the stores currently under construction can easily be
partitioned off since floors, walls and roofs are not yet complete for many Group stores. Only four
power washing machines would be needed, each one serving four stores since they are easy to
transport from Group to Group.

Local currency costs for cement, labour, and construction should be met from funds
raised in 1989 and 1990 by sale of drums under the present arrangements.

Foreign exchange costs would have to be met through donor aid finance. Costs for two
models ex U.K. are given below. A total of ten machines is budgeted. One each for the Rahad,
New Halfa, Suki and Blue Nile, 2 for White Nile (due to distances), 4 for Gezira.

Ex Factory C & F Port Sudan
1. Handy Dandy (Petrol) £1750 £2000
2. Universal (Diesel) £3290 £3450
Caustic Soda per ton £335 FOB UK

Shipment as single container consignment (£2000)
Prices liable to change. Miscellaneous charges estimated.
The Universal is more expensive but a diesel engine is costed. This model also has the

facility that water may be drawn from an auxiliary tank. Cost of USA models ex McMaster-Carr are
given on their catalogue copies in Appendix E.
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Foreign exchange cost would be from £Str 20335 to £ Str 35735, or 8% of the value of
drums to be disposed of in 1989 (Table 2.1) at their lower valuation.

The cost of the Sentinel treatment system can be broken down as follows (guide prices
1989 only).

Foreign Exchange Capital Cost Strg
C2F Sudan

Sentinel Treatment Plant with 1 set x 4
5

Chemical packs and sludge settling agent = 5,51

(Container shipment; 2 units/container)

Foreign Exchange Recurrent Cost Ex Works UK
(Treatment of 4,000 drums)

Replacement Carbon Cartridge Assembly x 1 at £220 = 220
Replacement Chemical Packs x 20 at £18 = 360
Replacement Sludge Settling Agent 5l x 20 at £14.50 = 290
Total 870

Operational costs are simply calculated, on ex-works U.K. basis:

Pack of chemicals for 1000 | tankfill = 18.00
Replacement Carbon Cartridge (20 tankfills each)

£220 divided by 20 per 1,000 | tankfill = 11.00
Disposal of sludge (1,000 | giving 3.5kg dry) = 2.50
Disposal of Carbon Cartridge = 1.25
Cost per 1,000 litres treated 2.7

This gives a cost of £665 per 20,000 litres or 4,000 washed drums, where 5l/drum is
used. The freight, customs, inland transport costs from U.K. to store are additional.
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Stock of outdated pesticide at Rahad has increased slightly since 1986, although a few
items were supplied for locust control to P.P.D. As will be seen from Table 2.3 quantities are
substantial at 540 x 45kg drums of insecticide 6 ton Temik and over 13,000 gallons of herbicide.
The state of drums is, considering their age, not too bad. Many appear sufficiently sound to be
transported either for incineration at Wad Medani or burial in the desert.

The incineration of herbicides has to be carefully considered, however, due to the
possibility of release of herbicidal vapour. That is a matter beyond the scope of this report, and
advice from the manufacturers would be necessary. It is understood Shell are not prepared to
incinerate herbicides.

The substantial stocks at New Halfa, Blue Nile and Suki include large numbers of
corroded and holed drums which present serious transport problems, particularly those at Suki.
However, much is very old and has sedimented out. This semi-solid “jam" cannot be incinerated
by Shell’s equipment, even if transport were not too hazardous over the distances involved. Deep
burial seems more appropriate.

2.6 Cement Kiln Incineration (Ref 4)

It has been suggested that pesticides be incinerated through the cement kiln at Atbara
(also Kosti?). This process is accepted in the U.S.A. A USAID consultant has done a feasibility
study in Sudan and a trial has been recommended. Transportation to Atbara would be hazardous
and costly. The Kosti kiln should be preferred if the method is approved.
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4, SUMMARY OF RECOMMENDATIONS

4.1 Pesticide Container Regulations
It is recommended that the regulations covering disposal of empty pesticide containers
be reviewed and updated without delay.

117

In particular that the responsibility to ensure that empty drums released on to
the market are free of pesticide residues should be that of the Vendor.

That the former procedures whereby burning or firing of drums be accounted
an acceptable decontamination procedure for recycling drums into the
domestic market be rescinded.

That approved procedures for decontamination of drums be legislated for the
various end uses to which containers may be put.

It is suggested that the National Co-ordinator and National Pesticide Committee register
the need for new legislation with the Minister for Agriculture so that appropriate steps are taken to
amend the Act covering the Regulation of Pesticide usage.

(It is noted that the Agricultural Commercial sector have established an association "the
Product Stewardship Sudan Working Group', and it is suggested this organisation be invited to
collaborate and be consulted regarding any changes in legislation).

4.2 Drum Recycling
It is recommended:

1

That the closed loading system to be introduced under the 1989/90 Airspray
Contracts should include a pressurised rinsing system and that the decisions
required to ensure this introduction is successful be taken before the end of
April 1989.

A pressurised hot-water or steam cleansing system be introduced by all
production corporations as soon as can be done.

That the IBRD be approached to finance the foreign exchange requirements for
2 under the ARP 111 programme as part of the Pesticide and Storage Facilities
Sector.

That all Corporations allocate the funds accruing from disposal of empty
containers to meet local currency costs of adapting stores to include a drum
washing facility.

That as an option alternate to 2 consideration be given to establishing a drum
reconditioning plant in conjunction with Shell Sudan, or to supporting any
private venture Shell or others may establish. A feasibility study for a
reconditioning plant would be an appropriate first step.

To reduce hazard at stores where repacking is undertaken manual rotary
pumps for use with chemicals and protective clothing - notably goggles -
should be provided by corporations.
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APPENDIX A

TERMS OF REFERENCE
CONSULTANCY AGREEMENT
RECYCLING OF PESTICIDE DRUMS

The Republic of Sudan has received a Credit from IDA for the Agricultural Rehabilitation
Project lil. The World Bank and Government of Sudan are concerned with the safe handling and
usage of pesticides, and this aspect is being addressed through the Integrated Pest Management
Program being developed under the Project.

A Consultant is needed to advise the schemes regarding safe measures to clean and
recycle old pesticide containers.

Terms of Reference

1)

To review current practises on the irrigated schemes (Gezira, Rahad, New
Halfa, Blue Nile and Suki) for collection and disposal of excess pesticide
(residues in drums and containers) and empty drums, with particular attention
to health and environmental hazards.

Together with Agricultural Corporations and local representatives of the
pesticide industry to present options for establishing a system for handling
excess (residues in drums and containers) pesticides and empty drums,
including cleaning and re-use where appropriate, and safe destruction, and/or
final disposal of non-re-useable items. Presentation of alternative approaches
should include institutional requirements and an estimate of costs, and an
assessment of health and environmental impact under practical field
implementation conditions.

To ascertain stocks held and the condition of containers of outdated and/or
banned production schemes, and to identify as far as possible practical and
logistical problems that may be encountered for their destruction, with
suggestions for possible options. The study would, however, exclude critical
assessment of technical aspects or problems involved for the suggested
options and assessment of related costs involved in the disposal of such
pesticides.

Report findings in draft format for discussion with the AUAC/RPMU, and
subsequently present a final report in 5 copies.
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APPENDIX B

CONSULTANT ITINERARY - MARCH 1989

Mon 13 - Travel UK - Sudan
Tue 14 Thurs 16 - Khartoum
EriA7 - to Wad Medani
Sat 18 Sudan Gezira Board; Central Stores
Sun 19 Wad Medani; Shell Incinerator; S.G.B.
(Vehicle hire)
Mon 20 Wad Medani; S.G.B. Barakat Store, Ciba-Geigy
Tues 21 To New Halfa; Crop Prot. Dept
Wed 22 New Halfa: Crop Prot and Stores Depts
To Fau - Rehad Scheme
Thurs 23 Rahad: Crop Prot and Stores Dept
To Wad Medani: Shell Chem Formulation Plant
Fri24 To Sennar
Sat 25 To Wad Tuktuk: Suki Scheme
Suki: Crop Protection & Store Dept
Sun 26 Blue Nile Scheme: Crop Protection & Stores Dept
To Wad Medani
Mon Wad Medani: SGB Final Discussions. Commercial
Organisations
Tues 28 To Khartoum Report Writing
Wed 29 - Thurs 30 Khartoum Report writing
Fri 31 Depart Sudan
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APPENDIX C
NEW HALFA STORES SITUATION

1 Present Situation

Scheme management in collaboration with World Bank, are planning to upgrade their
stores and storage procedure. It thus seems appropriate to comment on the store situation since
if the recommended option regarding drum cleaning facilities is adopted its implementation must
be integrated into any programme to upgrade, reconstruct, or resite pesticide stores.

Pesticides are currently stored at 2 Central store depots and at five of six Group stores.
The last Group is supplied direct from the central store. The bulk of insecticides are held in a
"temporary" open, fenced, store site immediately next to the main town fuel supply depot. All new
insecticides are held there on arrival and are distributed to Group stores as required during a
season. Empty drums from one group return there direct plus part drums during and at the end of
the season from most groups. Some outdated chemicals are also there. The store site has been
temporary since at least 1984-85.

The bulk of banned and outdated insecticides are held in the open at the main central
store depot. These were never moved to the temporary store site because of the variable
condition of the drums, some of which are rusted and holed.

The central store buildings are of excellent construction and of three main designs. The
older ones are typical long warehouses, not too high, roofed, fully enclosed. The new ones are of
very modern design with heavy steel girders, both vertical and roof. Their side height is some six
or metres, central perhaps eight metres. Width is 10 metres; lengths are variable. One long store
is fully enclosed with corrugated zinc sheets, two others are open; the smaller one being 15m long
(3 spans).

Regrettably these stores are designed for vertical stack storing with fork left essential.
The design is thus inappropriate for Sudan (or any underdeveloped country) where manpower and
land area are freely available but facilities for high stacking are not. Thus these expensive stores
cannot be used to their optimum. It is understood one of these open small stores is at each
Group. Should new stores be constructed they should be long, low stores with a good roof
overhang, with walls 1 to 1.5 high, allowing maximum ventilation.

2.  Considerations for the future
Criteria for siting a store for pesticides should include:

i. It must be accessible for delivery vehicles.
ii. It should not be close to houses, shops, farm plots, factories, fuel depots.
iii. It should not be near any source of public water supply.

iv. There should be no hazard of pesticide spills entering drainage channels, water
courses.

V. There should be no possibility of flooding from a canal nor torrential rain i.e.
there should be some slop for natural run off.

Vi. It must be possible to erect a surrounding security fence.

Vii. In addition if a drum cleansing facility is to be included the site requires a piped

water supply and space for an evaporating pond. Electricity is not essential.

New Halfa Corporation appear to have four options:

a) Fully develop the temporary site.
b) Reorganise and develop part of the central store site.
c) Select one of the group store sites for development.

d) Find a completely new site near to but outside Halfa township.







Option a) should be rejected since it lies immediately next to the fuel depot. Inthe event
of a fire at the depot pesticide drums would probably explode and release toxic fumes over the
town.

Option b) appears feasible and has the advantage of meeting criteria i, i, iii, vi and vii.
Additionally the small store could be easily converted to a drum cleaning facility (it is currently
wasted as a lubricant drum store). The site does not meet criteria iv and v at present since a
drainage canal runs about 10 metres away from the small store. That canal might be diverted or a
fully protecting bund constructed. There is ample space for storage of empty drums on the
ground and for construction of a suitable long, low-roofed, part-walled (1-1.5m), and thus well
ventilated, store for pesticides. There is also an old fully enclosed store available for herbicides
and powder products.

The main disadvantage of this as a site is that the new Training Centre is being
constructed about 100m away to one side, but this is not a serious hazard. The other three sides
of the site are a large vacant plot, the rest of the central store with large grounds,and the main
corporation workshop beyond a fence and a high hedgerow.

Options c) and d) would no doubt be considered by Halfa management and should also
take account of possible relocation of the main airstrip. It is, however, suggested that all these
matters be treaded with some urgency. There is time for careful consideration and presentation of
proposals to donor or government agencies, but if discussions with the other authorities
(Municipality, Health Dept, Water Supply) are not got underway there could be a last minute rush,
leading to an unsatisfactory decision.

Note: A parallel situation exists with regard to the Rahad Corporation central store. The
general comments about New Halfa may be helpful for Rahad also.
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APPENDIX D 2.

Closed Filling System
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Closed Filling System
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APPENDIX E

SUPPLIERS OR MANUFACTURERS OF EQUIPMENT

Drum Reconditioning Plant

DRUMTECH

Stockholm Road, Sutton Fields Industrial Estate
Hull HU8 OXL :
England

Telex: 592525

Pressurised Water/Steam Cleaners

W S SHEPHERD

280 Hertforbury Road
Hertford

England

MCMASTER CARR
PO Box 4355
Chicago

lilinois 60680

Caustic Soda (ICI pearl type industrial)

ELLIS & EVERARD
Billericay

Essex

England

Solvents

SAM BANNER & CO LTD
59/61 Sandhills Lane
Liverpool L5 9X4
England

T R INTERNATIONAL
7-9 Crow Lane
Rochester

Kent ME1 1RF
England

Sentinel /Carbo-flo Water Effluent Treatment Plant

E. ALLMAN AND COMPANY LIMITED
Birdham Road

Chichester

West Sussex PO20 7BT

England







METEOR

TRIPLE PURPOSE STEAM CLEANER
AND HIGH PRESSURE
HOT OR COLD WATERWASHER

I!PECIFICATION

mptype
“ump motor
mp output
ax pressure
otwatertemperature
am pressure
am temperature
~el consumption
iectricity supply
tersupply
selength

'eight empty

erall length

erall height
werall width
seltanksize e
tergenttank$ize

B S

) 3

METEOR 1300

Triple plunger
2.2Kw (3HP)
13/min (2.8 gpm)
90 Bar (1300 psi)
85°C

42 Bar (600 psi)
120°C

81ph(1.75 gph)
13amp1ph
17.51/min (4 gpm)
9m (30ft)

160 kgs (385 Ibs)
104 cms (41")
71cms(28")
69cms (27")

20 litres (4.5 gals)

““20litres (4.5 gals)

METEOR 2000

Triple plunger

4 Kw (5.5 HP)

15 I/min 3.3 gpm)
145 Bar (2000 psi)
85°C

68 Bar (1000 psi)
120°C

91ph (2.0 gph)

3 phase 415V

20 I/min (4.5 gpm)
9m (30 ft)

180 kgs (398 Ibs)
125 cms (49”)

75 cms (30”)

71 cms (28")

20 litres (4.5 gal_s)
20 litres (4.5 gals)

temperature cut out switch. .

OPTIONAL EXTRAS

Lance extensions — Rotating brush — Vehicle washing
brush - Variety of special jets — Alternative voltage
motors — Earth leakage circuit breaker — Drain cleaning jet
—Sand blaster.

SAFETY FEATURES

A full range of safety features include Water failure cut out
—Unloader valve —Excess pressure release valve—Thermal
overload protection—Trigger controlled hand lance — Over

|

1
—

Supplied by :-

W. S. SHEPHERD

| 280 HERTINGFORDBURY ROAD
& HERTFORD.







WICKHAM
Steam
Cleaners

a range of steam cleaners
to meet every cleaning requirement |

B e




Handy Dandy

Driven by electric motor, petrol engine
or propane engine

Fired by paraffin or propane gas
Control automatically adiusts working
pressure between 80 and 100 psi (55
and 7 bar) :

Fuel and steam filters

Wheel mounted for complets

manoeuvrability

Variety of steam jets

Built-in water, fuel and detergent tanks

Water tank with approved type ball

valve .

A simple to operate, reliable and

economically priced machine that has proved

itself as probably the world's best selling
steam cleaner. More Handy Dandys are in
operation in the UK than any other steam
cleaner,

The Handy Dandy is successfully usedina

wide variety of applications, including:-

# Removal of grease and hard packed mud
from vehicles, construction plant and
workshop equipment,

# Cleaning and sterilizing bulldings,
abbattoirs, food carrying vehicles,
kitchens, and food containers.

Universal

Driven by electric motor, petrol engine
or air engine

Fired by paraffin or gas gas

One or two gun operation

Dusl purpose automatic ignition
{electric motor driven models only)
Control automatically adjusts working
pressure between 80 and 100 psi (5.5 to
7 bar}

Fuel and steam filters

Variety of steam jets

Built-in water, fusl and detergent tanks
Water may be drawn from auxiliary tank
when mains supply not available
Wheel mounted for complete
manoeuvrability

Water tank with approved type ball
valve

The senior member of the Wickham steamn
cleaning family. A hard hitting machine for
the very toughest cleaning jobs in transport
sections, building sites, aroundthefactory or
on the farm,

Nationwide Sales & Service
ASSESSED 7O DEFCON STAN AQAP 3

Wi

# High speed cooking of animal foodstuffs.

® Removal of preservative wax from new
vehicles using specially formulated Gensol
solvents,

Specification
Stearn Output: 408 litres (90 gals) of wet
stearn per hour at adjustable pressures up to
7 bar {100 psi).
Motor: 1/3 HP single phase electric motor or
1B0cc petrol/propane engine.
Pump: Slow speed diaphragm type.
Burner: Air atomising type for use with
paraffin.
Tank capacities:

Fuel Tank — 38.5 litres.

Detergent Tank — 43 litres.
Consumption per hour: 8 litres (2 gals) of
paraffin Ya kWi/hr electricity.
Dimensions on tricycle: 1450mm long,
610mm wide, 1300mm high.
Weight on tricycle: 200 Kg.
Steam Hose: 9m (30%) reinforced steam hose
complete with steam lance jets.
Machine complete with safety pressure relief
valve and pressure gauge.
Coil:44mm (1481t], 3 pass. Pressuretestedto
35 bar (500 psi).

Specification
Steam Output: 546 litres (120 gals) of wet
steam per hour at adjustable pressures up to
7 bar (100 psil.
Motor: 1/2 HP single or three phase electric
motor, diesel engine or air motor,
Pump: Slow speed diaphragm type.
Burner: Air atomising type for use with
paraffin or gas oil.
Tank capacities:

Fuel Tank ~ 45.5 litres.

Detergent Tank - 59 litres.
Consumption per hour: 13,5 litres (3 gals) of
paratfin or gas oil. .4 kW/hr slectricity.
Dimensions on tricycle: 1850mm long,
760mm wide, 1250mm high,
Weight on tricycle: 360 Kg.
Steam Hose: 9m [30ft) reinforced steam hose
complete with lance and jet.
Complete with safety pressure relisf valve
and pressure gauge and back pressure
tosting kit 1o ascertain when descaling is
required,
Coil: 53mm {175H). 3 pass, 12.7mm bore,
Mounted on rugged tricycle.

Free demonstrations anywhere in the UK.

Optional Extras:

Mounted on road trailer

Lance extension

50mm flat jet

Dewaxing lance and fittings

Descaling bucket and hose

Back pressure gauge and tap, to test for scale
formation in hard water areas.

A range of specially formulated GENSOL
cleaning compoundsis available for use with
this steam cleaner to cater for every cleaning
problem.

Automatic and manual ignition,

Optional Extras: ‘
Two gun operation complete with 9m extra
hose, lance and jets.

Mounted on road trailer

Lance extension

50 and 76mm flat jet

Dewaxing lance and fittings

Descaling bucket and hose

Wickham Industrial manutfacture the most

scomprehensive range of vehicle cleaning

equipment,
:

Auti

Higt

Supplled by -
G PP Yy

W. S. SHEPHERD

ITED
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Parts Washers & Steam Cleaners

Founiain Brush
Attachmeant

Variable Flow

High-Pressure Washer

A Cellvers 0.7 1o 31 gom & 145 1o 1300 pal,
The control of nozzie angle and pressure
used are compietely in your hands. This variable-
tiow festure permifs switching the angls of the
spray as well as the pressure with a simpis twist
i the wrist The chemical orvoll conliol isrighton
the wand Stainless stesl Ball bearing inside holder
nozzie moves back and forth by turning the wand
one way of the other Bearing is held In olace with
water pressure By turning the sealing ring on the
25% nozzie tip out until it stops. the nozzle tin is
unseated allpwing high-volume, ' low-préssure

8 wide angle chemical suction and apphication,

Maximum waler temperature is 140°F The 2-hp
unit operates on 220230:volts Has volume/pres:
sure control, chemical injection, 33:foot high:pres-
sute hose trigger gun, 36 wand. and roll-over
nozzie that accommodates two norzie tips, Size;
DEU L » T4 W x 17 H Weighs 79 ibs
Mo, 3354K51 NET EACH 5108845

Heavy Duty Mobile

Pressure Washers

All sipctric units are |l htw&ight, poriable,
compact, and economical The 00-psiunit ls
ideal for small firms; 600- and 700-psi units can
rapidly clean heavy squipment and machines.
Seit.contained 11-gallon capacity detefgent tank
agera:&s on gravity feed.
na intet Hoal tank has 36 gallon capaciy with a
15" flnat valve The 1-phase 60 Mz capacitor-start
motors are thermaloverioad protected. Units roll
on 8 ball-bearing swivel casters with rubbertired
wheels. Welded T4-gauge steel with brass and iron
fittings and 's” mesh panels. Comes with giycerin-
filled pressure gauge, 35:1out high-pressure hose,
trigger gun and extension. delergent metering
valve fioat-tank drain valve, three stainiess stesl
nnzeies (070157 ang 25 and Hilings
Motor Cap. NET

ap
he gsi %gm Mo, EACH
115.VOLTS, AC. Size: 28" Lg. x 21/ Wd. % 18" High
3, 00 .2 3332K11 . §810.68
B0 4 3332K13 . 108947
LTS, AC. Size: 827 Lg. X 20" Wd. x 84" High
00 4 Caaama SissaE

High-Production Gas-

Powered Pressure Washers

C Holl wherever needed o cul through the
toughest caked-on grime and grit.
The powertul gasoline-powered engine produces
variable pressures as listed according o tha
horsepower: Three models available. All feature a
Aoziie-controlled on/ott washand-rinse gui. preg.
sure-sensitive devices fo relieve pressure on pump
when the gun Irigger is closed, spray tip, and a
Bulltsin easy-to-read pressure gauge Supplied with
2 5 galion carboy siphon injection system

A wet-sandblasting attachment is available that
will it both the 35 gpm and 4.5 gpm model.

Cap. NE

Hot Water
High-Pressure Washer

Delivers 2.1 apm @ 1000 psl Oil-heated and
& pump-driven washers have swilch for produc-
ing hot or cold delergent cleaning waler Hot watsr
temperature rise 1s 147° F Soap-adjustment control
on front of machine Fuel tank holds four galions of
kerosene or #1 nome heating oif. Fuel consump:
tion it Toallonsperhour 1 e hpburner motor has
automatic thermal-overioad prolection Twio-oylin:
der positive-displacement puma (s direct driven.
_Water input connection is 18’ standard garden
hése Intludes 33.0oot ravon-braid highpressure
hose @ 2:fool long wand a3 12-gauge 3-conduc.
tor cord and plug for 115-volts, 60 Hz, AC, & siest
handie and 107 heavy duly rubber whesly
Mo, 2208R11 ... NEYEACH 5184420

Sanitizing
High-Pressure Washer

Delivers 3.3 gpm (0 1230 54l Bun 3pacis

E 1y Tor the fcod and sanitizing intusrmeee
meaets thelr rigorous demands! Speciat sepe ?

pump accomimodate hot water up to 180°F

Made extlusively of corrosion-resistant Mater
als. stainiess stesl plastic, and bronze Scufinre
wheels and 2 334001 long highnressie nose f‘s
features chemical orfy/off switch and metenn, m&f
sure and vg!uc}?g caérgz;ai at the the trigger qun 42
spray wand with a 25 noazle and & 4 R
g&%o% chemical tank, a5 slachane s
asher operales on vols Sphase .
D ee i T Sm
No. 427K NET EACH $2583 1

Drum-and-Barrel
Washer and Sanitizer

F Designed for washing, sanltizing, slasing
and deodotizing cans. Handies small and
{arge round, square, and oblong cans, drums, bar.
rels, and waste recepiacies up 1o 25 In dismein:
All unis have salety locks and fholeontil sen
als. Nonsiectrical unit reguiies only & water
steam line connection. Equipped with &1 % drar
and 34" garden hose supply line plpe tonnection
Can be pperated by hot watar, cold water, o stear
Designed 1o clean by the pressure and cenlnl,
gatfofee produced from a revalving jet siray roiar,
nozzie Made entirely ol corrosion-resistant mater
als. stainless slgel,
Overall beant 15 4
No. 3336K12. .. |
FOUNTAIN BRUSH ATTACHMENT--Fermn
scrubbing exterior surfaces Comes with 5t fiex.
bie high-pressure hose with Hand vaive and fittings

Has a stiff-fiber brush.
Mo, 3305K186 LNETEACH ST D

Miniature Wet Steam/
Pressure Washers

Two modele avallable: one delivers 1 gon
(@ 500 psi we! siesm or 250 psl hot water te
sther delivers 1.7 gpm tor Iaster cleaning ldeath
applications where the grease.cutling action of
heat ls needed. Super-heated compressed waler s
hested in a continupus flow heat exchanger wir
200 fept of heat exchanger tube Steam is formedin
the riozzle Maximum operation temperature
A00°E. Automatic safety shut-down al 350°F
Chemical is nozzie-inected from a bullbn o
surized tank Chemical never enters the walec o
tem. pump. or heating coil Chemical flow &
controfied at the wand The 's hp molor operales
on 115-Uoits 60 Hz Tank size is 7'2 gaitons Unis
include 2 feet of LPG regular and LFG hose, heay
guty cieaniﬂ? wand with two hangdles and quic
disconnects Tor nozzies. two nozzies and insiric
tion manual Sermi-pneumatic 107 wheels Eachunt
6 30 H % 1T W x 22127 D and weighs 100 s
gpm @ psl  Stesm Hose  No. NET EACH
25 5-Ft 3 §i6a7a)
170817

All Electric Steam

Cleaner/Pressure Washer

H Delivers 32 gph @ 150 psi steam and 100
gph @ 600 pst water. This totally slectric qust
combination cleaner is ideally suited for instlu:
tional. food processing, and industrial mainte
nance apphications Provides the most #oonomical
solution 1o Indoor. close-quarter cleaning ind
sanitizing whare fumes, odors, smoke, Hame, o
sxcess waler may be obisctionable.

This easily mobile unit changes 1o either a gean
clearer or pressurs washar at the turs of 4 valve.
Rsguires 4 gpm free flow al 40 to 80 psi 3phess
totally encicsed fan-cooted 1 hp motor operales
an 290 valts. Equipped with spray gun with aulo
matic shut-oft and temperature c%m;oia, Segalion
solution tank and a 25-00! fong 8’ hose Water
ight switches are in full view of the operator

Uinit comes ore-wired with pigtail and connecias
of correct wits size and safety cap. Mating recepts:
cle 15 supplied Overall size is 24" wide ¥ 24’ deed

% 44" ht%\:x Waighs 180 bs
No, 3392K12 NET EACH 3346331

McMASTER-CARR

Combination Steam C

ur fingsr tips. These uniis p-
e :;tﬁtims:ﬁﬁum cleaning for hea
. sterilizing, ot sanitation, and bo
high-pressure cleaning for & wi
hing and rinsing applications. As
operates both staam and Bigh-pressi
" Automatically mixes cleaning compot
T the correct amount.
rvoir 19 fioat-controtled to dr
i e g?ﬁd‘ Steam gun comes with b

4 > ¢
iii?fi :ﬁd &q&s& nbyzzies and a swivel grig. Ste

Motor Bgl‘ﬁ:n High
& 100 psl %t .

Heavy Duty

io lobs are much easier with thase pot
az?:.a?%%éfwﬂ cleaners. Aemove dirl gres
and grit from parts and motors, sanitize bot!
and cans. idesl for cleaning ail kinds of build
Suteriors, interiors, windows, floars, and walls
Automatically mix cleaning compound and w.
1 correct amounts. Iniet water reservolt 5t
controlled 10 draw water a8 required. Steam ¢
nas insulated handle. ’
The heavy duly 25-foot 19 diameter steam b
provides ample operating radius for the really "
obs Capavitor-start, drip-proot motor operates
e ;«g%gs& me%r% srsumatic rubber-t
e roll easily on S8 i
unis ! Botor Cap.

LPGas
#1 Fuel O
LP:Gas

#1 Fuel UllKe
& Alsa available for u

Portable LP-

Broduces high pressurs, high valocity ste
that removes graase, grima, and olher contar
snts. Provides wet or dry steam and cold pres

hot water in combination W

Detergent reservoir LP gas botiie, and dix
fired stainless steel clganing gun are mounted
two-whee! hand truck Simply hook up Compress

Detergent
Tank Cap.
G

Portable in-

Versatile, safe, and efficient for sil kind
ciasning, sanitization, and mainisnance.
Cisaner fits direcily on your steam lines ¢
{ag B0 1o 120 pal, and sdjusts to deliver from 10
196 gph of cleaning solution. Unit regulates
misture of steam and cleaning solutions and
ature and velooity at the gun no

Venturi

Lightweight! Complets steam-clsaning Bit ¢

team pressure between 40 and 1

n-piant steam systems. The gun pic

up clesning solution by & Yenturl vacuum 8%
tem in the gun—no pump neaded Feaiu
completely adjustable control and a cool ¢
handle Includes @ 557 steam gun with shut:

X

See page 1044 fora b




m Cleaners

Sanitizing
High-Pressure Washer

“etivers 1.3 gpm @ 1200 pel. Bullt
i 8
. *!;:; the !wég and wanitizing iuduttrht,‘:?;
eir rigorous gemands! Special seals i
accommodate hot water up 1o 180°F

Coawclusively of corosionresist

: : ant m .
31!}&&55 steel plastic snd bronze scutf-;igg

* and a 331001 long high-pressure hose Also

=g chemical onofl switch and meter
;i :g;as:ﬁ ;eggfﬂé at its‘w the tr;gge;’?\is‘\p f:g:
: nozzle. i
e zzle. and a detachable 5
B operales on Z220volls. 3ph i :
* %’32”. vk phase Size 41
2TRIY HET EACH 2266354

Drum-and-Barrel

Washer and Sanitizer

Yesigned for washing, asnitizin
2 i . AR
d deodorizing cans. Handies gmtﬁ ‘ins%
ound, square, and oblong cans drums, ber
nd wasle receptacies up 1o 257 in dismeter
uts have safely locks and foot-control peai
snelectrical unit reqguires only 3 waler ot
(:me connection Equipped with a 172" drain
‘ garden hose supply line pipe connection
s pperated by hol water cold water, or steam
aned 1o clean by 1he pressure and ceninly.
c& proguced from a revoiving 18t Spray rolary
ade entirely of corrosion-resistant mater:
?niess stee! ywnze, tirass. and aluminum.
. 3;&?2” 15 297« Bowl gzgr?géer 18 95
ACH $1361.
fimik BRUSH AT‘?&CH!RERT-—-FM;;Z
5.ng exterior surfaces. Comes with 5-1t. flexi:
h-pressure Hose with harid valve and fittings

stittdiber brush
5K16 NETEACH 5ITLYT

Miniature Wet Steam/
Pressure Washers

wo models avsilable: one delivers 1
15(:{! pei wel steam ur 750 pal hot wﬂst?ga‘
ke ki’\m's 1.7 gom for fester cleaning. ideal in
ations where the grease-cutting action of
s nesded. Super-heated compressed waleris

 orm these operations: steam cleaning fot heavy

fnol and ol

n 4 continupus fiow heat exchanger with
1ot heat exchanger tube Steamis ?e?rmee n
2zie Maximum operation temperature s
Automatic safety shut-down at 350 F
_cal is nozzle-injecied from & built-in pres:
. tank Chemical never enters the waler Sys
ump. or heating coil. Chemigal flow 18
ied at the wand. The '3 hp motor operates
volts, 60 Hz Tank size 18772 ga!ians Units
2 feet ut LPG regular and LPG hose. heayy
eanm? wand with two handles and guick
Sgcts for nozzies. two nozzies and instruc
:nui& s':tm;vpﬂeumatéc 10" wheels Eachunit
1T W x 22'2" D and weighs 100 1bs
psl Stesm Hose Mo NET £aCH
? A5.F1 L Q450K 168783
50 2E.Ft . ABSKET. .. 17057

All Electric Steam

ieaner/Pressure Washer

siiyars 3% goh @ 150 pai steam snd 100
-4 @ 800 pal water. This totally electric, quiel
ation cleaner is ideally suited for nshty:
food processing. and industrial mante
'dt)msz:stmna Provides the most economical
% to indoor closs-guarier cleaning g
zing whare fumes, odors, smoke, Hame. 07
 water may be oblectionable.
sasily mobile unit changes 1o either 8 slearm
- br pressure washer gt the turn of 8 valve
25 4 gom free low a1 40 1o BO psi. Iphinse
enciosed, fan-cooled, 1 hp molor pperates
voits. Equipped with spray gun with 8010
_nut-off and temperature controis. Syaiion
4 tank, and & 25-Toot long 3g° hose Waler
witehas are in full view of the operator
“omes pre-wired wilh pigtail and connectds
ot wire size and safely cap Mating recepts.
spplisd Overallsize is 24" wide X 24 geer
Jgh Weighs 160 ibs.
NET EACH a&aﬂ

Steam Cleaners

u y

Combination Steam Cleaners/Pressure Washers

Versatility at your finget tips These units per- hose provides ample operating radiis Units roll
easily 1o the job on 8 rubberieed wheels

duty ctwaiﬁg. sleriiizing. ot sanitation, and both Sturdy sieel construction with Drass and biack

id high-presaure ciganing for & wide o litings. W h side plates with rect tead

Jariety of washing sing spplicetions. Asin yndercoatin

sie pump operates poih steam ang high-pressure nished wilb 4- . .

i empet.

washing Automatically mixes cleaning compound hose. pressure gauge. )
+ the correct amount vaive iniet flpal tank, Jetergent tank with 4l

iniet water reservoir is fioat-controlled to draw getergent metering valve. and check vaive pius
Jater a8 required Steam gunl comes with botn - the necessary fitings. The LP.gas models are
seam and wash nozzies and 8 sw‘wei‘ grip Bteam equipped with rack for 100-1b tank.
P
Wotor s?um ﬁigh?rusms Outpul Dverall Size
Fusl b & 100 po! 500 pal iU Cw Wd x ML
\PGas 5 80 120 145,000 B9 ¥ 24 x 47"
Eg o 78 ¢ 4B

(PiGas. ; 80 00
#1Fuel O G B0, - v B2 » 24" x 4
. 90 180 o000 56 x 28 x 48

#1 Fual Oil/kerpsene :
Heavy Duty Steam Cleaners
andie All feature

The big jobs ate wiuch sasier with these poria: whesels and have 8 front-pull b

bie. sli-purpose claane’s. HAemove dirl, greass, durable weided 14-gauge steel construction with
and grit hom parts and motors, sanitize boitles brass ang black iron fitings and wie mesh side
and cans. ideal for cisaning il kinds of buliding  plates with red oxide undercosting and baked
snteriors, interiors, windows, floors, snd walls. gnams! finish

Automatically mix cieaning compound and water Furnighed complete with d.fopl steam gun,
s float steam hose. temperalule control, reliet valve,

in torract amounts injet water ressrvoit |
ired Steam gun  steam pressure gaUDE \nist float tank. detergent

controlled to draw water as requl

has insulated handle tank with fill valve, getergent metering valve and s
The heavy duly 25.4001 12" diameter steam hose replaceable check valve plus all ihe necessary it
provides ample operating radius for the really big tings All unils Bre available with 220-wolt, B0-Hz
obs Capacitor-start, drip-proof motor operates on @ration. spm!!y No. 3156K898, 220-volt, 50 Mz,
Y15.yoits, 1-phase, B0 H 4P-Gas or Fuel Oil, antt capacity requirad in gph.

z.
Units roll easily on samiigmumaﬁc rubber-tired Brices on reuquesl
ator c;;ssgph ¢
& 100 psi
LPGas . 320 .
#1 Fuel 20

LPGag . 50,
A50.000 55" x 28" x 50

#1 Fuel O € .. 50
+ Also available for use with Aatural gas To order, spe No. 1158K889. natural gas.” vollage. andl capaci

Portable LP-Gas Steam Cleaner
Produces high pressuis, nigh vaiocity stoam air and water supply and push the ignitor button on
hat removes gresse, grime, gnd other contamin: the gun No steam coll. exposed tlame, Blectricity,
snts. Provides wet or dry steam ang cold presoak motor, pump. or other moving parts:
lises steam or hot water in combination with & Inciudies hand trutk: getergent tank hose assem:
gegreasing solution, powered by compresser &It bly {tuel mixiure, water and detergent), propant
and LP gas UL approved fuel gas compornents. tank FOL valve/hose (that connecls propane bottle
Detergent reservoir LP gas bottie ang guect 1o regulaton, valve maniiold with gau a5 and regu-
tred stainiess sieel cleaning gun are mounted 0n a4 iators for air and gas. ignitor and e ecirode with
tun-whae! hant truck. Simply hook up compressed pushbution starl stainiess steel gun.
Detsrgent Propane Hose
Yenh Cap. Tank Cap. Assembiy
?gt Lbs. ¥

Fusl

Portable In-Line Steam Cleaner
Yersatile, sa's, and etlicient for ail kinds ol Steam consymplion pet hour (BHP IS 810 11

cleaning. sanitization, and maintenance. Any open lop 55-galion steel drum can be ysed
Cleane: fits directly on your sleam fines carry.  for solution. onnects to 74 steam outlet Mixing
ing B0 1o 120 pel, and sdjusis to deliver from120f0  and control cabinet is made of cast stesl and brass.
10 gph of clesning solution. Unit regulates the Gize is By x T % 314" Complete with pressure
risiore ol steam and cleaning solutions anc con.  gauge 5-fool cleaning gun with swivel handle fan
tois temperature and velocity at the gun nozzie and round nozzles and a 5-font suction hose with
Simple ang dependabie cleaner separates steam sirainer assembly DlUs all couplings and hitings
Ao wel and Ory components. Dry steam graws Steam hose and drum are not furnishied.

<oap snd solution up through the intake hose from Mo 3157K1 ... MET EACH 95?.59
4 drym When soiution is injected into we! booster DELUXE~ above. plus 25-tcot, A dia
SI;&MV it is heated partially vaporized. and Ai.  sieam hose and sosp-saver Hioat tank

charged ynder pressure through hose and gun. No. 3167K3 .  MET EACH 886875

Venturi Steam Gun Kit

hil Compiste steam-cisaning kit valve anc solution valve. soiution strainer two
;?;t? on steam pressure between 40 and 1 hoss clamps and one 2 X V4" connector nippie.
. ibt in-plant steam systems. The gun picks Syailable with 12" stearn hose and solution hose in
‘i‘*ﬂf ::ﬁiﬁg solution by a Venturl vacuum sys- 25 foot and 50-toot lengths Weighs b
bl the gun—no pump nesded. Features  Qun Kit With Ho. NET
pletely adiustable control and 3 cvol grig 5. Fpo! Hose
ndie Includas & 55° steam gun with shut-ol &0-Foot Hose

For 220V, 50 Hz.
6. NET EACH
3195K42 3184833
A195K73 218596
31p5Kat . 177333
FPEKTI 218596




industrial Chemicals

Chamicals
Sodium Bicarbonate
(Bicarponate of Soda)
Bodiwm Bicarbonate
{Bicarbonate of Soda
Caicium Chioride .
Sodium Hydroxide
{Caustic Soday
Sodium Hydroxide
{Caustic Soda)
LIGUID CHEMICALS
Chamicals

Siae i N
Ethyl Alcohol (Denatured Alcohol) ... 1-gal 20K 13
Glycering epinit 3 {Blyestony)
Glycernng 4 . Sodum Carbonate
Mathyleng Chlaride - 2 Soda Ashj
Methyl Ethvi Ketone B ultur
Sodium Sificate (Water Glass) g f
Sodium Siicats (Waler Glass) . Trisodium Phosphate

ET EACH

{Phosphate Clearnsrs 100:Lbs:

Pressure Washer/Steam Cleaning Solutions

MEDIUM DUTY LIQUID—For clepaning machinery, Lires, mioltors; HEAYY DUTY BIODEGRADABLE DETERGENT-—May be useg

DRY CHEMICALS
Sue Ne.  METEACH

. 3180804

| B190Kas
380K

o aTHoKes
L 8te0nas
192N
.. 3190KR43
L 3190K4T
(Commarcial Fiour) o 50408

Ae0KeT

B1R0KE4

and other equipment  Maohdoaming. nonphosphate solution  with steam cleaners hot waler pressure washers and combirg

tomes in & S-galion container.
No. 338DK12

tion cleaners. Formulated for speed and gase of cleaning.
CNETEACK 33743 Quickly cleans away grease ol and heavy dirt Rinses com

HEAVY DUTY ALKALINE CE For cleaning exira- pletely and leaves no rasidual film Has builtin sorrosion intite
heavy grease and soil build-up. Nonscaling Not for use on slumi- . tors, USDA approved for use in food-handling ’?ggsgu‘s‘
i ACH 34008
HET EACH 207

num. Nonphosphate solution comes in'a b-gation container Mo, 156K 21~5-Gallon Can
0. 3360K14 MET EACH $50.38 . Nb. 1156K22-30-Galion Dry

Parts Cleaning and Degreasing Solutions
: Degreasers

Dissoives sngine grime snd removes greese, ol and dirt rom
feon, stesl. siuminum, magnesium, and copper. Will nol herm

metal. rubber, plastic, or concrate. Rinses off with gstaﬁ

No. 3208K10-~16:0Ounce Aerosol Can

sngines, Noore, ducts, and parts. Sauirb-spout ?fgi?:m,
Sultur-free clesning compound, resdy for use withoul mixh

Mo, 206K 11—1-Quart Can. ..

EACH 3283
Ganaral &mpm tleaner tor handiing the really tough jobs o

$154

ng.
Cuts pil, sludge. grease. and dirt from metal parts. Safe for plas

tics and painied surfaces. No ringing requi
Mo, 30078 1-5-Catlon Pail

HET EACH $A7.58 [

Degreaser Concenirales

Penatrates lnto grit and calied-on

on machinery

ang

angines. Dilule with kerosene one part concentrals with nine

ﬁuor% kerasens or pelrolsum solvent Sinses

18 10353--5-Gallon Can .
Heavy Duty Grease Cleaner T

Concentrated linuid solvent containg stkaling builters for re-
moving heavy degiosits of grease, oil. ink, wax, and soil. Nonflam-
mable mixture is USDA spproved Containg 13% Bulyl Cellosoive.
Comalner S Ho. - MET EACH Container Size
$aaion K1t 8208 25 Sunce Aarosol Can
SGation 1-Gallon Can ..

olf with water
«MET EACH

Parts Cleaning Solvent

Fiushes away oil residuss from oll lines and intricete mechs-
algme. Dries fast no Hash point and is mnccémsm ;ﬁ émﬁgi%k

Odor-Free Degreaser

Nonphosphate Grease Cleaner Excelient for schoots snd industrial applic
Thiz water-soluble smulsion cleaner sxpertly remaves Indus- This general-purpose sulety solven! culs oil, gresse, and slutgs

trinl oll, grewss, and soll. Ferfect Tor garage floors, grease pits, . and is odor frea! Flash poini is 140°F.

and other gr&my arpas. May be used in high-pressurs units or = Container Size

applied by hand When diluled with kerosene or fuel oll, solution  5-Gallon

must be k&&tgaﬁk!‘&d ©r separation ooours.
®

Container

1get-acting solution guick

Extra stre q
warnigh, paint, aniling dyss, snd gummy re
ﬁfm‘ and requires no mizing,

Stainless Steel Cleaner 3284515 Gallon Can.
ides| tor ramoving slag, scale, and tarnish on large surfaces.

EHtactive whers scale must be removed from stainiess stesi to 5“!’ -On-The-Hands 969? easers

ations.

Decarbonizing Solution

$ha.08

carbon,

removes .
ues. Safe loruseon
MEY EACH f05.58

I

revent corrosion and contamination Clsans up weld beads. UL listed. Lanolin-based formula is ideal for use where the
liminates grinding and sandblasting. Availabls In liouid  cleaning fuid s in frequent contact with the operator's hands

Of pasls forms for immersible or slationary aoplicelions. Paste
formula will not harden, and can be rinsed off,

or
S-Oallon Can
20-Oslion Drum
S0-Galion Drum

Duickly removes cutting oils grease rust breventalives, dirt and
ummzlaxwtgad oils from metsl equipment and parts.
2

Ho. NETEACH
189K12 . 4100

l

These guns deliver instani, flamelas:
Br mtakg lets you vary the velocity O
ascrease temperature. Close ghutter 1o
ie Has 3 1718 gameter nozzie Three
raii hingertip rocker switch for 5080 b
b grounged cord and pm%

All 120-volt models are UL listed v
120 740-volt units are supplied with o

?%:ﬁé?ggaksss

&

sgided Carrying Case For ALl pgtmais
Atuchments For Tubing Up ma 00
sitschmants For Tubing From Ya' 10 27
' Congentrated Fin-Point Heat Attachr

Amp»M;
These guns do 3 good, fasl job withou
e s io% ol energy. thanks (o » low o
degw All 120-voll models are UL Visten
spproved. Versatile—uge for shiink wie
sulsting with heal-shrink lubing. ther
welding, melling solder siripping, and
1 grilled nozzie guard helps prevent pa
purng Extended lenotihy eliminates bacs

Temp. Valocity
Au Yoits  Amps fpm
300+ g0 8 L2000

Muachment for Heal-Shinnk Tubing o' 17
Atlachment for T4 Needle-Point Hest

Pin
Concantrate beat In a small A"

sdistent arsas with unwanted
sl Typical applicslons include
ingulaling unused terminaty on girs
tuitboard by shrinking small Wwising
without aflecting surrgunding
aréas. Can also melt small soider
sieeve connactors:

Guns have rugged steel housing
with chrome-plated barrel and

g g

Variable

Now you can select & heat switing jc
ripeat jobs. Flig the swilch, sel the dig.
and g straem o Hamaless hest i ol you
command. Eliminate the danger of over
heating or burning materiais that ars ser
sltive (o high temperatures.

Temperature range & inticated 0 100
increments Elecironic dial permits selec:

_Iingheat as desited; fromambientio 750° "

(220240 -volly and 1000° F (120:wslt) St

Multi-T

Balanced, lightweight design with high
impect plastic housing. Heats u{) In 50
seconds, and ragquires no Vcooldown’
cycle. Lised fo shrink tubing, strip pain.
remove tile, and solger

Encapsulated heating element. Doubh
insulated and UL Heled Al volurme s 18
cim Comes with suppott stand attache,
10 hand grip Available with dual setting
temperature range of with vanable ter
perature range Operate on 110:voits, AC
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For small scale industrial
or agricultural use.
 Designed for CARBO-FLO
~ Water Effluent
"~ Treatment

from ICI

g o

WATER EFFLUENT ~ S

TREATMENT




SENTINEL

ALLMAN in conjunction with IC
for use in small scale industrial op
considerations are important. (The Carbo-
water))

Cl have devel loped the

SENTINEL WATER EFFLUENT TREATMENT PLANT

erations as well as agriculture and other areas where environmental
Flo Treatment from ICl removes organic substances from the

B A major step forward in the prevention of environmental pollution.
B Treatment packs designed for each 1000 litre batch of effluent.

B A tried and tested system used by ICl in large sca

B Treatment ‘cleanses’ contaminated liquors to giv
and, with Water Authority consent, sewers. The sma

to land-fill via waste disposal contractors.
B Tell-tale colour indicator for filter saturation.
& Portable or fixed plant available.

le industrial operations worldwide.

e water which can be safely ly discharged into soakaways
Il quantities of sludge produced can be disposed of

MAIN TANK Working capacity 1000 litres

GRAVEL FILTER

PADDLE
AGITATOR

SLUDGE TANK

SPECIFICATION

COLLECTION TANK 1000 litre working capacity.
Manufactured from polyethylene,
rotational moulded with sludge
transfer valve.

Overtlow safety cut-out to prevent

accidental overfill,

AGITATION PADDLE Electrically driven motor, 12 voit DC/
240 volt AC single phase.
Mechanical action,

FILTERS One gravel pre-filter with back flow
cleaning facility.

Two activated carbon filters with
replaceable slements.

FILLING PUMP Centrifugal purip driven by 2 hp
single phase electric of 3 hp petrol
engine.

SLUDGE Manufactured from polyethylene c/w
COLLECTION VESSEL sludge drain device.

CARBON FILTERS

FHAME Constructed from mild steel, c/w
access ladder and guard rall, | facility for

three point linkage and/of fork lift,

5 metres of suction hose c/w fl loating
filter, and all necessary valves and
discharge pipes.

680 kg
22x1.16x30m

Active agent infusion system.
Castor wheels,

Hemote electronic control
Operator protective kit.

Spray boom w&eczson kit
Clean waiﬁr tank,

LIQUID CIRCUIT

SHIPPING WEIGHT
DIMENSIONS
OPTIONS

Sentinel is designed for use with dilute solutions of organic gmmm%ﬁ Follon ¢
diractions in the instruction manual

‘Carbo-Floisatrade mark ot 1O

‘Gentinel s a rade mark ol £ Allman & Company L1d

E Al § Compaiy Lid reserve the right o after specification or desion wiinout

, E.Allman & Company Ltd
Birdham Road, Chichester, West Sussex, PO20 73‘!‘ England

Telephone: (0243) 512511 Telex: 86286 Facsimile: (0243) 511171

1088




WATER EFFLUENT
TREATMENT

FOR SMALL SCALE INDUSTRIAL OR AGRICULTURAL USE

ICl has developed a scaled
down and simplified version of
its tried and tested technology
for cleaning organic substances
from waste water.

‘Carbo-Flo’ treatment takes
place in ‘Sentinel’, the effluent
treatment plant from E. Allman
& Co Lid.
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THEPROCESS  ITSPEDIGREE

&

Small volumes of dilute contaminated waste ICl has used the ‘Carbo-Flo’ technology for over
water can now be cleaned quickly, effectively 15 years, Atthe Yalding works of IC|

and inexpensively before disposal. Agrochemicals up to 560,000 litres of strong

. e . factory effluent is cleaned every working day.
Carbo-Flo' treatment: Many smaller plants are operated on other ICl
® is a simple batch system sites around the world and these protect the

‘ environment from contamination with pesticide
m uses measured and pre-packaged materials  regidues.
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® does not require technical staff to operate

or monitor ICI has combined with E. Allman & Co Ltd to

m produces cleaned water, which can be produce a very simple batch process.
discharged into a soakaway, plus small The small, lightweight, low cost equipment is
quantities of solid sludge ideal for small scale industry and agriculture. By

; . carefully formulating and prepacking the
m uses technology that has been widely usedin  reatment materiaisg,icx hgs rzmove% the need

ICI agrochemical factories in the UK and for a trained chemist to operate the process.
overseas A colourindicator has been included to show the

a represents an important step forward in the  operator when maintenance is required.
prevention of environmental pollution.
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During development the ‘Carbo-Flo’ treatment
has been tested by ICl on an intensive arable
farm and evaluated by an independent
laboratory. Results have been consistently
excellent.

b A
()
C""‘C‘

Typical intermediate-sized treatment plant in Kenya (top)
and Indonesia (bottom),

8
()

o

Large scale treatment plant at Yalding, Kent.
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Whal does ‘Carbo-Fio’ treatment do?

Removes most unwanted organic substances
from waste water.

How does it work?

There are two main stages:

{i) Flocculation and sedimentation of suspended
solids. The sludge produced is then further
concentrated prior to disposal.

(i) Filtration through gravel and carbon modiiles
o remove dissolved organic matter,

What is the end result?
There are two main end products from each batch:

(i) Cleaned water which is clear, colourless and
~virtually odourless.

(i) Solid sludge which is easily collected for
storage and disposal,

How are the water sludge and carbon

disposed of?

(i) The cleaned water which is non toxic may be
discharged direct to a soil soakaway —away
from water to ensure safety tofish.

(i) The sludge and carbon may be storedina
secure place until sufficient is available for
disposal to land fill via a waste contractor.
About 3kg (dry weight) of sludge is produced
per batch treated.

CLEAN WATER DISCHARGE

QUESTIONS

& ANSWERS

What does the operator have to do?

1. Dilute effluent must be collectedin a
suitable tank or sump or in the main tank of
the ‘Sentinel plant.

2. Prepacked treatment materials are then
added to a full tank of effluent (1000 litres).
The tank contents are agitated and allowed
tostand.

. After about 45 minutes the mainvalve is
opened and the second stage operates
automatically by gravity, taking about
3 hours,

. After several batches, the sludge is drained
and further treated in the sludge tank.

How is the process monitored?

A colouring agent is incorporated into the
treatment materials. This is removed by the
second stage while the carbon is still active.

What isthe life of the Carbon?

This depends upon the amount of dissolved
material which is treated. The total capacity of
one carbon module is up to 20 batches of dilute
pesticide or other equivalent effluent. Thisis half

the installed adsorption capacity.
CARBO-FLO"
TREATMENT

/

EFFLUENT

Flow diagram

e
A e
o e
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WATER EFFLUENT

TREATMEN

Many industries produce contaminated water which can be cleaned by the
‘Carbo-Flo’ treatment before disposal.

The ‘Sentinel’ plant has been specially developed to use the ‘Carbo-Flo’
treatment. Itis a low cost, portable unit and is designed to stand outside. It
can also be used for occasional or emergency purposes where a
conventional plant would be too large or too expensive.

~ POSSIBLE USES

IN INDUSTRY

Chemical formulation, packing
or storage plants.

Small or medium scale sites
which use detergents,
dyestuffs, insecticides,
preservatives or similar organic
materials.

IN AGRICULTURE

Sheep, potato and bulb dips.

Washings from ground sprayers
and aircraft

Agricultural contractor services
Research stations

R S

IN THE COMMUNITY

Fire and emergency services.

Local authority and contractor
waste disposal services

‘ Carbo-Fi’ atment materials and the ‘Sentinel’ tratment lant S
the UK by E. Aliman & Co Ltd, Birdham, Chichester, W, $us§ex. Tg{:eargggigejtgg‘i?

Agm&he‘mfaa’s ‘Carbo-Flo' is the trademark of I}
‘Sentinel Is the trademark of £ Allman & Colid

Farihles: Haslemers Surrey England
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APPENDIXF

 THE SENTINEL CARBO-FLO WATER EFFLUENT TREATMENT PLANT







APPENDIX F
THE SENTINEL CARBO-FLO WATER EFFLUENT TREATMENT PLANT

The attached photocopies illustrate and describe the system. This has been devsloped
by ICI for Industrial use and then scaled down in conjunction with Allman Sprayer Company for on
farm use. The technology has been in proven industrial use for around 15 years and equipment is
now in use in a number of tropical countries.

The system has been tested at the Rothamsted Research Station England and is under
official test in some other countries, with very good results. At Rothamsted the concentrations of
all eight pesticides in the treated mixture were reduced to below 0.02 micrograms/mi from an initial
mixture prepared to represent a liquid containing about 25 per cent of the highest concentrations
recommended in UK for crop spraying, i.e. the sort of mixture that would be expected in a typlcal
farm "waste and washings" sump-tank. This trial mix contained from 25 to 580 micrograms/mi of
the various pesticides (actual chemicals were demeton-S-melthyl, H.C.H., pirimicarb,
propiconazole, cypermethrin, 2,4-D, mecoprop, paraquat).

In Sudan concentrations after washing drums of E.C. formulations would be well below
the 25 per cent and ULV container washings might be of the order of 15 per cent.

Procedures envisaged in a Sudan drum washing facility would involve collection in a
sump of the effluent draining from the washing line. This effluent would be pumped into the
Sentinel tank, capacity 1000 I, in which it is stirred by a stirrer paddle powered either by battery or
mains electricity. Four chemicals, pre-packed in the correct quantities, numbered and colour
coded, are added in sequence to the 1000 | batch at defined time intervals to cause flocculation
and adsorption of the pesticides. After flocculation the stirrer is switched off, the settling agent is
added, and the flocculated material is allowed to settle into the sludge sump for about one hour.

The main valve is then opened and the supernatant liquid Is run off through one gravel and two
carbon filters, taking about 3 hours. After several batches the sludge Is drained and further
coagulated and dried off in a sludge tank. The cleaned, non-toxic water may be drained into a soil
soakaway or pumped into a high storage tank and recycled for further drum washing. The sludge
and carbon filters would be stored prior to deep burial in a selected waste products dump in the
desert,

The life of the carbon filters are monitored by a colouring agent incorporated into the
treatment materials. When this colour indicator is not removed by filtration, the carbon module
must be changed since 1t is no longer active.
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Herr R Guieltling

Mr J C Barber

Mr Mokran Muharib

Sd Kamal el Jack

Sd Ali Mohd Osman
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PERSONS CONTACTED

Director, AUAC, Min. of Agric.
Financial Adv. AUAC/RPMU Min. of Agric.

Agric. Prod. Manager S.G.B.

Dep. Crop Protection Manager - South Gezira
Dep. Crop Protection Manager - North Gezira
Ass. Entomologist

Storeman. Barakat Group

Administrative Assistant

Head Crop Protection
Chief of Stores Dept.

Managing Director
Agric. Production Manager
Head Crop Protection

Head Crop Protection
Operations Manager
Storeman Mahalla

Head Crop Protection
Dep. Snr. Entomologist
Operations Manager

ODNRI UK
Ent. Cotton. Res. Prog. ODNRI/Wad Medeni
Agric. Consultant, C.E.C. Khartoum

Country Manager Shell Intl.

CIBA - Geigy Basle

E. Allman Spraying Co Ltd

Agric. Mgr. Bittar & Co Ltd

Mgr. Bittar Wad Medani

Agric. Mgr. Shell Sudan

Factory Mgr. Shell Chemicals W. Medani
Agric. Mgr. Ciba Geigy W. Medani
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