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Safety Guidelinesfor Pesticide Formulation,
Repacking and Storage

1 I ntroduction

" Pesticide ' is the general name used for the group of
chemical products that includes insecticides, acaricides, molluscicides,
rodenticides, nematicides, fungicides, herbicides and plant growth
regulators.

Very few pesticide active ingredients are capabl e of being
used in thefield just asthey are. Most have to be formulated - made into
usable products- and all need packing for transportation and storage, for
sale and and for convenient use.

The buyers and users of pesticides expect them to perform
consistency and to comply with manufacturers' label claims. If a sub-stan-
dard product is manufactured, and goes undetected from a formulation
plant, the consequences may be serious. For the users, a poor biological
effect could cause financial loss and aloss of confidence in that product
or in pesticides generally. For the manufacturer there may be loss of
customer and trade confidence, possible claims for recompense from
end-users and legal action by authorities.

The main causes of sub-standard products are:-
- sub-standard ingredients.

- incorrect quantities used.

- incorrect ingredients used.

- process faults, for examples sequence of operations, wrong
temperatures, incorrect feed rates, etc.

- contaminated equipment.
- sub-standard packaging.

- incorrect labelling.
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A fundamental requirement in the achievement and main-
tenance of satisfactory product quality is that there must be a clear de-
fined organisation in the plant. Individual responsibility for product qual-
ity lieswith line management, normally the Plant Manager.

[ GENERAL MANAGER J

[ PLANT MANAGER ]

w

[ PRODUCTION ] [ ]
SUPERVISOR ADMINISTRATION
1
v p
[ PACKING ] [ WAREHOUSING ]
2 ThePlant Manager's Responsibilities
Quality Control
e = ~N
Production ety
Occupationa
Hedlth
Personnel Industrid
Hygiene Hygiene
\_
[ -
Cost and Profits Environmental
Protection
- Y,
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3 Plant Layout, Design and M aintenance

3-1 Control when planning, building or extending
a plant

The pesticide plant should bein anisolated area. If aplant
located in apopulated areawith residentsin the immediate vicin-
ity, may berequired to have lower levels of emissions.

The potential for liquid spills and the possible need to
dispose of large quantities of highly contaminated water
generated in the event of fire, must also considered. Spills on the
site must be controllable and adequate space must be provided for
evaporation logoons or other waste-disposal processes.

, - — FORMULATION

E#

e

R
41

; = PACKING
ik__i@ e B AREA
M == | STORAGE
Y i
STORAGE | || ] = AREA
AREA T = 1= -
' E 1 = =
L =
_ F=ls
STORAGE | et FORMULATION
AREA ir =4 = PACKING
— | |1l i AREA

The chemicals and processes used in neighbouring plants should

be evaluated.
3
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The availability of alocal hospital and of rapid medical and
fire-fighting support from the community should also be taken into
consideration. If theplant isin anisolated area, such support may not
be available and extensive training of plant personnel in advanced
first aid, life support and fire-fighting may be required, as well as
sophisticated alarm and fire suppression systems.

Transportation of raw materialsinto and of final products out
of, the site should also be considered. If materials are transported in
bags, drums or similar containersthat are opened by hand within the
plant, there is arisk of exposure for the workers who perform the
task. The opportunity for exposure which must be controlled through
safe work practices, provision of adequate personal equipment and
clothing, and careful personal and clothing hygiene.

Thelayout of the plant should allow reasonable space for the
movement of materials and provide clear access for fire-fighting
equipment. It should be possible to wash down the entire plant with
decontaminating solutions. This will require the installation of
watertight el ectrical fittings and the selection of surface coatingsthat
are resistant to the chemical involved in the process. All waste
solutions should be collected and there should be no accessto drains.

Floor coatings should be conductive so that electrostatic
charges do no build up. Surfaces should be smooth to reduce the
potential for spills being trapped in cracks and then spread
throughout the plant. It should be possible to wipe, sweep, mop or
vacuum surfaces with the minimum of residue being left behind in
crevices.

Asfar aspossiblethe processflow should be by gravity rather
than by mechanical pumping. This will reduce the head-pressure in
pipesand, therefore, the occurrence and severity of leaksfromjoints,
flangesand pump seals.
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The layout of the plant should allow easy access to all
equipment. Sufficient space must be available for handling and
storing ingredients, packaging material s and finished products, so that
thereisno possibility of itemsbecoming mixed up.

Equipment must be well-designed, properly constructed and
regularly maintained. Since formulation and packing plants are often
used to produce a range of products with the same equipment, they
must alow easy cleaning. Product lines and vessels must be clearly
marked.

3-2 General ventilation

General ventilation refers to the removal of air from, or
supply of air to an area, room or building with the purpose of
either controlling the temperature or diluting contaminated air with
uncontaminated air or both. It is not as efficient as local exhaust
ventilation for the control of health hazards, since it does not
remove contaminants from the atmosphere, but only dilutes them
to acceptablelevels. There are four limiting requirementsfor the
use of dilution ventilation.

- The quantity of contaminant must be small.

- Workers must be far enough away from the source of
contaminant, or the contaminant must be at sufficiently
low concentrations.

- The toxicity of the contaminant must be low.

- The rate of formation or production of contaminants
must be resonably uniform.

4 Formulation

Production orders should be given to the Plant Manager
sufficiently early for him day to day production. The Production Supervisor
should have the appropriate Formulation Batch Cards and Packing
Instruction Cards prepared.



o
°
o
o

(%

C
C

@II
QcC
G202
3D
1

°
°

320002

o

H
c
C

C
com o)cﬁéaoa@
qor]oa
C

(o

2

°
C

c
&C GO
4
00

o

[
28
c_ _C
O?O’J(\BO
c c
S

6]@@”

C

ODU)G&):CD@

L

261@@”

oqe@u O?U)C\BOQJ)[ D C

C
(o

QApe

o
o

°

°

o
L

GOGOD’)G§6TD

C C
9[8’30’)(7) O’)§
1 (¢} L

Cc
Gy
C\)(C)CD’)

UJ(T[%OD%%}C:GGF
L
Bl
(o

L
C
C
O’)G?@J’)ZO’)
L
51
o
Cc
8%
cOG20D O

C
o
o
L
C
QOO0
L
C

C
§C
C

]

C
05606000 0O
@o
C
C

o
°

g?ﬂ@ell GOD@J’)O(;’)U)@G&)’D(‘DQ@@II

c%0
C
?

o
o

P

C

C\BGC\)’)O’)GOD’)G§6T) S Gl@
°Q
]
C
o
0}
o

(o
§S’BG

C

0D 3200032200

o

C

H=ilopnle]

ogd

[»)
o
Ts;
L
C
oM
L
4
300
%)
C
2R

C
(o

o
0300
L
C
C
(09)
L
QO
[e]
GOGJ)[OD@ GOD:COJSI@@II
c 0
2 ¢
Q
00D
[
C ocC C
GSO:OD@ 8230020¢C
O\E@’Q]IG

Q0
SQ
L
C
[0

C

<
2]

L

g
0
S

°
°

C
(02
c

20

o
°

$
ZQJ’D

L

[¢]
[e]

o o <
2Q[281 QO

c59pREqaeRd!
Gl@éll
c0OG2020

000600
C
S’BC\EO&)@’J

®ogfge§e§q|’)sn

C

e

$

o
o

L

emoécmcgﬁsmo&emoé@l

30'305@8:

[S3ere)
Q
O
o}
o

°
°

cNDC

v-J

wO°
wn
o
g
o)
Q
)
00
2
(Vo)
2
“6
mL
3)
wl_ —
g2
Q
oa 8
- 00
£ 8
Cm O
eeJies)
_ og-
“q) &
M
n|0 o)
eE
© 9
Q
50 (8)
00 G-
S a8
G
0~ o3
oo U

GJ’)
(00]¢)
L




4-1

4-1-1

Dry Formulation

The important types of dry formulation are dust bases and
dust concentrates, dusts, powders(soluble or water-dispersible), gran-
ules and pallets. Dusts and powders are manufactured by mixing the
technical-grade pesticide with the appropriate inert carrier (for  ex-
ample, silica, sulfur, lime, gypsum, talc or clay). Sometimes aliquid
carrier such askeroseneisused. If the activeingredient isaliquid, it
isintroduced into the mixer through spray.

Dry formulation unit operations
( Sequence of oper ations)
- Handling incoming materials.

- Storage and warehousing of incoming
materials.

- Transfer of materials to the pre-mix
operators.

- Opening containers.

- Filling pre-mix binsor
hoppers.

- Pre-mix treatment
(grinding in the pre-mix grinding unit)

- Transfer of the mixture to the blender or mixer.

- Mixing, blending and grinding in the final grinding and
blending unit.

- Storage of blend for aging

- Trasfer of blend to packing area.

- Packing and labelling of blended products.
- Storage and warehousing of products.

- Shipping of products.
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- Decontamination of liquid or solid spills.

- Treatment of emissions
(solid, liquid, or gas)

- Disposal of wastes (solid, liquid, or gas)

4-1-2 Implements for Pesticide Powder For mulation and Packing

4-1-3
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4-2

4-2-1

Liquid Formulation

Liquid pesticides are produced as solutions, emulsion or sus-
pension. A solid active ingredient is introduced into a liquid carrier
(organic solvents, ails, water) in the presence of an emulsifying agent,
or aliquid activeingredient is blended into adiluent. The mixtureis
agitated until the desired stateis achieved and the finished product is
pumped to adrum-filling station for packing.

Liquid formulation unit operations.
(Sequence of operations:)

- Handling imcoming materials

- Storage and warehousing of imcoming
materials

- Transfer of incoming materialsto
pre-mix.

- Weighing concentrate
- Weighing solvent or
emulsifier
- Transferring concentrate, solvent or emulsifier to blender

or mixer.

- Mixing and blending

- Filtration

- Transfer of blend to packing.

- Packing and labelling of blended products.
- Storage and ware-housing of products.

- Shipping products.

- Decontamination of spills.
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- Treatment of emissions.
(Solid, liquid or gas)
- Disposal of wastes (Solid, liquid or gas)

4-2-3
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4-2-4 Bottle capping unit and Packing Process

5 Exhaust ventilation system

Particulate emissions constitute the main hazard from
grinding and blending processes and can be most efficiently controlled by
exhaust ventilation with abag-house system. All processing, formulation
and packing equipment and operations should have exhaust ventilation at
any point where vapour, mist or dust may be generated. Worker should
wear adequate respiratory and other personal protective equipment.

The local exhaust ventilation system should remove as little
air as possible from the working environment. Since enclosureisnot always
feasible, a hood, located as close as possible to the source, is often needed.
Once the contaminant has been collected in the hood, it istransported by the
duct system. Air movement may be necessary to avoid heat stress or to
provide dilution ventilation.Worker should wear adequate respiratory and
other personal protective equipment.
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5-1 Exhaust ventilation with abag-house system for mist or dust

( exhaust ventila-
tion with a bag-
Lhousesystem

( Smell sunction
k hood system

5-2 Exaust Ventilation System for vapour

Exaust Ventilation
System for vapour
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5-3 Air condition system and Dust collector

[Ai r condition system]

[ Dust collector ]

6 Waste Char acteristics

The principleair pollutants are particul ate matter and volatile
organic compounds (VOCs). These are released from mixing and coating
operations. Most liquid effluentswill result from spills, thecleaningof  equip-
ment, and process wastewaters. The effluents may containtoxic  organics
including pesticideresidues. Major solid wastes of concern include contami-
nated discarded packaging and process residues. There will also be effluent
treatment sludges.

6-1 Pollution Prevention and Control

The recommended pollution prevention measures are:-

- Use equipment washdown waters as make-up solutions for
subsequent batches.

- Use dedicated dust collectorsto recycle recovered materials.

- Use suction hoods to collect vapors and other fugitive
emissions.
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- Return toxic materials packaging to the supplier for reuse.

- Find productive uses for off-specification products to avoid
disposal problems.

- Minimize raw material and product inventory to avoid
degradation and wastage.

- Label and storetoxic and hazardous materia sin secure bunded
areas.

Treatment Technologies

Bag-houses for particulate matter (PM) removal and carbon
absorption for removal of VOCs are applicable and effective
technologies. Reverse osmosis or ultra- filtration is used to recover
process materials from wastewater. Effluent treatment may include
carbon absorption, detoxification of pesticides by oxidation (using
ultraviolet systems or peroxide solutions), and biological treatment.
Exhausted carbon from absorption processes may be sent for
regeneration or combustion.

Due to the relatively small volumes of solid wastes, it is
difficult to find acceptable and affordable methods of disposal.
Ideally, solid wastes should be sent for incineration where
combustion conditions (such as 1100° C and at | east 0.5 second flame
residencetime) are maintained ensure effective destruction of toxics.
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Incinerator

7 Hazardsin Formulation and Packing
7-1 Toxicity

Themost significant hazard inthe formulation of pesticidesis
acute poisoning. Systemic poisoning is usually the most seriousrisk
associated with the formulation and packing of pesticides, but they
are additional hazards such as acute or chronic irritation and inflam-
mation of the skin, eyes and respiratory tract and sometimes allergic
responses. The hazards may arise not only from the activeingredient,
but also from the “inactive” ones, for exampletalc and silicaor from
solvent vapours. Because of this, it isimportant that the properties of
all the components of a pesticide formulation are known.
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7-2 Flammability

The greatest fire risk is associated with the use of organic
solvents. The flammability hazards of substances can be classified
within ranges of flash-points.

7-3 Some commonly used solventsand their flash-points.

Solvent Flash point (°C)

Acetone 17.8

Butanol 28.9

K erosene(odourless) 79

Toluene 4

Turpentine 35

Xylenes (mixed) 25

Primary good practice dictatesthat air and flammable vapours
should never be allowed to mix; nevertheless, every precaution should
be taken to ensure the absence of ignition sources. Where a flam-
mable mixture exits, electrical equipment should be expl osion-proof
or at least spark-proof. Naked flames or spark-producing tools should
be avoided. Workers, containers and equipment should be sufficiently
earthed to prevent a build-up of static electricity that might create a
spark or discharge.
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7-4 Explosion proof lamp and Fire Fighting M aterials
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Explosion proof lamp FireFighting Materials

8 General Principlesof Control Technology

Despite the diversity of pesticide plants, almost all pesticide
formul ation and packing facilities sharethefollowing features:-

- Equipment is generally used for more than one product;
therefore cleaningisrequired.

- Many toxic and flammabl e chemical s are used.

- Although some production processes are continuous, most
reaction, blending and mixing operations in the pesticide
industry are batch operations. These may beincrease the risk
of exposure since the materials have to be handled more
frequently in the batch process.

For the complete protection of workers in a pesticide plant,
engineering controls must be supported by effective management. Through
education and training, both management and empl oyees can be made aware
of the occupational hazardsthey face, and of the control measuresthat should
be followed to avoid occupational illness or injury, in both routine and
emergency situations.
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The complete training programme should include thefollowing:-
1 Pre-assignment training

2. On-the-jobtraining

3. Continued training.

If ahighly toxic pesticideis spilled:-

- All nonessential personnel should be evacuated from the area
of theleak or spill and the leak stopped.

- The area of the spill should be adequately ventilated to
prevent the accumulation of vapours.

- If the pesticide isin liquid form, it should be collected and
absorbed in vermiculite, dry sand, earth or similar inert
material.

Personnel entering the spill area should be supplied with
appropriate protective equipment and clothing.

Only personnel trained in the emergency procedures against
the specific hazard present should shut off sources of pesticide emission, clean
up spills, control and repair leaks or fight fires in areas where the pesticide
material ispresent.

The plant should have provision for the first-aid treatment of
contaminated workers. This should include:-

- Deluge showers and eye-wash fountains.
- Emergency transportation to health-carefacilities.

- Oxygen and resuscitation equipment and antidotes where
appropriate.
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Eye-wash fountains Deluge showers

8-1 Fireprecautions

If a product containing organophosphorus compounds is
involvedinafire, full protectivefire-fighting clothing and an oxygen-
demand or air-supplied respirator must beworn by anyoneinthearea
to avoid skin contamination or inhalation of toxic materials. The
responsible authorities should be prepared to warn immediately and if
necessary evacuate, all residents downwind of the fire area.

The fire-fighting personnel should be informed about all
chemicals involved in a burning area and shoud always wear
respiratory protection.

9 Control at or near the hazard source

Replacement of hazardous materialswith |ess hazardous ones
should always have high priority. If asafer substitute can be found, and used
economically, then the dangerous material should not be used. Inert materials
and solvents of low toxicity should be used whenever possible in order to
reduce the hazard to workers. Materials of low flammability should be
selected wherefeasible.

Process modification is often an important approach to
emission control. Thismay entail either changing the design of the process or
discarding unreliable equipment, thus reducing transient emissions and
exposure during maintenance work.
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Equipment should be selected to contain as much as possible
all hazardous materials, to afford ease of cleaning, and to requirelittle main-
tenance. Where maintenance isrequiered, it should not be hazardousfor the
workers involved. Any equipment that contains liquid should be free from
leaks and drips; and should have a guard, to prevent the operator being
spleshed, and acollector for spills. All filling machines must close automati-
cally when the power supply is switched off or cut off.

Local exhaust ventilation systems capture air contaminants,
such as dusts or solvent vapours, at the source, so that they do not disperse
into and contaminate the work environment and are not breathed in by
workers.

10 Control in theworkplace

A dirty or untidy plant creates an attitude of carelessnessin
theworkforce and showsthat management giveslow priority to careful work
practices. Surface contamination, whether visible or not, can beamajor source
of skin contamination. Leaks and spills, if not attended to promptly, are an
important source of both air and surface contamination.

Cleaning equipment, absorbent materials and decontaminat-
ing solutions should be readily available and inspected and replenished
frequently. Each worker should feel responsible for keeping the work area
clean.

Cleaning up spills should have high priority. Only breakdowns
of machinery and other emergencies should take higher priority.
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Vacuum cleaning is important in plants where powdered
pesticides are formulated or packaged. In the absence of vacuum cleaners,
brooms and shovels may have to be used. However, dry sweeping is not
usually recommended because it is difficult to avoid dispersing a cloud of
dust. Damp sweeping can help to reduce air contamination by dust.

Liquid spills should be cleaned up by sprinkling with
absorbent material (Fuller’ earth, diatomaceous earth, sawdust, granul ated
clay, etc.) whichisthen shovelled and swept into containersfor disposal. For
the decontamination of liquid spills of organophosphorus pesticides, alibera
guantity of hydrated lime or soda ash should be applied and covered
completely with absorptive clay. The cake material should then be removed
and transferred to asuitable container for disposal by chemical treatment and
burial. Spillage areas should then be washed thoroughly with a strong
solution of a commercial, low-foaming, hard-water detergent in 5%
trisodium phosphate, applied through agarden hose spray nozzle. Theentire
area should then be washed with plain water.

1 M aintenance

A maintenance programme should include:-

- Regular inspection, by trained personnel, of all equipment in
the plant.

- Recording and regular review of equipment performance to
detect any deterioration.

- Regular and routine servicing and adjustment of equipment.
- Prompt repair of breakdowns.

The maintenance programme can be carried out by the
operators themselves or, preferably, by specially trained maintenance
personnel. Preparation of the equipment for repair must be carefully
supervised to prevent exposure of maintenance personnel to chemicals or
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injury. Once maintenance is compl eted, the work areashould immediately be
thoroughly cleaned.

[

12 Control at or near thewor ker

Written operating procedures must be available and enforced
for normal and emergency situations in formulating operations, such as
during:-

- Loading and unloading of transport tanks.

- Start-up and shut-down of processing or packing equipment.
- Addition of raw materialsto areactor or blender.

- Process operations.

- Handling of waste materialsin the workplace.

All containers used for transfer or storage of pesticidesin the
workplace should be properly labelled or tagged to permit ready identifica-
tion of contents and to warn of possible hazards.

In areaswheretoxic materials are being processed or packed,
signs should be displayed:-

- prohibiting entry of unauthorized peopleto the area.
- smoking restrictions,

- accessrestrictions,
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13

the location of emergency equipment,

emergency telephones and all escape routes should also be
prominently displayed.
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Per sonal hygiene

Good personal hygiene practices are particularly important

for pesticide workers. They include the followings:-

)

)

Cleanwork clothesthat cover as much of the body as possible
should be worn and changed daily. Natural rubber gloves,
coveralls, ahelmet or cap, and boots with protective toe-caps
arerecommended. A form of eye protection should be issued
and its use enforced. The inside and outside of gloves should
be cleaned frequently. Gloves should be replaced frequently
and damaged gloves destroyed. Street clothes should not be
worn under work clothes.

Any clothing contaminated by liquids or dusts must be re-
moved. All areas of skin exposed to pesticide must be washed
thoroughly and victims observed over 48 hoursfor symptoms
of intoxication.

22
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3 Workers should wash their hands and face thoroughly before
eating, drinking, using thetoilet, or smoking. Tobacco, food,
drinks and chewing gum should not be brought into any pes-
ticide formulating or packing area. Water for drinking and
washing (except for emergency showers) should be obtained
from outside for the formulation area.

4) Beforeleaving the plant, work clothes should be removed and
placed in alaundry bin. Boots and gloves should be washed
before removal. Employees should bath or shower and dress
in street clothes before leaving the plant.

The ideal locker room would have a clean side (street-side)
and adirty side (plant-side) separated by shower rooms.

Flat pans of dilute alkaline solutions with brushes attached
should be kept on the floor near exits, so that workers can easily wash rubber
footwear before leaving the work area.

Safety showersand eye-wash facilitieswith clear access must
be availablein case of major skin or eye contamination. Thesefacilities must
be checked regularly to ensure that they are in good working order.
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Hard hats are recommended if objects may fall from above or
if thereisalow celing or any other construction that could cause head injury.
Cloth caps can prevent dust from settling on the head and leading to scalp
exposure.

Safety glasses, chemical splash goggles or face shields are
required where splashes may occur.

When liquids are involved, a rubber or plastic apron is
helpful. If suchimpermeable clothingisworn, theworker isexposed to greater
heat stress because of the reduction in evaporative heat loss. It isimportant,
therefore, to maintain a comfortable temperature in the workplace.

Rubber safety boots should be provided for people
working with liquid formulations. Gloves should be worn for almost all
work with pesticides. In hot climates, thin cotton gloves worn inside
impermeabl e gloves can absorb perspiration and give greater comfort.

Respiratory protection must be available within pesticide
plantsto be used in case of fire or toxic chemical release and on occasions
when workers must enter enclosed spaces. Disposable dust masks are
widely used, but may only be effective when dusts of low toxicity and no
vapours or gases are invloved.

14 Sorageand Transport

Storage areas should have afirm and impermeabl e base made
of amaterial such asconcrete surrounded by acontainment sill. Asphalt isnot
recommended because of it softensin hot weather and under the influence of
certain solvents.

Ideally all pesticides should be stored under aroof. All drums
must be stored so that there is adequate access of fire-fighting. Storage on
palletsisrecommended.
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Ware-house operations must be closely supervised by atrained
and experienced supervisor.

The following written information must be readily available to the
supervisor:-

- instructions for the safe and correct operation of equipment
and storage of materials;

- data sheets for all stored and transported
products;

- hygiene and safety instructions and
procedures;

- emergency instructions and procedure;

Pesticides must not be stored or transported in any way that
could bring them into contact with animal foodstuffs, clothing, tobacco, cos-
meticsor similar materials.

Theidentity, quantity and condition of goods must be checked
onarrival. If they are not in good condition, or if for any reason they seemto
present a particular hazard, appropriate action must be taken. The damaged
containers, should be disposed of in asafe and approved way.
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A clear space should be | eft between all outsidewallsand the
nearest packs, and within block stacks, to allow free movement of air and
access for inspection and fire-fighting. Stocks should be used on a “first
in- first out” basic.

Product packs must be arranged so that fork-lift trucks and
other handling equipment can move between them. Narrow aisles or tight
cornerswill increasetherisk of damageto packs. All aislesshould beclearly
defined by marking on thefloor.

There must be aclear space between thetop of all stacksand
the roof, including light fixtures and roof beams. The height of stacks must
not be so great as to cause damage to the lower packs.

15 Segregation of productswithin the ware-house
15-1 Flammability

Flammabl e liquids and aerosol swith aflash-point of lessthan
61°C should be segregated from other products. In large ware-houses
segregation is best achieved with fire-resistant walls. In smaller units
anonflammable barrier, made of, for example, water-based products,
can be used.

15-2 Sability and susceptibility to oxidation

It is strongly recommended that oxidizable and unstable
products are segregated in a well-ventilated area away from
flammable products. Specific advice should be obtained from the
label, the product data sheet, or the manufacturer.

15-3 Odour

Products with strong odour might reduce the effectiveness of
attractants added to baits and should be well segragated from them. It
is better that they are not permitted to be stored in the same ware-
house.
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16 Dispatch and transport procedure

Pesticides should not be loaded on the same vehicle as food-
stuffsand other materials destined for human or animal consumption or use.

The condition of vehicles and transport containers must be
checked beforeloading. Unsound floorsor protrusionsthat arelikely to dam-
age the packs must be avoided.

Care should be taken to ensure the stability of the load. Ve-
hicles without a suitable barrier between the load and the driver must not be
used.

Vehicles should comply with national regulations and carry
the relevant docoments, for example a Transport Emergency card, for usein
the event of an accident, containing the following information:-

- the name, address and tel ephone or fax number of the
dispatching company.
- alist of the products being carried: and

- the hazard likely to be caused by an accident and precau-
tionsto be taken.
A suitablefire extinguisher and protective and clean-up equip-
ment sould be available for use by the driver, who must be trained to deal
with emergencies.

17 Disposal of pesticides

The adequate and safe disposal of excess pesticidesand waste
productsfrom formulation and packing plantsisextremely important to avoid
serious public health hazards.

Pesticides should never bewashed into adrain or flushed into
apublic sewage system. Solid waste can be buried at |east 45 cm deep in soil,
at locations approved by the health authorities. Normal landfill sites should
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not be used for this purpose. Liquid wastes can be run off to an evaporation
pond.

The main concern when disposing of toxic wastesisto avoid
contamination of either surface or ground water. Records must be kept of
disposals and the location of burial . .sites, and a copy given to the appropri-
ate government office.

[Evaporation pond]

Pesticide waste products may be incinerated in special
high-temperature incinerators; however, the possibility of air pollution must
be considered particularly when large quantities of pesticide are being dealth
with. The emission of gaseous pollutants and ash should be monitored.

Thedisposal of used pesticide containersposesaserious public
health problem. It is recommended that all pesticide containers are clearly
labelled with instructions for their safe disposal or if permitted at al, reuse
according to the materials of which they are made, for example metal or
polyethylene and the toxicity of the productsthey originally contained.

17-1 Empty Chemical Container Cleaning

To ensurethat empty chemical containersthat housed achemi-
cal are properly handled and clearned so that they do not impact the
environment or the employees health.
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17-2

17-2-1

Disposal Process

This work instruction is applicable for all types of
hazardous chemicals use in production whether they are in the
liquid or solid form. Since most empty chemical containers may
still have someresidue, they must be handled properly to minimise
injury and impact to the environment. All the relevant personnel
involve in handling the empty containers must be trained and quali-
fied. They also shall use appropriate personal protective equipment
(PPE) when they clean the empty chemical container.

There are 2 types of residue in empty chemical containers.

(@ Water dispersible chemical
(b) Water non-dispersible chemical

Cleaning Sequencefor Water Dispersible Chemical
A
Setp 1 >
25 kg Tap Water
|
Chemical Container
Re-usein
Storage Contai her manufacturing
— process
Setp 2 A
2.5 kg Tap Water
Repeat
> Step 2 for
Chemical Container/ 6 times
Plastic Bag
Shake /
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17-2-2 Cleaning Sequencefor Water Non-Disper sible Chemical

Step 1

0.1 kg Emulsifier 2.5 kg Tap Water

|

Chemical Container

Shake
»| Storage Container
Step 2 A
2.5 kg Tap Water
Shake
Chemical Container

Step 3 |

5.0 kg Tap Water

Chemical Container

Shake

Repeat
step 1-2 for 3 times

Repegt
Step B for 5times

It is very important to|remove as much of the chemical as
possible. After washing the container, it should beinyerted. It is ad-

visableto usedrain racksto ensurethe containerswhid

hwill allow all

residual fluid to exit the container. The wash solutiof should be re-

used in the plant operation.
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Theresidual fluid (last rinse) need to be tested after washing.
For example, the rinsed water from the chemical container cleaning
should be analysed (GC analysis) to ensure adequate washing has
occurred and thereis minimal of chemical residue. Sampling of GC
analysissample shall follow as per appendix (3).

17-2-3 Sampling of Analysis Sample
0.1 Kg Tap Water
Washed Washed Washed Washed Washed Washed
Chemica | | Chemical | | Chemical | | Chemical | | Chemical | | Chemical
Container | | Container | | Container | | Container | | Container | | Container
C
Repeat cleaning process *
> 9P Sampling bottle
GCAnalysis
Al Detected
Result
No Al Detected
Dispose/ Sale

Step 2 in Chart (1) and Step 3 in Chart ( 2)
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17-3 Flating the empty drum with hydraulic machine.

17-4 Sale of Wahsed Container.

The washed container which was confimed no residue
detected, should be flattened in the hydraulic press. The flat
containers are sold out to the approved contractor.

All the chemical containers which are not subject for
cleaning process should be disposed as schedul e waste.

18 Quality Control of Pesticides

In apesticidesformulation and packing plant specifications
are required for:-

- ingredient

- packaging materials

finished products

Errors made during production may be detected in the labo-
ratory by appropriate sampling and analytical techniques, but it may not
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be possible to rectify them. It is essential that plant operations are
carefully controlled and monitored, particularly where formulation and
packing plants are used to produce a range of products.

Ingredients and packaging materials should be used on a
"first-in, first-out" basis. To avoid accumulation of partially-filled con-
tainersit is agood practice to base batches upon whole numbers of con-
tainers of active ingredient. Drums should be rinsed where appropriate
with part of the solvent to avoid losses of high cost ingredients and to
prevent environmental problemsarising.

During and upon completion of the formulation process, a
representative sample of the product must be taken for laboratory assess-
ment. The production supervisor must keep copies of manufacturing
specifications for each product. When the batch is confirmed to be "on
specification”, it can be released for packing. If the batch fails, the
Production Supervisor must arrange for the batch to be reprocessed,
resampled and rechecked in the laboratory.

Regular checks must be made on the product volume or
weight filled. This can most easily be done by placing a checking scale
closed to the filling point. The batch numbers must be marked upon the
sales packsfor identification in the event of a quality compliant.

Cross-contamination (that is, of one product by another)
can occur as aresult of:-
() equipment related problems such as:-

- poorly designed pipe-runs and vessel s where mate-
rial may be trapped and not flushed out,

- |leakage through valves.
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(b)

procedual problems such as:-

improper cleaning of equipment.

incorrect marking or storage of partly-filled contain-
ers from previous production runs.

lack of carein disposing in plant washings and floor
sweepings.

operational errors, for example, opening of thewrong
valves,

Such problems can be avoided by:-

mai ntai ning equi pment in good operational condition.

correcting design problems; ensuring that pipe runs
are as short as possible and sloping downwards from
the hold vessels, and that valves are clearly marked.

keeping pipe connections simple and blanking off con-
nections not in use.

installing flushing ringsin blending and holding ves-
sels, so that they can be flushed, drained and thor-
oughly cleaned during product switch-overs.

storing herbicide and plant growth regulator ingredi-
ents separately from other products.

not processing herbicides and plant growth regula-

torsin plant used for other types of products, such as
insecticidesand fungicides.
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- having clearly defined operational and cleaning
procedures, and maintaining close supervision of all
operations.

- alwaysremoving and clearly marking partly-filled or
unused containers from previous production runs.

|
"I |l

REEE
£ e

19 Quality Control in the Laboratory

A properly organised, well-equipped and efficiently operated
QC laboratory is an essential part of a pesticide formulation and packing
plant. Idedlly, all |aboratory operations should be housed in one building with
easy access from the plant. It must be sited so as to avoid contamination,
vibration and noise from nearby production activities. The building should be
of sound construction and well maintained.

The size and design of the QC laboratory will depend upon
the scale of manufacturing operations and the scope of the tests to be
carried out.
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Basic requirementsare:

acomfortableworking environment, with good ventilation and
lighting and low noiselevels.

control of temperaturewithin reasonablelimits (18°Cto 25°C).
In areas of thelaboratory where sensitive instruments such as
chromatographs are used, draughts must be avoided. In hot
climates air-conditioning may be required, particularly for
microprocessor controlled equipment.

areas containing sensitive analytical instruments such as
spectrophotometers and chromatographs should be kept
separate from samplereceipt and preparation, and instruments
must be located out of direct sunlight.

separate storage areas, preferably outside the building, for gas
bottles and solvents.

efficient fume cupboards in which toxic materials can be
handled safely.

safety equipment (with appropriate signs) must be readily
accessi ble. The minimum requirements arefire extinguishers

and blankets, eyewash stations, ashower, first-aid boses, safety
spectaclesand suitable gloves.

alocked storage areafor retained samples.

The laboratory must be able to undertake acceptance testing

of incoming formulation ingredients and packaging materialsand in-process
and batch analysis of formulated materials, aswell asfinal checkson packed
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The laboratory supervisor should be a competent analytical
chemist, fully trained in all aspects of the operation of an analytical labora-
tory including product, ingredient and package testing. He must also have a
good understanding of the use of specifications. He must be responsible for
any maintenance work carried out on the laboratory equipment, and should
be ableto perform simple, routine maintenance operations himself.

Gas Chromatograph Retained Sample

All staff must be trained to be fully aware of the hazards
hinerent in a chemical laboratory. They must also be aware of the need
for good personal hygiene, and the use of all the appropriate safety
procedures.

In the laboratory, samples awaiting testing should be
kept separate from those already dealt with. After testing, samples
must be retained for at least 2 years, preferably in laboratory
reference number order under controlled conditions, if possible
between 20°C and 25°C.

20 Control Technology for Occupational Health Hazards
in Pesticide Formulation
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20-1

Health surveillance of workers.

Medical surveillance of workersisalsoimportant and should
include biological monitoring and tests for the early detection of
health impairment. The health hazard may be due not only to the
pesticide but also to other components of the formulation, for ex-
ample, organic solvents that may be .neurotoxic or have narcotic
effects and components that may cause allergie.

Health personnel should have free accessto the workplace,
to information about processes and substances used and to the
results of occupational hygiene assessments. Health personnel
should be free to advise workers about occupational health
matters and to advise worker's representatives and management
on potential health hazards.

Pre-placement health examinations identity medical
conditions that may make the worker particularly susceptible to
the hazardous substances or conditions at work, or that may
prevent the worker from using the required personal protective
devices. Pre-placement baseline results for certain conditons (for
example pre-exposure activity of blood cholinesterase and
neurological status) should be recorded.

Regular health examinations identify conditions that may
have devel oped since the previous examination, and that may alter
the person's susceptibility. They may also detect early changes due
to occupational exposureto health hazards. The frequency of these
examinations will depend on theworker'slevel of exposure, health
status, and the results of previous examinatons. Whenever
possible, exposure to, or the effects of contaminants should be
confirmed by blood and/or urine testing.
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Every worker should be aware of potential hazards and
correct emergency procedures and be able to use first-aid equip-
ment.

Annua Physical Examination Work Environment M easurement

21 Safety Guidelinesfor Storage of Pesticides

Asageneral policy, the area where pesticides are stored and
handled should be constructed and maintained in Sug ' of
contamination to people and the environment is avoig i
of these premisesisrequired to ensurethe'y ared

stated on the label.

This guidance note is
storage of general pesticides. Information covered here however does not
fully cover all safety aspectsfor highly flammable pesticides. All chemicals
classified as dangerous goods under Dangerous Goods Ordinance or
liquefied petroleum gas under Gas Safety Ordinance must be kept in
appropriate stores in compliance with any conditions as required by the
relevant government departments.
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21-1

L ocation

Pesticide storage premises should be located away from

schools, housing estates, hospitals, shopping areas, food
manufacturing and storage premises, buildings used for housing
livestock, fuel or combustible materials. Large-scale stores should
be situated inindustrial buildings.

The storage premises should be located where there is no

known flood risk and should be sited to minimize any hazard to
watercourses, ponds, impounding reservoirs, water gathering
grounds, service reservoirs and underground water which could
be polluted by spilt pesticides.

In addition, within the store, the followings should be followed:

(@)
(b)

(©)

(d)

(€)

(f)

suitable emergency exit is provided and marked.

there is adequate accessibl e storage space for the expected
maximum contents.

construction including doors, ceiling, walls and floors
should be, as far as possible made of non-flammable or
fire-resistant materials (except as specified in (j) below);
no rug or carpet should be used.

floors and walls are free from cracks, impermeable to
pesticide to prevent |leakage of pesticide or contaminated
water.

there are entire wall partitions to separate store from
office.

thereisadequate natural or artificial lighting to permit safe
handling of pesticides.
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21-3

(9)
(h)
(i)

()

it is accessible to a washroom with running water.
the premises should be clean and tidy.

for Part |1 pesticide stores where alarge amount of liquid
concentrates may be stored, especially in drums, floor
should be set below ground level, or an impervious door
sill of suitable size should be provided to create a sump of
sufficient capacity.

for pesticides classified under the control of Dangerous
Goods Ordinance, prior consultation and approval from Fire
Services Department on storage requirements are required.
Security

Pesticides must be kept away from and out of reach of

children, animals and any unauthorized persons. Thefollowing are
security aspects to be considered:

(a)

(b)

(c)

stores or buildings should be securely locked outside
business hours when staff is not present.

stores or buildings should be designed to resist intruders
and windows should be constructed to prevent intruders
and resist rainstorm.

prior arrangements should be made with suppliers
regarding the delivery of pesticides; pesticides must not be
left unattended outside.

Warning Signs
Smoking, drinking or eating should be prohibited within the

premises. Warning notices must be prominently displayed. Thewarn-
ing signs, “PESTICIDES STORED” and the notices, “NO SMOK-
ING” and as well as “NO EATING AND DRINKING” must be
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21-4

clearly exhibited in placesin the height that are easily visible within
the premises. Pictogram in lieu of words is also acceptable. All the
notices should be printed and water proof. The background of the
notice should be white in colour while the words should bein red or
black with aminimum height of 160 mm.

Regarding pesticides classified under the control of
Dangerous Goods Ordinance, a plate showing the category of the
dangerous goods as prescribed by Fire Services Department is
required to be provided.

Ventilation

The storage site should be well ventilated in order to
control potential health, fire or explosive hazard. Where possible,
natural ventilation should be provided by vents on the upper and
lower walls and the roof. Vent on lower part of door is also
acceptable. For good air circulation, it isrecommended that aclear
space of 1 metre be maintained between the topmost products and
the roof as well as between the goods and the walls. The sizes of
windows and door should be at least 10% of the floor area and
always kept opened.

If adequate natural air circulation cannot be provided, ven-
tilation system such as exhaust hood or extraction fan may be in-
stalled to maintain awell-ventilated environment. The exhaust hood
should be independent and should not allow exhaust air to re-cir-
culate without appropriate treatment. Generally speaking, two in-
dustrial type extraction fans (one in and one out) are more effec-
tive. For storage premises not exceeding 90 square metersin area,
one extraction fan of industrial typein diameter of (25) cmisrec-
ommended in stores keeping general Part | pesticides where two
of (30) cm are suggested in those keeping agricultural (Part 11)
pesticides. If necessary, adequate wall fan, ceiling fan, tablefan or
standing fan should be available for internal ventilation.
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For pesticides that do not generate fumes under normal
storage conditions, such as mosquito mat, rat or roach bait or

pesticidal dehumidifier, air conditioning system may be installed
to maintain adry, cool and ventilated environment.

The provision of ventilation for storage of pesticides
classified under the control of Dangerous Goods Ordinance should
be in accordance with the requirements specified by Fire Services
Department.

21-5

Fire protection facilities

Fire protection facilities under good conditions are very

important. Proper maintenance of fire serviceinstallations within
the store is essential for the sake of fire safety.
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21-6

Automatic fire extinguisher system is required in storage
premises. For those pesticides, which may become dangerouswhen
come into contact with water, gas type fire extinguishing system
may berequired. Firealarm and fire hose inside the store or in the
corridor are necessary, especially for large-scale store.

At least two foam or dry powder type fire extinguishers
with atypical capacity of 6 kg are availablein storein areaof first
50 square meters where an extraone is required for an additional
area of 100 square meters. They should be fixed and placed on
shelf or hung on wall in readily accessible and conspicuous
positions.

At least two buckets of sand should also be available. The
buckets should bered in colour, made of metal and with cover and
handle. Fire blanket may al so be equipped.

Regarding pesticides classified as dangerous goods under
the Dangerous Goods Ordinance, specific fire serviceinstallations
requirements will be required by Fire Services Department
depending on the category of dangerous goods involved.

Stacking

Pesticide containers should be stacked according to their
dimensions and design, the material s of which they are made, and
their contents, so that there is no danger of stack falling or
collapsing. The heavier one must be placed at the bottom of
stacking.

Where well-packed stock is placed on ground, pallets should
be used so as to prevent unawareness of leakage of liquid pesti-
cides and thereby reduce therisk of cross contamination or corro-
sion. Containers should be stacked only to aheight, which iswithin
safe working reach of either the authorized personnel or the me-
chanical system used, and which will not cause damage to con-
tainers lower down the stack. An inspection aisle between blocks
of stock is necessary.
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21-7

Care should be taken not to block the emergency exits.
Separ ation from other commodities

Pesticides must be kept separately from other commodi-

tiesto avoid any contamination or confusion with other materials. In gen-
eral, pesticides should be separated from other commodities as follows:

(a)

(b)

(c)

(d)

(e)

()

for Part 11 pesticide stores, food or medicines for internal
use should on no account be kept in a pesticide store; for
Part | pesticide stores, pesticides should be stored away
and separated from any foodstuff;

for the stores keeping Part |1 pesticides for own uses, her-
bicide should be placed separately from other pesticides;
the notices stating pesticides in different kinds should be
clearly posted on pesticide shelf or in pesticide cupboard
e.g. insecticide, herbicide, plant growth regulator, etc.;

other commodities such as animal feeding stuffs and
veterinary medicines, seeds, fertilizers, etc. are unsuitable
to be stored with pesticides and should be kept separately
to avoid contamination;

all pesticides should be physically segregated from readily
combustible materials and distant from fire source to mini-
mize firerisk and the production of harmful fumes should
fire occur,;

pesticides which are classified as a particular category of
dangerous goods should not be stored with other category
of dangerous goods,

theincompatibility of the pesticideswith other substances
as detailed in the material or product safety data sheet of
each pesticide should also be observed,
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21-8

21-9

(9)

(h)

pesticides should be labelled with the word “POISON” and
the characters (some with “CAUTION"), the trade name
and, if any, the common names; and

storage area, especially inlarge-scale store, should be clearly
defined by markings with awidth of 5 cm on the floor.

Storerecords

Storekeepers are required to keep arecord of all pesticide

movements within the store. Accurate record-keeping and stock
control ensure that the contents of a store can be readily identified
in an accident and/or when asked for by the regulatory authorities
or emergency services. Records should include details of

(a)

(b)

all movements of stock in and out of the store, including
pesticides received, stored, destroyed, or sold. Supporting
documents such asimport/export licences or recei pts should
be kept.

trade name and common name, registration number and
guantity of each pesticide stored.

Stock checking

Regular check on pesticides stock including shelf life of

pesticides, conditions of packing and labels should be made
thoroughly. This ensures the manager be aware of any |eakage or
spillage of pesticides at an early stage, so as to mitigate the
hazards arisen. Stock turnover must be organized to ensure that
the contents of a container are used as quickly as possible once
the container has been opened.
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21-10

21-11

21-12

Disposal of outdated and unwanted pesticides

Disposal of expired, leaked or unwanted pesticides is
subject to the requirements under the Waste Disposal Ordinance.
Prior approval from Environmental Protection Department and
arrangement with licensed waste collector are required.

Oper ational safety

All personnel involved in the handling of pesticides should
be fully informed of the potential hazard of the chemical.
Storeowners should make the material or product safety data sheet
of each pesticide stored available for their staff. The working
instructions and procedures should be prepared and documented.
Inlarge-scale stores, instruction for safe handling of equipmentis
also required. Regular training in handling chemicals, use of fire
extinguishers and occupational safety and health should be
provided to all the staff.

The transport emergency card attaching with pesticides
during transportation is necessary.

Provision for emergency

The following items should be readily available for usein
emergency:

(@) each emergency exit should be clearly marked with asign,
“EXIT” located above the door.

(b)  signsfor the way of escape, especially in large-scale store
is encouraged.

(c) first aid box with sufficient items should be placed in
conspi cuous position outside the storage area. However, it
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(d)

(e)

should be within ready access by staff. Personnel,
especially supervisory persons, should be trained in
appropriate first aid and rescue procedures.

protective gear such asoveralls, apron, rubber gloves, safety
boots, goggles, mouth mask with canisters and industrial
cleansersfor human should be available for emergency.

tools such as empty open head drums, large heavy-duty
plastic bags, broom, shovel, rubber wiper and adequate
absorbent material should be available for handling
leakage or spillage.

Storekeepers are required to report any large spillage or

leakage of pesticide in warehouses to the appropriate authorities
immediately. In occurrence of spillage, follow the label
recommendation for the protective clothing to be worn when
handling the concentrated pesticides. In the absence of specific
instructions for handling the spillage of the product, the following
procedure may be followed:

(a)

(b)

(c)

(d)

contain and cover the spillage with double its volume of
inert absorbent e.g. sand, sawdust or soil;

after the spill has been absorbed, sweep or shovel thisup
thoroughly;

put all contaminated debris in a sealed and marked
container or large heavy duty plastic bag and placethisina
secure areato await safe disposal;

water used to clean containers, or any contaminated
liquids should under no circumstances be allowed to enter
drains or watercourses;
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disposal of contaminated liquids and debris should be
carried out only after consultation with the Environmental
Protection Department (EPD).

After removal of spillage and debris, thoroughly clean the

contaminated area and all equipment used. A spill area may be
decontaminated in one of the following ways:

(a)

(b)

Sprinkle area with hydrated lime, (1 handful / 0.1 square
meter), and dampen it slightly; rope off the area overnight.
Absorb the scrubbing liquid in clay or similar material.
Repeat the process if necessary. Dispose of the contami-
nated material in accordance with EPD regulations.

Cover the contaminated surface with undiluted household
bleach and scrub it with brush for at least half an hour.
Avoid breathing vapours by wearing the appropriate
protective clothing e.g. facemask. Take up the scrubbing
liquid with absorbent clay or similar material and allow the
treated area to dry. Repeat the process if necessary.
Dispose of the contaminated material in accordance with
EPD regulations. (Rev., March 2000)
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