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1 ;£XEcurIVE SUMMARY 

{ The pesticide formulation industry generates relatively small <tuantities of wastes 
whith can be toxic and polluting. Essentially a batch-orientated process operation using 
imported raw materials, potential areas of pollution can be effectively controlled. 

Disposal of wastes involves an area of extreme environmental sensitivity, virtually 
reliant upon external resources for disposal. Scarce capacity in developing countries of 
high temperature incineration essential for the disposal of toxic wastes is an acknowledged 
constraint and in the medium term will cause, in some regions, problems of waste 
accumulation and storage. 

Atmospheric emissions are low and easily controlled. Technology exists (B.A.T.) 
for the treatment of pesticide aqueous effluents to high standards of quality and is being 
adopted globally. Pesticide formulation sites, using currently available pollution control 
technology, with positive management should not constitute an environmental risk to the 
local community. 

2 INTRODUCTION 

It is important to recognize that the pesticide industry is divided into two distinct, 
and for the most part separate, areas of manufacturing operation and activity. 

i. Pesticide production involving the chemical synthesis of active pesticide 
ingredients (a.i.). 

ii. Formulation of synthesized active pesticides into products for registered 
use. 

The environmental pollution aspects and control for the synthesis of pesticides is 
the subject of an associated but separate Guideline document. This Guideline document 
concerns environmental pollution control aspects associated with the Pesticide Formulation 
ind•~.;try. 

While some pesticide product formulation activity is directly linked with the 
synthesis plants, generally formulation units operate as separate and individually resourced 
manufacturing units. Large numbers of formulation units are distributed globally in both 
developed and developing countries, where possible in convenient proximity to areas of 
use. Plant sizes vary depending upon location and production type; but on the basis of 
seasonally-orientated manufacture output may be broadly categorized as follows: 

Site Size 
Large 
Medium 
Small 

Output - tonnes per annum 
30,000 to 50,000 
10,000 to 15,000 
',000 to 5,000. 
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Active ingredients (a.i.) are imported, but economic use is made where practical 
and appropriate of high quality locally produced fillers, solvents and adjuvants necessary 
for product formulation. 

It is ~tially a batch-process orientated industry using, for the most part, simple 
techniq•JeS of grinding, mixing and blending, although more sophisticated technology is 
being introduc::cd to produce, for example, more environmentally acceptable granular and 
encapsulated product types. 

Pesticide formulation does not generate large volumes of waste for disposal. The 
main waste arisings include clean and contaminated package materials, plant residues, 
occasionally unwanted products and raw materials, and contaminated aqueous effluents 
from frequent plant cleaning and wash down. Air emissions at most are only lightly 
contaminated and are usually scrubbed and cleaned locally before discharge to the 
atmosphere. 

Properly managed pesticide formulation plants during normal process operation do 
not constitute a serious pollution risk to the external environment. A potential risk of 
more serious proportions is however acknowledged in the event of an outbreak of fire 
from both the products of combustion and contaminated run-off from fire water. 

This Guideline briefly reviews the various stages of pesticide formulation 
processes, identifies potentially polluting contaminants and waste arisings. Initiatives for 
waste n:cycling and re-use are explored and methods of treatment and safe disposal given 
for non-recoveraL!e wastes. Examples of treatment technology for liquid effluents are 
given along with broad examples of dis-:harge standards currently in use globally. A brief 
resume on essential aspects of health and safety monitoring in the factory workplace 
complementary to environmental control is also presented. 

3 PFSTICIDE FORMULATIONS AND PROCESSFS 

3.1 Formulation Objectives and Design 

The main purpose of pesticide formulation is to produce a product which has 
optimum biological efficiency and is safe and convenient to use. The choice of 
formulation type is determined initially by the physico-chemical properties of the active 
ingredient and must also talce into account loog tern1 storage life, safety and convenience 
to the user, and the need to avoid environmental problems. 

A wide range of solid and liquid formulations has been available for many years 
(Ref. I). The trend is now towards developing more environmentally-friendly 
formulations with improved safety and convenience to the manufacturer and user. A brief 
outline of the more important formulation types is given below (Ref. 2 and 3). 
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These are simple mixtures of active ingrediePt, dispersing/wetting agents and 
fillers. The mixture is dry ground to give a fine powder which will re-disperse into 
water. 

MIXING I-> I DRY GRINDING 1----> r=s=LENDING I 
Soluble Concentrates (SL) 

Where the active ingredient is sufficiently soluble in water, a ooncentrated solution 
is made by simple mixing. 

Emulsion Concentrates <EC) 

Where the active ingredient is sufficiently soluble in a non-aqueous solvent, a 
concentrated solution is made by simple mixing with the addition of an emulsifying agent, 
which produces a fine droplet emulsion on contact with water. 

Oil-in-water Emulsions tEW) 

The use of non-aqueous solvents may be avoided by making an emulsion of the 
oily active ingredient in water. This type of formulation requires careful choice of 
emulsifiers and stabilizers to prevent coalescence of the oil droplets. 

I PREMIX 1--> COLLOIDAL ----- > 
HOMOGENIZER 

Suspension Concentrates <SC) 

ADDIDON 
OF 

STABILIZERS 

Highly concentrated dispersions of particles in the range 0.5 to 5 microns are made 
by wet milling with a dispersing ag,ent, followed by the addition of anti-setting agents. 
The active ingredient must be very insoluble in water and must have a melting point 
higher than 60"C . 

o-> .__~_:O __ :_s_,, -> I :~TWN 1-> 
Sus,poemulsions CSE) 

ADDmONOF 
ST ABll.IZERS 

This formulation type is becoming important for mixtures of solid and liquid active 
ingredients. Careful selection of the dispersing/emulsifier system is essential to prevent 
flocculation of the particles and droplets. 
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Water Dispersible Granules (WQ) 

Powders or suspensions can 0e converted into water dispersible granules by 
various processes, notably fluid bed or spray drying, wet agglomeration followed by 
drying, pan granulation or extrusion followed by drying. F.ach granulation technique has 
its advantages and disadvantages, and the correct choice is an important factor in the 
quality of the end product. 

E:J -> I ~~D<G 1-> ~ -> I DRYD<G I 
Granules CGR) 

Active ingredients are absorbed by or coated on to pre-iormed granules for direct 
application to the soil or crop. 

Controlled Release 

Controlled release technology is receiving increasing attention in pesticide 
formulation. The active ingredient is coated with or physically trapped by polymers 
which slow down its rate of release. A specific example is microencapsulation (CS) 
where an aqueous emulsion of act:ve ingredient droplets is encapsulated by a thin wall of 
polymer. 

3.3 Environmental Factors in Formulation and ProctS Selection 

More sophisticated formu1ations and process technology are being developed to 
meet the rapidly changing standards being set by safety, environmental and regulatory 
authorities. The relative properties of different formulation types are shown in Table I. 

Table 1. Relative Properties of Different Pesticide Formulations 

F.ase of production 
Safety and Hygiene 
Packaging and Transportation Cost 
F.ase of Application 
Disposal of Package 
Physical Stability 

EC: Emulsifiable Concentrate 
WP: Wettable Powder 
SC: Suspension Concentrate 
WG: Water-Dispersible Granules 

Best ----> Worst 

EC > WP > SC > WG 
SC > WG > WP > EC 
WG>WP>FW>EC 
SC > EC > WG > WP 
WG = WP > SC > EC 
WG > WP > EC > SC 

In order to overcome the hai.ards and inconvenience of handling dusty products, 
many manufacturer.; are switching from wettable powders to suspension concentrates or 
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water dispersible granules. 1be use of non-aqueous solvents in emulsion concentrates can 
cause problems due to skin and eye irritation, solvent volatility and flammability. 
Because of this, there is increasing interest in water-in-oil emulsions and suspoemulsions. 
Where possible, water dispersible granules of liquid or low melting active ingredients are 
also being developed. 

Controlled release techniques are being developed to give slow release of the active 
ingredient in the field and to minimi7.e the toxic exposure risk during manufacture and 
application. 

Seed treatment fonnulations as solutions or flowable suspensions can be a 
convenient and safe way of applying the active ingredient to the target in the case of 
fungicides and insecticides. 

The increasing problem of pack rinsing and disposal in the field is causing 
manufacturers to formulate products as water dispersible granules wherever possible. In 
some cases, water-soluble packaging is being used to eliminate operator contact. 

3.4 Primary Raw Materials 

Pesticide active ingredients are synthesized from complex chemical processes to 
produce stable compounds which may be subsequently formulated into registered products 
for the consumer market. The active compounds are usually specifically produced for 
insecticide, fungicide and herbicide applications. Examples of compounds in current use 
are given in Table 2. 
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Table 2. Examples or lmedicides, Fungicides and Herbicides 

COMPOUND 

INSECTICIDES 

- Organo Phosphates 
- Carbamates 
- Organo-chlorines 
- Pyrethroids 
- Bi~rationals 

- Botanical 

FUNGICIDES 

- Dithio Carbamates 
-Triawles 
- MBC's 
- ~~l\rpholines 
- Pyrimid; ~ 
- Phthalamides 
- Inorganics 

HERBICIDES 

-Triazines 
- Carbamates 
- Phenyl Ureas 
- Phenoxy Acids 
- Bipyridyls 
- Others 

RODENTICIDES 

- Coumarins 

EXAMPLES 

Dimethoate, Pirimiphos-methyl 
Carbary), Pirimicarb 
Lindane, Heptachlor 
Pennethrin,Cypermetluin 
Bacillus Thuringiensis, Pheromones 
A vermactins, Denis Pyrethrins 

Manieb, Mancozeb 
Flutriafol, Propiconamle, Triamdimephonn 
Benomyl, Carbendazim 
Fenpropimorph, Tridimorph 
Ethirimol, Dimethirimol 
Captan, Folpet 
Copper-based Fungicides, Sulphur 

Attazine, Simazine 
Phenmedipham, AStllam 
Diuron, Chlonoluron 
2-4 D, MCPA 
Paraquat, Diquat 
Glyphosate, Sulphonyl URaS, Amida 
Xylenols, lmidazol Inones 

Brodifacoum, Difenacoum, Warfarin 

Other raw material components include inert powder fillen, organic solvents, oils 
as diluents in combination with a range of surfactants to effect stable dispersions or 
suspensions when diluted with water or other solvent prior to application or use. 

Water Usagi: 

Water is frequently used as a diluent for specific fonnalation types, for example 
aqueous suspension concentrates and herbicides. Intermittent washdown of plant, 
pipelitles and vessels also require considerable volumes of clean water. Small quantities 
of water are used for rinsing of safety and laboratory equipment. Normally mains supply 
is of adequate quality for these purposes. 
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Static reserves of stored water up to 200 m3 capacity are now common place for 
fire fighting emergency situation. Depending upon plant si7.e, total water usage ranges 
between 10 to so m3 per day. 

f.nmy Use 

The pesticide formulation industry is essentially aligned to mixing and blending 
processes at ambient and intermediate tcmperalUre and reliant on a moderate electricity 
supply. Lesser use is made, depending on climatic conditions, of steam for heat exchange 
and space heating. 

4 WASTE SOURCES AND CHARACTERIZATION 

4.1 Atmospheric Emmions 

Pesticide formulation process, for the most part. involves the mixing and blending 
of stable and non-reacting components which do not generate significant atmospheric 
emissions. Contaminated air streams are generated from air extraction equipment to 
remove dust and vapour contaminants from plant and vessels. These are normally vented 
to atmosphere via dedicated extraction/scrubbing equipment. 

4.2 Liquid FJDuent Waste Water 

Aqueous effluents arise from plant washing, vessel cleaning, cleaning of safety and 
laboratory equipment, and spillages, all of which may contain significant concentrations of 
active pesticide adjuvants and diluents. An average production site will produce about S 
m3 of effluent per day. 

Contaminated run-off waters from roof tops and roadways, although dilute, may 
also contribute to the site liquid effluent loading. Volumes will vary with site size and 
climatic conditions. Normally contaminated waters are intercepted and stored for later 
treatment or reuse. 

Dilute laboratory aqueous wastes are usually discharged to the site effluent system. 
Volumes are small and unlikely to exceed 100 litres per day. 

Site sewage effluents, which may include shower and laundry water, are normally 
discharged via a separate system to on-site septic tanks or direct to public sewer. 

4.3 SoUd Wastes 

Euentially three waste types are routinely produced. Quantities will vary 
depending upon size of plant and only broad estimates can be given for range of small to 
large operations. 

Clean Wastes 

Clean discarded package materials, cardboard, paper and plastic constitute a high 
volume, low density waste stream which is all recyclable. These wastes amount to SO to 
250 tons per annum. 
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Lightly Contaminate.d Wastes 

Lightly contaminate.d bags and containers (pla~tic bottles, steel drums, etc) and 
floor sweepings constitute a high voiume, iow density waste stream requiring shredding 
and/or compaction and overpacking before disposal - usually to licensed landfill sites. 
These wastes amount to 50 to 250 tonnes per annum. 

Hazardous and Toxic Wastes 

Plant (raw material and product) residual wastes, extraction and setubber medium 
residues, exhauste.d liquors and adsorbents are all toxic wastes; also off-specification, non 
recoverable raw materials and finishe.d products, out-dated, unwanted products, effluent 
treatment sludges and laboratory wastes belong to this category. 

Total volumes of these waste types is generally smaller and less frequently 
generated than clean or lightly contaminated wastes. Excluding liquid aqueous effluents 
probably less than 100 tonnes per annum total wastes for largest sites. Scope for further 
reduction in quantity also exists in many cases incorporating process ~hanges and 
modifications to enable point source recycling of uncontaminated process/product 
residues. 

These waste types are all potentially toxic and ha7.ardous requiring secure 
conlainment, full identification and safe storage pending authorised disposal, preferably i>y 
high terrperature incineration. 

4.4 Fugitive Fmmions - U~t Conditions 

Pesticide formulation process activities are conducted in fully contained and 
bunded work areas. Loss of materials due to leakage, valve failure or spillage etc. are 
intercepte.d and prevente.d from reaching the external environment. 

Large quantities of liquid and solid wastes can arise in the event of an emergency 
situation of fire or flood. Contingency plans for the containment and on-site storage of 
these wastes pending safe disposal are a vital element of a site environmental protection 
plan. 

4.5 Environmental Impacts 

Many compounds processed in pesticide formulation are, depending upon type, 
potentially toxic and hazardous to animal, fish and plant life. Extreme measures are 
essential to ensure that all process emissions and residues are, by means of interception 
and containment, prevented from contaminating the environment. 

Contaminated air streams are normally scrubbed or filtered, resulting in only small 
locaJized emissions of dust or vapour. Nuisance situations can arise from chemical 
odours, but these can be controlled by activated carbon adsorption. 
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Potential pollution risks to water courses and groundwater exist and must be 
controlled. Outdoor areas for raw material storage should be roofed to avoid 
contamination of rainwater. 

Pesticides are highly toxic to fish, animal and plant life. Contamination to surfac-'!, 
ground water and potable supplies could have disastrous effects. A real hazard could 
arise in fire situations which can generate large volumes of contaminated water with run­
off risks to the external environment. 

Acknowledging that pesticides are designed for controlled and dilute application in 
the field, high concentrations of products arising from spillage, irresponsible dumping will 
have sterilizing effects and cause leaching problems over a long period of time. 

S POLLUfION PREVENTION AND CONTROL 

It is important to identify that pesticide formulation plants function and operate 
with imported raw material active ingredients, adjuvants and diluents. This section of the 
industry is not faced with the production of complex waste by-products likely to arise in 
the associated industry of chemical synthesis of active pesticide compounds. 

Relatively simple operational changes and implementation of routine procedures 
into the manufacturing process can achieve significant reductions in waste arisings with 
benefits of recovered valuable raw material and ultimately overall reductions in disposal 
costs. 

5.1 Management lmplicatiom 

Site management should have a clearly defined policy for waste minimisation with 
established objectives against which performance may be measured. Staff training and 
commitment to the achievement of objectives are essential to the success of the operation. 
Each plant should be accountable for all the processing/recycling or disposal of wastes 
produced. 

Individual batch components (active ingredients, adjuvants and diluents) must be 
quantified to establish theoretical versus actual yields, a mass balance calculated and 
sources of deficiency investigated. Waste recycling should form an integral part of the 
manufacturing process. Disposal costs should be identified with the plant unit which 
produces the waste as an added incentive for minimisation. Recycled/recovered materials 
should be recorded to demonstrate overall benefits. 
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5.l Examples of Waste Recycling/Re-use 

Package Waste 

Clean package materials, arising outside the manufacturing areas and away from 
contamination risk, comprising plastic, paper and cardboard, should be segregated for off­
site recycling. Usually a small financial return is available which off-sets labour costs. 

Contaminated Packages - Containers 

Scope for recovery of these waste types is limited. Contaminated polythene 
containers cannot be cleaned and fully detoxified and must be compacted or shredded for 
disposal (Ref. 4). Small metal containers up to 25 litre capacity should be washed, 
crushed and recycled as scrap metal. Standard 200 litre metal drums, commonly used in 
the industry, following rinsing have two recovery outlets: 

1. Non-toxic (sol¥ent, surfactant) drums, may be disposed of via contractors 
for ~dary use, with the exception of the food industry. 

ii. Toxic containers used for pesticide active ingredients (raw material or 
finished product) must not be re-used outside of the industry. Rinsed, 
detoxified and crushed, the drums are suitable for scrap metal recovery. In 
some situations, raw material drums may ~ returned to the supplier for use 
of the same raw material. 

Process Residues 

Where appropriate all drums should be rinsed to remove residues with the 
common solvent and washings consigned to the batch process. 

Pipelines, vessels should be drained and residues along with concentrated 
washings returned to the process as make-up for subsequent batches. 

Dedicated dust extractors (manually or automatically operated) should be 
used to recycle uncontaminated residues at source. 

Off-specification finished products should be regularly re-processed and 
prolonged storage of these avoided. 

Unwanted raw materials and finished products where possible should be 
disposed of by special arrangement to selected customers at reduced price 
or gratis, thus avoiding high costs of storage and waste disposal. 

5.3 New Technology and Process Changes 

Increasing use is being made of membrane technology (reverse osmosis and ultra­
filtration). Dilute aqueous washings containing valuable active ingredient can be 
effectively concentrated by de-watering and re-used, thus avoiding loss of product to the 
drain and difficult effluents for subsequent treatment. 
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All new and refurbished plants should, at the design stages, critically review all 
areas of potential waste arisings and provision made for these to be reduced. These 
measures include: bulk handling systems (reduction of contaminated containers); in-line 
rinsing and recovery of wash waters; and automated filling of products for cleaner 
handling and minimising spillage risk. 

5.4 Housekeeping 

Good housekeeping practices must be strictly implemented at all plant levels to 
minimize safety and hygiene exposure risk and to avoid the creation of contaminated 
wastes from spillage which cannot be recycled and increases problems of waste disposal. 
Cleaning wastes from equipment and plant areas may be reduced by use of low volume 
high efficiency cleaning systems such as: high pressure hoses or add-on spray nozzles; 
low volume floor scrubbing machine; squeezes to push residues to where they can be 
collected; etc .. 

5.5 Huardous Materials Handling, Management and Disposal 

Most pesticides are potentially hazardous and dangerous and require strict controls 
in handling and use. Detailed handling and safety procedures are essential and must be 
supervised by a manager or responsible person. 

Waste storage and disposal involves an area of extreme environmental sensitivity 
and strict legal controls. Despite measures for recycling, varying quantities of non­
recoverable wastes will inevitably emerge for disposal. 

Waste should be segregated at source into categories i.e., clean, lightly­
contaminated, and toxic, and separately stored to await disposal. Clean and lightly­
contaminated wastes should be compacted or shredded and baled to reduce volume. All 
discarded containers should be punctured or crushed to prevent secondary use. 

All toxic wastes must be securely contained, usually within steel 200 litre open-top 
drums and fully labelled with contents description. Drummed wastes should be stored in 
a secure, bunded area to await disposal. 

Waste OiSJX>sal 

Strict legal controls cover the disposal of waste materials, requiring authorisation 
from the waste disposal authority into licensed disposal facilities. 

Cleqn - fnon-recoyerableJ and Ughdy Contamjn41ed Wastes 

Pro"ided the wastes are over-packed to prevent contact risk to Q?Crators, these 
waste types are normally accepted into licensed landfill sites for co-disposal with refuse. 

Toxic WaslCs 

These wastes, comprising product residues, sub-standard raw materials and 
pr9<fucts, sludges, etc, present difficulties for disposal. 
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Low concentration wastes rontaining organic residues and less than 1 " pesticide 
may be acceptable for disposal, into secure licensed landfill ~isposal sites, depending 
upon license conditions and inherent toxicity of the pesticide. 

Virtually all concentrated pesticide wastes and partirularly those containing org~ 
chlorine compounds, now require destruction by high temperature incineration at 1100-
12000C with at least 2 seconds residence time. Stack gas scrubbing facilities may be 
required. 

While high temperature incineration is available and increasing in developed 
countries, in many areas in developing countries little capacity is available. Currently, 
circumstances leave no alternative but waste storage to await the development of suitable 
disposal outlets. Meanwhile, limited incineration capacity, depending on location may be 
secured for example, through: 

Installation of small package high temperature incinerators (Ref. 5); 
Shared capacity from larger multi-national companies possessing in-house 
facilities (Ref. 5); 
Use of cement kilns (Ref. 5, 6 and 17); and 
National schemes or initiatives for exportation of wastes to developed 
countries for incineration. 

5.6 Treatment Technology 

Pesticide formulation plants produce relatively small volumes of aqueous effluent 
ranging from: 

1 m1 per day for small plants 
5 m1 per day for medium-size plants 
20 - 50 m1 per day for large plants. 

On average, a discharge of 5 m1 per day is likely to be the norm. The effluent is 
highly toxic and polluting to both water courses and groundwater: full containment and 
treatment prior to disposal is essential. Current treatment technologies include: 

evaporation ponds. 
partial chemical treatment followed by evaporation ponds or discharge to 
sewer. 

Chemical/Physical Treatment B.A.T. 

Treatment technology developed over the past ten years is now available to fully 
treat and de-toxify pesticide aqueous effluents. Chemical flocculation pre-treatment is 
used to remove virtually all suspended matter including the bulk of pesticide as a small 
volume of settled sludge which is subsequently disposed of as solid toxic waste. 

Clarified, filtered effluent is passed through beds of activated carbon to adsorb 
soluble organic matter including residual pesticides. Exhausted carbons depending upon 
location and resources are either sent to a contractor for regeneration or, disposed of as 
solid toxic waste. High quality non-toxic effluents virtually free of pesticide (sub ppb 
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levels) are consistently produced (Ref. 7 a.~d 8). Full details of the treatment currently 
representing Best Available Technology (B.A.T.) and examples of treated effluent quality 
are given in Appendix L Small package treatment plants capable of treating between 1 to 
10 mJ per day are now commercially available at moderate cost and have already been 
adopted and installed in a number of developed and developing countries world wide (Ref. 
9). 

Alternative Treatment Technol91ies and Disposal Operations 

Currently chemical treatment (e.g. hydrolysis) I biological treatment I membrane 
filtration I carbon adsorption represents the Best Available Technology for pesticide 
effluent treatment. Emerging technology involving omne and ultra violet/peroxide 
oxidation as a tertiary treatment could produce ultra pure final effluent suitable for re-use 
in manufacture of pesticide formulations. 

Capital and O&M Costs 

Sqfezy. Health and Environmental fSHEJ 

Controls in the pesticide formulation industry are stringent and demanding. 
Control and containment measures cover a wide area ranging over flame-proof electrical 
installations, fully-contained and air extracted/scrubbed production plant, effluent 
treatment and waste processing e.quipment. Estimates to comply with 1992 S.H.E 
standards are in the n:gion of 30% of the capital cost for a new plant (Ref. 13). 

Pollution Contr.:'11 Equipment 

A list of capital and operation and maintenance costs for essential e.quipment for 
environmental protection and control is given in Table 3. 
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Table 3 Capital and O&M Costs for Pollution Control Equipment 

Overall costs for new plant" 

Overall costs for old plan~ 

PKkage effluent plants 
- 1 m' batcb capacity 
- S m' batch capacity 

Air Cleaning 
- Bag-house filters 
- Wet Scrubber units 

Waste Handling Equipment 

Caeital costs 
(US$) 

13.000 
1s.ooo 

10.000 
30,000 

- Waste shredder J0.000 
- Waste compactor IS.000 
- Drum crusher 14.000 

Operation and Maintenance costs 
(~ of total production costs) 

s - 10 

10-IS 

l S-IO S IW a mi.able m;x of "l•ipment. "" above 

"Wilb in-built pollution control sysWllS. im:ludiog waste reduction recycling facilities. 
"By virtue of increased necessity for addilioaal S.H.E monitoring surveillance. operator protection and in 
particular a bigber proportion of off-site waste disposal. 
cof lbe capital cost for a new plant (Ref. 13) 

6 OCCUPATIONAL llEALTII AND SAFETY ISSlrnS 

Pesticides for most plants are highly toxic and require stringent measures of 
hygiene and safety controls at all stages of the formulation process. Toxic exposure risks 
can arise from physical contact, and airborne contaminants in the form of dust, fume and 
vapour. 

Plant atmo>])heres should be regularly sampled and monitored for compliance with 
appropriate threshold limit valves (fLV) (Ref. IO) or in the absence of these, in-house 
hygiene standards. 

All unit processes, so far is reasonably practical should be enclosed with use of 
fully extracted charging hoppers and filling hoods. Additional protection must be given to 
operators, depending on the nature of the task, in the use of protective clothing. This 
should include, gloves, overalls, boots, helmets, eye shields, dust masks and breathing 
equipment. Eye wash bottles and showers should be strategically placed throughout the 
plant. 

Me.dical facilities and surveillance are an esse."ltial requirement. There should be a 
medical centre or clinic on-site with trained first aid person or nurse in attendance and the 
services of a visiting physician. 

7 GLOBAL OVERVIEW OF DISCHARGE REQUIREMENTS 

A number of well establishe.d guidelines have emerge.d from developed countries 
regulating the discharge quality requirements of pesticides to the receiving aqueous 
environments. 
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Problems do, however, continue to persist in developing countries where discharge 
standards are sparse or non-existent. Attempts to adopt the standards of more developed 
countries are frequently frustrated by a lack of technological resources for both effluent 
treatment and equally imporwtt analytical equipment and methodology tc monitor for 
residual quantities of pesticides contaminants. This problem must be acknowledged when 
considering pesticide projects in developing countries with regard to: 

i) The range of active ingroo1ents to be used 
ii) The possible need for full containment and recycling of plant aqueous 

residues rather than disposal .. .s effluent. 
iii) At the extreme, the compleU! withdrawal of a pesticide from the 

manufacturing range. whicr -:annot be controlled to specific discharge 
standards. 

This particularly applies to pesticide compounds listed in the so-cllled E.C. Black 
list and U.K. red lists. (Ref. 11 & 12). The ultimate objective of the.s-:> lists is to 
severely restrict or ban completely a •~ge of pesticides from all discharges to the 
aqueous environment. 

8 TARGETIPREFERREDGUIDELINF.s 

8.1 Pesticide Waste Waters 

Effluents produced from the formulation of pesticide products are toxic and 
polluting and must be fully detoxified by treatment before discharge to the aqueous 
environment. Volumes of effluents generated are for the most part low and for a medium 
size plant unlikely to exceed 5 to 10 m3 per day. 

National and international pollution control legislation (Ref. 11 and 12) is 
progressively imposing severe restrictions on all pesticide substances in effluents requiring 
the virtual elimination of these before discharge to the external environment. Currently 
(1992) there are no official discharge standards available for pesticide formulation plants 
(Ref. 16). Discharge limits for formulation sites are noTJ112lly derived in consultation with 
the local controlling water authority. 

In deciding discharge limits due account will be taken of local disposal sources, for 
example water course soakaway or sewer, and also the treatment scope of the Best 
Available Technology (BA1). An example o:~ effluent quality currenlly obtainable by BAT 
and the likely basis for the derivation of specific discharge limits is shown in Table 4. For 
the purpose of monitoring and control, particularly in developing countries, it would be 
convenient and appropriate to adopt discharge standards based upon limiting 
concentrations of specific parameters, including pesticides, per unit volume of treated 
effluent discharged. 
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Table 4 Effluent Quality Obtainable by Chemical Treatment and Physical 
Achorption 

S@ecificatioo/Parameter 

Biological oxygen demand" 

Chemical Oxygen Demand (COD) 

Total Organic Carbon (TOC) 

Total Suspended Solids (TSS) 

pH 

Pesticides" 
- Organo-Chlorines 
- Org~Nitrogen 
- Pyrethroids 
- Pbenoxy Compounds 

Untreated 

(mg/I) 

Up to 5000 

Up to 2000 

Up to 1000 

? 

Up to 1000 
Up to 1000 
Up to 1000 
Up:-, 1000 

Effluent Quality 

~hemical treatment Final - activated 
adsomtion treatment 

(mg/I) (mg/I) 

1500 200 

1000 100 

100 50 

8-l<t 6-8c 

Less than 100 Less than 0.1 
Less than l 00 Less than 0.1 
v.ss than l 00 Less than 0.1 
Less than 100 Less than 0.1 

"Biological Oxygen Demand (BC'D) is not a reliable parameter as some effluent components may be non­
biodegradable. 
"Process is allcaline at this stage. 
<pH adjusted in final effluent before discharge 
'Broad examples; there are in excess of SOO pesticide compounds in existence. Each group at least will require 
sepa.'llle treabnellt evaluation to assess pesticide removal efficiency 

9 MONITORING PARAMETERS 

9.1 Atmosphere 

Normally in-house air cleaning scrubbing and absorption techniques ensure that 
only minimal levels of pesticides are likely to escape to atmosphere. Random air 
sampling in the proximity of discharge vents on the boundary of the site may be necessary 
:o est.ablish the efficiency of air-cleaning equipment used. 

9.2 Effluents/Water 

Effluent/water discharges from pesticide plants are legally controlled by "consents" 
or permits issued by the appropriate controlling water authority. These impose a range of 
quality parameters on the discharge, usually including a limiting volume or concentration 
depending on the place of disposal (water course, soakaway or sewage). For pesticide 
formutation plants the control parameters will be stringent and likely to include: 

i) Chemical Oxygen Demand (COD) or 
Total Organic Carbon (TOC) 

ii) Total Suspended Solid (TSS) 
iii) pH 
iv) Pesticide Residues -single component and total 
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APPENDIX I 

Treatment of Aqueous Effluent from the Manufadure of Agrochemical Products 

1. Introduction 

Pesticides in general have a low solubility in water and are usually manufactured 
in the form of weaable powders, suspension concentrates or miscible liquids. 

The breakdown in stability by chemical treatment of mixed effluents causes the 
flocculation and settlement of a high proportion of the pesticide ingredient in the form of 
a dense sludge. Soluble organic substances including pesticide residues are removed by 
adsorption onto activated carbon. This process offers a convenient method of detoxifying 
aqueous plant effluents arising from the formulation of pesticides. 

2. Treatmr..nt Process 

It is necessary to collect plant effluents in a common sump. This offers storage 
capacity, and means of buffering the changes in composition of effluent which can 
frequently occur. 

The flocculation process is normally conducted on a batch treatment system using a 
conical-based cylindrical veo.sel. This allows the settlement of sludge residues in the 
cone, and a means of decanting the upper supernatant clarified effluent. 

Optimum conditions for flocculation/clarification of effluent are pH 10-12. The 
addition of iron salts and lime (calcium hydroxide) to aqueous pesticide effluent normally 
induces rapid flocculation of all suspended solids. 

The inclusion of a smal! amount of polyelectrolyte will serve to accelerate the 
coagulation of flocculants and subsequent settlement. 

The addition of an adsorbent clay and possibly powdered activated carbon can be 
beneficial in the removal of trace residual pesticide if this is deemed to be necessary. 

IdeaJly a vessel 5 - 10 m' capacity with mechanical agitation is suitable for 
collection and treatment. 

To maintain a consistent standard of high quality finish effluent, a second stage of 
activated carbon adsorption should be considered. This should comprise of at least 2 x 1 
tonne beds of activated carbon operating in series flow. 

High activated carbon granules (14/44 mesh), surface area less than 1000 m2/g 
should be used. 

Coal- or wood-based carbon granules will give the best adsorption performance. 
Coconut shell carbons, by virtue of their relatively small pore sius, are generally 
unsuitable for pesticide effluent tmttment. 
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Aow rares of clarified sand-filtered effluent should be regulated through the beds 
to allow a minimum of one hour contact residence time. 

Final effluents are normally clear, virtually colourless and non-toxic. 

Disposal with conse. it of controlling authority can be directed to a sewer, 
soakaway, or in hot climates possibly to an evaporation pond. Direct discharge of 
effluent to a water course is not recommended. 

Sludges from the process can be dried in shallow drying beds and subsequently 
disposed of to a designated waste disposal site. 

TREATMENT PERFORMANCE 

The performance of the above described treatment process is summarized in the 
table below. 

Product Effluent Residue io Reduclioo Limit of Source 
Initial Treated s Detection 
Loading water 

"gll (ppb) Hll (ppb) 

atrazioe S,100,000 4.0 >99.9 0.4 USA 
atrazioe 240,000 N.D >99.9 0.06 Netherlands 
alachlor 195,000 <4.8 >99.9 0.4 USA 
beotazoa 480,000 N.D >99.9 0.07S Nelherlands 
permedlrio '131,500 N.D >99.9 0.4 USA 
cypermethrio S0,000 N.D >99.9 0.02-0.04 UK 
pirimicarb 225,000 N.D >99.9 0.02-0.04 UK 
carbaryl 225,000 N.D >99.9 0.02-0.04 UK 
dicamba JS,000 N.D >99.9 0.02-0.04 UK 
2,4-D 200,000 N.D >99.9 0.02-0.04 UK 
paraquat 200,000 N.D >99.9 0.02-0.04 UK 

N.D= not detectable 




