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SUMMARY

The overall objective of the study is to assess the sensitivity of
river basins to all influences such as diffuse and discrete sources of
pollutants and land use change. Needless to say this 1s an extremely wide
brief and the first year of the research 1s designed to assess the
feasibility of developing catchment hydrochemical models which can be used

for such tmpact analysis,

Fortunately IH has already considerable experience developing
hydrochemical models and we have recently undertaken research for water
authorities, EEC and the Royal Soclety. River basin models have been
developed to investigate pollutants such as nitrates, organic matter, heavy
metals, and most recently the effects of acld deposition on catchment water
quality. These models will be used to investigate the sensitivity of
catchments and will be used as the bhasis of our feasibility study on the

problems of modelling agrochemicals,

Agrochemicals are being used widely to control pests and weeds and
improve crop ylelds. Relatively little is known about their movement into
river systems and they represent a particularly important aspect of the
project. This first report focuses on pesticide use and chemistry and
reports the views of water authorities on the pesticide problem. A brief

review of pesticide models is also presented.
CONCLUSIONS

Pesticide usage continues to increase in the U.K, so that concern with
the possible effects on river catchments, especially on water quality will
also continue. While the move away from the more persistent organochlorine
pesticlides is to be welcomed, the increasingly large quantities of OP's,
pyrethroids and carbamates being applied need careful investigation with
regard to their possible residue levels to be found in British rivers.
Herbicides probably represent the area of most concern since their total
applications dominate pesticide usage in the U.K., aerially and

quantitatively.

Many factors influence the behaviour and fate of pesticides after
contact with soil, including such factors as adsorption, leaching,

volatilisation, erosion, microbial degradation, chemical degradation and
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hydrolysis,. All of the above are in part dependent on soil characteristics
as well as the chemical characteristics of the pesticide. Moreover, soll
erosion 1n agricultural areas ls a major process contributing pesticides to
the aquatic environment. Other sources, however, include industrial and
sewage effluent and accidental spillages, All of these factors and sources
need to be taken into consideration in any general study of pesticides in

catchments, and in any modelling exercise.

More specifically with regard to pesticides in rivers, the present
E.E.C. drinking water standards appear hopelessly misguided and open to
disregard since a global standard of 0.5 ug/l for the total pesticides

present takes no account of the toxic nature of individual compounds.

Recent studies both in Australia and North America, meanwhile, seem to
indicate that the actual losses of pesticide rarely exceed 5% of the total,
applied, and as such are not alarming. However, what 1s of concern is the
nature of the individual pesticide concentrations reaching rivers and thelr
possible toxic effects on aquatic fauna. Clearly, storms following recent
applications of pesticlides represent the maln period of concern since the

changeover to less persistent pesticides.

The present water authority perspective on the possible pollution
problems represented by pesticides varies. Thames W.A. experience
“apparent” problems with the herbicides atrazine and simazine in relationto
the levels present in supply waters. Yorkshire W.A., however, experlence
more urgent problems based on the industrial discharges of lindane in
particular, from textiles maanufacturers, while Anglian W.A. have some
evidence of elevated atrazine levels, probably due to indiscriminate urban

usage.

Finally, with regard to the possibility of modelling pesticlide
movement within catchments, work in the U.S, suggests its feasilbility,
Certainly, the ARM and CREAM models offer good examples, although they both
have obvious limitations. All such models require hydrology, erosion and
chemical components, {f they are to successfully model pesticide losses.
Data inputs to them also require in many instances, detailed field
observations and careful calibration and validation. Such procedures would
thus aiso be necessary for any model derived by the authors for the British
context. It is hoped that the feasibility of designing such a model can be

fully assessed by the end of the present contract.
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1.1 Introduction

The use of toxic chemicals as the principal weapon against pest and
disease attack, and against weeds is commonly regarded as one of the most
worryling developments Iin modern agriculture (DOE, 1979), The quantities of
chemicals used continues to rise, as will be seen later, hence this concern
continues, In the context of this report, the word "pesticides” is used in
the generic sense and includes insecticides, fungicides, herbicides, and
other categories of compounds used to kill pest. The development of modern
pesticides, while undeniably a triumph in science and technology has not
been without its problems {(McEwen and Stephenson, 1979)., Problems such as
resistance, persistence and damage to non-target organisms, for example.
These and others will be investigated in this report in relation to thelr

effects upon river water quality.

Today more than 1000 pesticlide chemicals are in common use around the
world, of which more than 250 are commonly used in agriculture (Ware,
1983). Only a few ¢f these persist for more than a few weeks or at most
months in soll or water, and of those that do most are the organochlorine
insecticides, which {nclude aldrin, dieldrin, chlordane, dicofol,

endosulfan, endrin, lindane, DDT, heptachlor and toxaphene (Edwards, 1973).

During the 1950's and 1960's reports of large residues of these
organochlorine pesticides in soils, and small amounts in water and in
stream sediments, began to appear in the literature (Edwards, 1973). These
discoveries began to cause concern about theilr long-term ecologlcal effects
and has since resulted {in a move away from the use of these more persistent
pesticides, towards an increasing use of less pefsistent'organophosphorous
and more recently, pyrethroid pesticides; a trend witnessed throughout the
developed world at least (DOE, 1979; Ware, 1983; Garman and Sutherland,
19833},

Lastly, although pesticides are chiefly used in agriculture, they are
also found elsewhere in homes and gardens, in industry, and in public
health. These non—agricultural uses have heen investigated by the
Department of the Environment (DOE, 1974). For example, it appears that
some pesticides (e,g. dieldrin) are now used In moth-proofing and wood

preservation much more than they are in agriculture.




1.2 Pesticide usage in the United Kingdom

Up to 1945, chemical control of pests in England and Wales was mostly
by a very limited number of chemicals (Perring and Mellanby, 1977}, At
that time, few pesticldes were pest specific and their selectivity was
usually a matter of timing, while their use was mainly confined to high

value crops such as fruit, hops, market garden and glasshouse crops.

During the second World War, the organochlorine insecticides, DDT and
HCH and the translocated herbicides, 2,4 -~ D and MCPA were developed and in
the late 1940's these became availahle for use in British agriculture. By
1950, 15 pesticides (apart from herbicides) were approved by the Ministry
of Agriculture and Fisheries (MAFF), as seen in Table 1 (DOE, 1979). By
1955 the list included 27 pesticides (including herbicides). And in 1960
it included 47, while in 1965 it listed 98, Chemicals Introduced In the
1960's included: aldrin, dieldrin, endosulfan, endrin and other
organochlorine insecticides, as well as many new contact herbicides such as
dinoseb, paraquat and diquat (Perring and Mellanhy, 1977). The 1970
Approvals List included 163 chemicals and by 1975, 200 were listed,

newcomers lncluding: aldicarb and systemic fungicides such as carhoxin.

DOE (1979), summarised the growth of approved products as
formulations, for the period 1944 to 1976 (Table 2), Also, the Pesticides
Survey Group of MAFF has been surveying usage of pesticides on crops in
England and Wales since 1965, Sly (1977) providing a review for the period
1965 to 1974, The annual usage in terms of treated area and the area of
crops grown is shown in Table 3. The estimated quantities of active
ingredient used are shown in Table 4., There has been a reduction in the
use of organochlorine insecticides since the first review of these
persistent pesticides, but up until 1977 only endrin was deleted from the
Approvals List. Most of the expansion in availability of insecticides in
the 1970's has thus been of contact or organophosphorous insecticides and

of carbamate insecticides and acaricides,
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TABLE 1

Chemicals in Approvals List of MAFF, 1950 to 1975

Number listed

Chemical

1950 1955 1960 1965 1970 1875
Natural insecticides 1 3 3 2 2 2
Contact organophosphorus insecticides - 3 3 3 10 20
Systemlc organophosphorus {nsecticides - - 3 2 16 15
Organochlorine insecticides 2 2 6 8 9 7
Organochlorine acaricldes - - 4 4 4 3
Carbamate insecticides, acaricides - - ~ | 3 8
Other insecticides, acaricides 4 5 6 4 5 5
Systemic funglcides - - - - 4 11
Fungicides (powdery mildew) - - ~ 3 4 5
Dithiocarbamate fungicides - 1 1 7 10 10
General fungicides 1 1 3 5 8 13
Elemental fungicides * 5 5 5 7 7
Mainly contact herbicides 2 3 8 la 19
Mainly soil herblcides 1 2 10 35 39
Mainly translocated herbicides 2 b l4 16 20
Soll fumigants 1 1 3 R 8
Molluscicides ] 1 1 2 2

3 6 6

Growth regulators

Source: SLY.J.M.A. in Ecological Effects of Pesticides, Academic Press London

1977, p2, (in DOE, 1979).
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TABLE 2

Chemicals in Approvals List of MAFF, 1950 TO 1976

Number of products

Year

1944 63
1948 216
1952 352
1956 446
1960 532
1964 540
1968 783
1972 810
1976 819
Source: SLY.J.M.A, In Ecological tffects of Pesticides,

Academic Press London 1977, p3, (in (DOE,IQ?@).




TABLE 3

Recent data on extent of pesticide treatment of crops

England and Wales

Area of crops

Percentage of

Crop group Year of survey grown crops
(hectares) treated
Cereals 1974 3,245,845 99.5
Potatoes, sugar beet and field beans 1974 434,439 98.4
Fodder, forage and seed crops 1974 1,649,484 44 R
Vegetables 1972 221,433 94
Orchards 1973 50,355 92
Hops 1975 6,414 100
Soft fruit 1975 13,123 99
Glasshouse crops 1972 3,639 97.1
Hardy nursery stock 1971 6,500 87

(Source: Ministry pesticide survey, in DOE (1979)).
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TABLE &

Types of pesticides used in agriculture and horticultuce.
Estimated annual average qmantities of active ingredient 1971-5
England and Wales

"Spray Tonnes of
hectares” (a) active ingredient
Pesticlide group per year
Insecticides’

Drganochlorine compounds 148,105 132
Organophosphorus compounds Ba4 011 419
Other insecticides 117,232 77%
Seed treatments 3,717,621 565
Fungicides 1,R96,538 2,194
Herbiclides 6,020,624 15,712
Other pesticides 49,438 1,960
Total 12,645,212 (b)

(Source: Ministry pesticlde surveys, in DOE (1979))




The biggest changes In fungicides involved the introduction of
systemic.fungicides in the late 1960's. Their greater efficlency having
led to economic control of a variety of plant diseases. Also, the number
of herblicides availahle up to 1976 increased ahout 2 times, partly as a
result of new chemicals with general herbicidal activity and also partly

due to the increased use of chemicals to control grass weeds in cereals.

Thus, the trends in pesticide usage up to 1976 can be roughly
summarised in the form of a graph of sales in the UK (Figure 1). However,
it appears that, in 1976, nearly 50 per cent of sales hy value were
exported. While, of that sold inside the UK, nearly 90 per cent were for
use in agriculture and horticulture (DOE, 1979), But, there was an upward
trend in sales of pesticide reflecting increased usage and not merely
increased costs (DOE, 1979). More recent data on pesticide usage for 1977

are presented in Tables 5, 6 and 7 (DOE, 1979},

What 1s not apparent from these tables {s the declining use of
organochlorine c0mp6unds in agriculture. In addtition, there i{s evidence of
a substanial increase in the use of herhicides on certain crops and a
recent increase of insecticide use on cereals. Indeed, herbicides form the
majority of pesticides applied and are now used on virtually all
agricultural and horticultural crops grown on any scale, crops often
receiving two or more applications., 1t has heen estimated (Fryer, 1977)
that the total area of agricultural land in the UK treated with herhicides

1s {n the range of 4.2 to 5.4 million hectares,

Since 1977, Sly has published two other reviews of pesticide usage
(Sly 1981 and 1985). First, for the period 1975 to 1979 (Sly, 1981) Table
8, gives a comparison of their usage on agricultural and horticultural
crops. There was little overall change in usage of the organochlorines and
the increased usage of organophosphorous insecticides was mostly on cereals
to control aphids, The large increase in the area treated with other
insecticides, acaricides and molluscicides was mostly the increased usage
of pirimicarb to control cereal aphids and increased usage of aldicarb,

methiocarb and the synthetic pyrethroids. There were no substantial

changes in usage of seed treatments apart from the replacement of

persistent aldrin or dieldrin/mercury on cereals and sugar beet with other

formulations.




TABLE 5

Types of pesticides used on cereals, 1974 and 1977
Estimated quantitites of active ingredients, England and Wales

Spray Tonnes of
hectares active ingredients
Pesticide groups 1974 1977 1974 1977
Insecticides
NOrganochlorine compounds 0 1,000 0 1
Organophosphorus compounrds 41,000 294,000 17 107
Other insecticldes 5,000 272,000 1 43
Seed treatments 3,309,000 3,358,000 553 480
Fungicides 616,000 978,000 394 588
Herhicides 4,475,000 4,408,000 8,727 8,026
Other presticides 67,000 188,000 B4 263
Total 8,513,000 9,499,000

{Source: Ministry pesticide surveys)




Types of pesticides used on other arable crops. *1974 and 1977
Estimated quantities of active ingredients, England and Wales

TABLE 6

Spray Tonnes of
hectares active ingredients
Pesticide groups 1974 1977 1974 1977
Insecticides
Organochlorine compounds 30,000 40,000 22 15
Organophosphorus compounds 469,000 274,000 191 99
Other insecticides 19,000 180,000 36 416
Seed treatments 433,000 430,000 2 2
Fungicides 599,000 f16,000 £96 882
Herbicides 648,000 918,000 4,835 6,131
Other presticides 0 0 0 0
Total 2,198,000 2,458,000

{Source: Ministry pesticide surveys)
*potatoes, sugar beet, field heans, rape, mustard.
Source: DOE (1979)




l

TABLE 7
Frequency of pesticide treatment*

Fstimated percentage of planted area of arahle crops receiving
particular total numbers of aonual treatments

England and Wales, 1977

Area planted Yumber of treatments received

(hectares)
0 1-3 4-6 7-more
Cereals 3,209,329 1% 55% 42% 2%
Other arahle crops 476,261 1% 437% 467% 10%

(Source: Ministry of pesticide surveys)
*Including seed treatment




TABLE 8 Estimated annual usage of pesticides in agriculture and
horticulture in England and Wales, 1971-9174 and 1975-1979

(spary hectares and tonnes of active ingradients)

1971-1974
Pesticide Spray
hectares Tonnes

OC insecticides, acaricides 148,000 131
OP insecticides 845,000 430
Other insecticides, acaricides,

molluscicides 93,000 1,286
Seed Treatments 3,718,000 565
Fungicides 1,895,000 2,400
Herbicides, defoliants 6,003,000 15,250
Other pesticides 81,000

*including chemicals for burning-off

Source: Sly (1981)

1975-1979
Spray
hectares Tonnes
146,000 166
975,000 534
597,000 907
3,753,000 591
2,253,000 2,336
7,868,000 19,925
203,000 1,038




However, there was an overall increase in usage of fungicides mainly due to
a large increase in usage of systemic fungicides. The apparent large
tncrease in usage of herbicides {s mailnly accounted for by the 1. m ha of
grassland which wecre treated in 1979, with no comparahle data avilable for
the period 1971-1975, But there was an increase in the usage of total
herhbicides such as paraquat and glyphosate, mostly for stubble clearing,

and of herbicldes for the control of grass weeds In cereals.

Jsage of pesticides on each group of crops (1975-1979) is summarised
in Table 9 (Sly, 1981}, Other arable crops consisted mostly of potatoes,
sugar heet, fleld beans, mustard and rape grown as seed crops. Although
not included in Table 9, the comparative figure for usage in Forestry in

1978 is 0.04 applications. Overall usage varied considerabhly and 1ls shown

below:
Crop Group Mean number of
pesticide applications

Foddet/forage crops {mostly grass) 0.4
Cereals 3.0
Vegetabhles 3.9
Other arahle crops 4.8
Hardy nursery stock h.l
Glasshouse crops 8.1
Soft frult R.7
Orchards 17.1
Hops 23.4

* Forestry .04

* 1978 only

In terms of spray area, the most extensive usapge was of seed treatments and
translocated hechictdes (hoth malnly to cereals). The largest tonnages of
active ingredients were dithiocarbamate funglcides (mostly on potatoes),
herbicides and sulphuric acid used at high rates of active Llngredient per

acre on about one-fifth of main crop potatoes.
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The most extensive areas treated with insectlcides, acaricides and
molluscicides were with demeton-s-methyl and dimethoate to most crops, and
pirimicarb especially upon cereals. About two-thirds of all seed
treatments {ncluded mercury, ahout 80 percent of cereals and all sugar heet
seed heing so treated. Also large quantities of ethirimol and HCH/mercury
were used as seed treatment. The most extensive areas treated with
fungicides were with tridemorph, carbendazim, "Dithane” (either mancozeh or
zineb), and benomyl. Apart from Dithane (used mostly on potatoes) these
fungicides are all systemic., The systemics were mostly applied to cereals,
the dithlo carhamates to potatoes and captan and sulphur to fruit and
hops. In terms of quantity of active ingredients, usage of eight
fungicides exceeded 100 tonnes. These were mancozeh, tridemorph, captan,
zineh, sulphur, maneb, carbendazim/maneb and propineb. Lastly the usage of
herbicides is complicated hecause many of them are formulated as mixtures,
but the most widely used active ingredients were dicamba, dichlorprop and
mecoprop, mostly alone, Similarly, the quantities of active {ngredients
are ohbscured by mixtures but extensive quantities of most of the ahove were

used,

As nearly 400 pesticlides or formulated mixtures of pesticides were
recorded during 1975-1979 it is not feasible to compare the changes In use
of each of them. The most important are shown in Tahle 10 (Sly, 1981). Onf
the insecticides, there were very large increases in usage of aldicarb,
pirimicarb and dimethoate on most crops and a large increase in trtazoehos
usage, mostly on brassicas. The increased usage of methiocarb was mostly
on arable crops. There was also evidence, towards the end of the survey of
a large scale usage of synthetic pyrethroids (especially permethrin and
decamethrin). Cereal seed treatments showed the withdrawal of
aldrin/mercury and dieldrin/mercury and an increase in usage of HCH/mercury

in their stead. On sugar beet, dieldrin/mercury has been replaced by

methiocarb/mercury.

Changes {n usage of funglcides are marked by large increases in
systemic fungicides including the introduction of new chemicals such as
triadimefon. The reduced use of maneb and fentin acetate maneh on potatons
has been matched by increased usage of mancozeb and of captafol. Lastlv,
several herbicides have shown increased usage, notably paraquat (and
glzghosate) for total weed control, benazolin mixtures for broad leaved

weed control in cereals, flamprop-isopryl, isoproturon and difenzoquat for

control of grass weeds and trifluralin on brassicas.
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TABLE 10 The more important usage of pesticides in 1971-1974 and 1975-19879
(spray area '000 ha) (Sly, 1981)

Pesticide Usage 1in

1971-1974 1975-1979

INSECTICIDES, ACARICIDES, NEMATICIDES, MOLILUSCICIDES

DDT 62 59
Triazophos 3 50
Demeton-5-methyl 337 408
Dimethoate 115 224
Aldicarb 3 89
Pirmicarb 29 316
SEED TREATMENTS

Aldrin/mercury 22 0
Dieldrin/mercury 212 0
Chlorfenvinphs/mercury 106 73
Ethirimol 436 477
HCH/captan 42 99
HCH/mercury (single rate) 1,247 780
HCH/mercury (double rate) 144 173
Mercury 1,322 1,472
Methiocarb/mercury 10 203
FUNGICIDES

Benomyl 45 120
Carbendazim 2 213
Triadimefon 0 121
Tridemorph 422 367
Dinocap 131 54
Mancozeb 242 293
Maneb 153 80
Dithian 95 71
Fentin acetate/maneb 133 b4
HERBICIDES

Bromoxynil/ioxynil/dichlorprop 100 179
Paraquat 229 379
Phenmedipham 14 155
Isoproturon 2 157
Tri-allate, di-allate 377 309
Barban 257 177
Benazolin mixtures 9 216
Benzoylprop-ethyl 164 220
2,4-D 210 193
Dicamba/MCPA 242 12
Dicamba/Mecoprop/MCPA 290 517
Dichlorprop 175 155
Dichlorprop/MCPA 162 29
Digenzoquat 7 254
Flamprop-isopropyl 1 108
MCPA 990 930
Mecoprop 710 644
2,4,5-T(alone) 6% 173
2,3,6-TBA/Dicamba/MCPA/mecoprop 200 269
Trifluralin 16 80
OTHER CHEMICALS

Chlormequat 42 188
Maleic hydrazide 0.6 3
Methy!l bromide 0.2 0.6




More recently, a review of pesticide usage for the pertod 1230 to
1983 has heen published (Sly, 1985), A summary of usage on all crops in
the periods 1971-74, 1975-79 and 1980-83 is shown Iin Table 11, The
quantity of the organochlorine insecticides used in 1980-813 fell compared
with 1975-79 although the area treated increased, mainly due to the usage
of HCH on the greatly increased area of oilseed rape. The annual usage of
NOT continued to drop from about 70 tonnes to about 34 tonnes in 1980-~83,
31000 ha being treated compared with 59000 ha in 1975-79, There was little
change in the usage of organophosphates. The nse of carhamates lncreased
dramatically mainly due to methiocarb heing used to control slugs in
cereals, There was a large lncrease in usage of pyrethroids on most crops,
applied at low rate of active ingredients. The drop in quantities of
applied seed treatments since 1979 arcose from the replacement of ethirimol
as a cereal seed treatment with other sytemic fungicides applied at much
lower rates of active ingredients. There was a large overall increase in
usage of funglcides, mostly from the increased usage of folliar-applied
systemic fungiclides to cereals, Most of the {increased usage of herhicides
meanwhile, was on cereals and other arable cronps, although the greater area
of grass included in the surveys {n 1980-83 increased rhe treated area of
grass, Expanded summaries of usage in 1980-83 are shown in Tahle 12

(treated hecrtares) and Table 13 (tonnes of active ingredients).
1.3 The chemistry of some commonly applied pesticides

There are several general classes of pesticlides, as shown in the ahove
tables. The most commonly used heing the organochlorine,
organophosphorous, carbamates and more recently synthetic pyrethroids,
These can perhaps best be summarised by reference to some examples of the
most commonly applied insecticides, fungicides and herhicides availahle in

the U,.XK.

a) Insecticides

({) Organochlorines

The organochlorines are insecticides that contaln carbon, chlorine and
hydrogen, the chlorine being substituted at various points on either a
chain or ring structure of hydrocarbons. As a general rule, it has been
shown that the more chlorine substitution, the hetter the chemical 1is as a

pesticide, and also the more resistant it is to degradation. However,
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these cause severe water quality problems because of their very slow

degradation rates,

ODT i{s undoubtedly the most famous and infamous of the
organochlorines. The U.S.E.P.A. cancelled all uses of DDT 1in 1973 (Ware,
1983) and the DOE has encouraged its demise in recent years due to {ts long
term persistence in solls and its accumulation in food chains. The

chemical structure for DDT is presented helow:

CCly

Cl CH Cl

The chemical is highly persistent due to its chemical stahility. Second,
DDBT's solubility in water is only about & ppb of water, {.e. probably the
most water—insoluhle compound ever synthesized., However, it is guite
soluble in fatty tissue, and, as a consequence of {ts resistance to
metabolism, it 1s readily stored in the facrty tissue of any animal
ingesting DDT alone or DDT dissolved in the food it eats, even when 1t s

part of another animal.
HCH (Hexachlorocyclohexane)

HCH is made by chlorinating henzene, which results In a product made
up of several {somers, that is, molecules containing the same kinds and
numher of atoms hut differing in the i{nternal arrangement of those atoms.
HCH has flve isomers, alpha, heta, gamma, delta and epsilon. But, only the
gamma fsomer has insecticidal properties. Since the gamma {somer i{s the
only active ingredlent, methods were developed to manufacture lindane, a
product containing 99 percent gamma isomer, which Is effective against most

insects, but also quite expensive, making it impractical for crop use.

The structure of HCH is given below:

Ci
Cl Cl

Cl
Cl

Ct




Cyclodienes

Generally, the cyclodienes are persistent and are stable in sol!l and
relatively stahle to the ultraviolet action of sunlight. Consequently,
they have heen used in greatest quantity as soll insecticides (especially
chlordane, heptachlor, aldrin and dieldrin). Because of thelr persistence,
their use on crops was restricted; undesirable residues remaining beyond
the time for harvest (Ware, 1983). Most agricultural uses of these were
cancelled by the EPA hetween 1975 and 1980, and thelr use has since heen
discouraged in the U,X, due to thelr persistence, Also, the cyvlodienes
are highly toxic to fish (Ware, 1983) because when they are introduced into
water the fish continually respire and ingest any toxic compound contained

in their aquatic environment.
(11) Organophosphates

The chemically unstable organophosphate (0OP) insecticides have

virtually replaced the persistent organochlorine compounds, especlally in

home and garden usage. As the name implies, these compounds are

organically complexed phosphorous molecules which generally have the

structure shown below:

\

{organic radical)

R—O\P 8
_ O‘////

R

These compounds are normally easily hydrolized and are therefore somewhat
easily degraded. However, almost all of the compounds in this group have a

very high toxicity in mammals.

Thus the OPs have two distinctive features, First, they are generally
much more toxic to vertehrates than are the 0Cs, and, second, they are
chemically unstable or non persistent. They are divided into three

groups — the aliphatic, phenyl, and heterocyclic derivatives.




Aliphatic NDerivatives

The term aliphatic means "carbon chain” and the linear arrangement of
carhbon atoms differentiate them from ring or cyclic structures. All of

these are simple phosphoric acld derivatives hearing short carhbon chains.

Contained among the aliphatic derivatives are several plant systemics

including the commonly used dimethoate shown helow:

NIMETHOATE (Cygon)
ﬁ ﬁ

(CH30)2 P - S = CHyC NH CH3

Systemic lunsecticldes are those that are taken into the roots of plants and
translocated to the ahove ground parts, where they are toxlc to any sucking

insects feeding on the plant juices.
Phenyl NDerivatives

When the henzene ring is attached to other groups it is referred to as
phenyl. The phenyl OPs contain a henzene ring with one of the ring
hydrogens displaced by attachment to the phosphorous molety and others
frequently displaced hy Cl, NO9, CH3, CN or S. The phenyl OPs are
generally more stable than the aliphatic OPs; consequently their residues

are longer lasting.
Heterocyclic Derivatives

The term heterocyclic means that the ring structures are composed of
different or unlike atoms, 1In a heterocyclic compound, for example, one or
more of the carbon atoms {s displaced by oxygen, nitrogen or sulphur, and
the ring may have three, five or six atoms. Generally they have
longer-lasting residues than many of the aliphatic or phenyl derivatives.
Also, because of the complexity of their molecular structures, thelir
breakdown products {metahbolites) are frequently many, making their residues

sometimes difficult to measure in the laboratory.




l

(i11) Carhamates
Carbamates are derivatives of carhonic acid 0

HO - € - NHy and are
broad-spectrum in effectiveness., Several of the carhamates are plant
systemics, indicating that they have a high water solubility, which allows
them to he taken into the roots or leaves. They are also not readily
netabolized by the plants., For example, aldicarh, (shown below has

distinct systemic characteristics.

ALDICARR (Temik )
CHsy 0

CHy ~ S - CCH=N-0-C -, NH - CHy
(H3

Aldicarbh 1s also used as a soil insecticide and under rare circumstances
has heen detected in shallow groundwater following certain uses (Ware,

1983).

Methiocarb 1is another commonly used carbamate (shown helow} and {s
effective against foliage- and fruit- eating Insects, as well as against
molluscs. 1t is also registered as a bhird repellant for cherries and as a
seed dressing.

CH METHIOCARB

I
CHy—5S /N o C—NH CHy

CH3
(iv) Synthetic Pyrethroids

These are very stable in sunlight and are generallv effective against
most agricultural pests when used at a low rate of 0.11 to 0.23 kg/ha.
Examples are permethrin and decamethin. Permethrin (shown helow) appeared
in 1973:

PERMETHRIN

(CHy), 0 <
~—0—CH, /  \




One of the first agricultural pyrethroids because of 1ts exceptional
insectidal activity (D.11 kg AI/ha) and its photostahility, lasting four to

seven days on crop follage as effective residues.

A more recent generatlion of pyrethoids, includes decamethrin, with
rates of application reduced to one-tenth of the ahove (i.,e, 0,01 to 0.06
kg Al/ha), This {s falrly phenomenal compared to the rate of 1,1 to 2.3 kg
Al/ha required of the OP, carbamate and OC insecticides. Decamethrin, is

shown helow:

DECAMETHRIN (Decls )

/—\ (1:5 ‘O (CH3)2
N\ ! |
T ( \> CH—0—( e

[Br)2(1=CH

All of these insecticides are photostahle, providing long residual

effectiveness in the fileld at low applications.

n) Organic Herhicides

(i) Phenoxyallphatic Acids

An organic herbicide introduced in 1944, later to he known as 2,4-D,
was the first of these herhicides. These are highly selective for hroad
leaf weeds and are translocated throughout the plant. Several compounds
belong to this group, of which 2,4-D, MCPA and the notorious 2,4,5-T are

the most familiar.,

All three of the above have heen used for years Iin very large volume

worldwide with no adverse effects on human or animal health, 2,4-D (shown

below) Cl O

|
\_ / QCH, C OH

continues to he extremely useful. 1In agriculture it is used on cereal and

grain crops for the control of broad-leaf weeds and on paths and in
0]
|
Ct 0-——CH, —COH

forestry, as 1s MCPA (below):




.............O....................\

(ii) Nitroanilines

These are probably the most heavily used group of herhicides in
agriculture. They are used almost exclusively as soil-incorporated
pre—emergence selective herbicide in many field crops. A commonly used

exanple in the U.K, is Trifluralin (shown bhelow):

TRIFLURALIN (Treflan )

NO»

CF
3 N(C3H75

N()z

This has a very low water solubllity which minimizes leaching and movement

from the target.
(111) Heterocyclic Nitrogens

The triazines, which are slx-member rings contalning three nitrogens,

and azine (a nitrogen containing ring) make up this group.

Probably the most familiar group of heterocyclic nitrogens, hecause of
their heavy use are the rriazines, which are strong inhihitors of
photosynthesis. Thetr selectivity depends on the ahility of tolerant
plants to degrade or metabolize the parent compound (the susceptible plants
do not). Triazines are applied to the soil primarily for their post-

emergence activity, Two common ones are illustrated helow:
ATRAZINE )

N/I\N CH
| H/ 3
an*JQ§ﬁq//d""- N Pl(:~s\\\\
G2 CH3
SIMAZINE (Aquazine )

C,l
N/\N

C oHgHN ‘—KN/H‘* NHC,Hg

They are used in greatest quantity in corn production and nonselectively on

{ndustrial sites.




(iv) Aryaliphatic Acids

These are aryls, or six-member rings attached to aliphatic acids. For
example, dicamba (below) is applled to the soll against germinating seeds

and seedlings.

DICAMBA
COCH
Ct

Cl

(v) Bipyridyliums

There are two important herhicides in this group, diquat and
paraquat. Both are contact herbicides that damage plant tissues quickly.
Rapid wilting and dessication occur within hours. Neither {s active in
soils and {n the U.S. they are only avafilahle to professional weed control
speclalists (Ware, 1983), Paraquat is more commonly used {n the U.,K, (Sly,
19R5) and {s shown helow:

PARAQUAT

2+

3N+\ p ,/\ /N*CHB 2Ct

Because all the leaves drop off, paraquat {s considered a defoliant and is

CH

often used on cotton, potatoes and soy bheans.

(vi) Miscellaneous Herhicides

One such common herhicide used {n the U.K. is Glyphosate, discovered
in 1971. It is a nonselective, non residual, post—-emergence material, It
is recognised for its effectiveness against perennial, deep-rooted grass
and broad-leaf weeds, as well as woody brush problems in crop and non crop
areas. It is a translocated, foliar applied herhicide that can he applied
at any stage of plant growth or at any time of year, with most types of

application equipment. TIts chemical composition {s shown helow:




~

GLYPHOSATE (Roundup )

ﬁ ﬂ
OH - C - CHy - NH - CHp -~ P - OH

|

OH

¢) Organic Fungicides and Bactericides

The newer organlc fungicldes possess several outstanding qualities.
They are extremely efficient - that 1is, smaller quantities are required
than those used in the past; they usually last longer; and they are safer
for crops, animals, and the environment. Most of the newer ones also have
very low phytotoxicity and most are readily degraded by soll

microorganisms, thus preventing their accumilation in soils.

(i) Dithiccarhamates

Among these manebh and zineb shown helow, were developed in the early

1940's.

MANEB ZINEB
i i3
HyC—NH—C —S HoC—N— ¢ —5
My Zn

Hzc—NH——C—S/ /

] HC —N—C—5
S H

Such fungicides prohably have greater popularity and use than all other
fungtcides combined, Except for systemic action, they are employed

collectively in every use known for fungicides.,
(11) Dicarhoximides

These are foliant protectant funglcldes. Captan anpeared in 1949 an
i{s undoubtedly the most heavily used fungicide around the home of all
classes and captafol appeared in 1961. They are hoth used primarily as
foliage dusts and sprays on fruits, vegetahles and ornamentals and are

shown below:




CAPTAN CAPTAFOL (Difolaton )

0 0

i u
| __>N—S—CCI3 > N—S—CCL-CHCI

| l

0

These are some of the safest of all pesticides avalliahle and are

recommended For lawn and garden use, as seed treatments, and as protectants

for mildews etc.
(t1i} Systemic fungicides

Only in recent years have successful systemic fungicides heen
marketed, Most have eradicant properties that stop the progress of
existing infections. A few can he applied as snil treatments and are

slowly absorbed through the roots to give prolonged disease control.

Systemics also reduce the risk of contaminating the environment by
fraequent hroad fungicidal treatments, Undoubtedly these will gradually
replace the protectants that compose the bulk of the fungicides used at

present.
{(iv) Benzimidazoles

These are commonly rcepresented in the UK by henomyl which was
introduced in 1968 and i{s used against a bhronad spectrum of Adiseases,
Benomyl (shown helow) has the widest spectrum of fungitoxle activity of all
the newer systemics.

RENOMYL

g——NH__CLHg
N>

NH
N/

Also, carbendazim, introduced {n 1973 has proved useful in controlling

0
C—-O—CH3

Dutch elm disease, when injected into tree trunks.




I

CARBENDAZIM (Lignason )
0
N |
E::[:.E>F—%}*NH—%——OCH3
N

These systemic fungicides appeared in the late 1960s and include

Pyrimidines

ethiri{mol {(shown below)}:

ETHIRIMOL (M{lcurh Super)

CsHg
CH OH
T ]
qukﬁ/,’hl
NHC5Hg
It {s very active against specific types of powdery mildews, especlally for
cereals.
Traizoles

Lastly, Triadimefon {s the sole systemic fungicide of the triazole
group, It carries both protective and curative actions, and is effective
against mildews and rusts on vegetables, cereals, deciduous fruit, grapes

and ornamentals,

TRIADIMEFON (Rayleton )

0

i
Cl O—CH—C—"C(CH3)3

N
]

1.4 Pesticide applications techniques

Pesticides are normally marketed as formulated products, ready for use
directly or after dilution with water, or some other solvent. The majority
of formulations are designed for use as sprays, other types include haits,

dusts and granules.

The aim in application ts clearly to use a pesticide as economically
as possible to achieve the desired result, with minimum harm to the

nelghbouring environment. However, if a crop is sprayed from the air in




high winds, for example, {t will drift and may adversely affect people or
livestock, and may destroy plants or hedgerows. Fven ground spraying can

be so hadly done as to cause damage. Varlous application methods are thus

commonly employed in the U.K.

a) Aerial Spraying

There has been an appreciahle increase in aerial sprayling in recent
years (Sly, 1981), as shown helow:

Aerial applications (,000 hectares)

Alrcraft 1976 1977 1978 1979
Fixed Wing 413 405 339 393
Helicopter 137 177 247 259
Total 550 581 585 653

The ahove data also includes aerial applicatlons of fectilisers and
seed. However, despite this, an indication of the increase is still
apparent. The most extensive usage was on cereals, potatoes, peas, beans
and oflseed rape. Demeton-S—methyl, triazophos, dimethoate and pirimicarb
were the most used insecticides while maneh, fentin acetate/maneb,
triadimephon, carbendazim/maneb and tridemorph were the most used
fungicides. Application of herblcides and other npesticides from the air

accounted fonr only ahout four per cent of all applications (Slv, 1981).

It must he rememhered that use of the more toxic nor persistent

chemicals is excluded and any specfal risks (such as that to hees) is

carefully assessed,

Aertal spraying on forests is rarely practised Lin the UK, hut during
1978 the Forestry Commission carried out a large scale operation on forests
of lodgepole pine in the North of Scotland, spraying over 5000 hectares

with the OP insecticide fenitrothion.

(b} Ultra Low Volume (ULV) and Controlled Droplet Application {CDA)

These techniques are largely assoclated with herbicides which account

for nearly 75 per cent of the active ingredient used in agriculture in the




UK. With these methods, pesticides which are normally applied on farms in

Fairly diluted form by pumping them through nozzles to form a spray
consisting of a mixture of large, medium and small droplets, at typical
applications of 250 litres or more of spray mixture per hectare, with so
called “low volume™ applications ranging upwards of 100 litres/hectare,
would be replaced by ULV methods, typlcally spreading about 25

litres/hectare in a more concentrated form. The associated CDA technique

enahles this more concentrated form to he projected from a spinning disc 1in
droplets of a more uniform size. Thus, ULV/CDA techniques, 1f perfected,
could lead to a reduction of up to 25 per cent in the total quantity of
active ingredient used (DOE, 1979). However, extra precautions are

necessary to avoid spray drift of these mnre concentrated sprays.

l.5 The Risks of Pesticide Use

Two properties of pesticides are particularly relevant to a
conslderation of their i{mpact on the environment these are thelr

selectivity and persistence.

(a) Selectiviry

Many modern pesticides are selective Lo a greater nr lesser extent;
that {s, they are more toxic to some groups of organisms than to others.
The selectivity may he increased by the choice of formulation or hy the
method and timing of application. However, {n recent years due to the high
cost of pesticide development, manufacturers have tended to look for

chemicals which control a range of pests and diseases.
(b) Persistence

The rate of breakdown of an organic pesticide is dependent on {its
chemical structure and a wide variety of processes, which are affected by
such factors as the soll tvpe and acidity, temperature and moisture
conditions. There Iis a wide range in the times of degradation, as shown in

Table 14 below.




Table 14: Relative Persistence of some Major Pesticides Classes
CHEMICAL lISE PERSISTENCE
CLASS
0Cs Insecticides 2-5 years
Ureas Herbicides 4-10 months
Triazines Herhicides 3-19 months
Phenoxy Herblicides 1-15 months
Carhamate Herbicides, fumigates, 2-8 weeks

insecticides
Aliphatic acids Herbicides 3-10 weeks

(Ps Insecticlides 7-84 days

Most of the 0OC insecticides are highly persisent, fe. they exhihit a
very low rate of degradation. The OPs ifn contrast, persist only for a few
days or weeks. 1t may also be noted however, that with the change to less
persistent materfals, the act{ve ingredients nf insecticides have tended to
be more acutely toxic to man and other vetehrates. Although clearly while
any such risks are highly localised in their extent, a reductlion in spray

drifting hecomes increasingly important.

Moreover, It is lnsufficlent to consider only the risks to the
environment of the chemicals as anplied, since some of the metabolic
products they give rise to may he more damaging and even more stahle than
the original compounds, thus causing greater residue prohlems. For an
example, the reader {s referred to the work of Pleiva and Gentile (1976) on

the herbicide atrazine.

In addition, there remalns particular concern ahout the possihle long
term effects of the persistent 0OC compounds such as DDT, aldrin and
dieldrin. Because of theilr early widespread use and thelr .great
persistence they have become widely dispersed in the environment and they
consritute still the most prevaleat and predominant of all pesticide

residues in man, entering via the food chain,




1.6 Pesticide Residues in Soil and Water

It is clear that the distribution and fate of pesticides are
determined by a host of variables that includes the nature of the pesticide
and the many factors that determine the environment in which it is found

{McFwen and Stephenson, 1979)., Figure 2 depicts some of these factors.

(a) Pesticides in Soil

(i) Sources

Intentional Application

Direct application to the soil surface, lncorporation in the top few
inches, or application to crops are the routes hy which most high

concentrations of pesticides reach soll.

Unintentional Application

Large amounts also reach the sotl through dcift during application and
through atmospheric fallout. For example, as much as 50% or more may be
lost to the target area durtng aerlal spraying due tn varlations in wind
speed, droplet size and air temperatures. Also, with regard to atmospheric
fallout, studies in the 1960's have demonstrated the presence of pesticides

in rainwater and/or snow (Table 15},

Table 15 : Pesticides in Rainwater — some highest levels reported

PESTICIDE AREA LEVFL STUDY
(ng/2)

DDT England " Wheatley and Hardman
(1965)

DDT Fngland 470 Abbott et al (1965)

DDT England 46 Tarrant and Tatton
(196R)

Dieldrin England 40 Tarrant and Tatton
(1968)

Dieldrin England 95 Abbot et al (1965)

RHC England 175 Ahbott et al (1965)

BHC England 260 Tarrant and Tatton
(1968)

Source: Adapted from McEwen and Stephenson (1979)
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Seasonal use patterns generally suggest an explanation for some of the
variations observed in the abhove studies, but not all. However, it Is
doubtful that the levels present in ralnwater are sufficiently high to

constitute a major source of soll contamination (Edwards, 1973).

(1i1) Fate of Pesticides in Soil

Many factors influence the hehaviour and fate of pesticides after
contact with soll (Figure 3). These inelude (1} adsorption to clay and
organic matter, (2) leaching with the downward percolation of water, (3)
volatilisation to the atmosphere, (4) uptake hy soll organisms or plants,
movement with runoff water or eroded snil, (6) microblal degration, (7)
chemical degradation, and (8) photolysis of primary importance is the
chemical nature of the pesticide and the soil type. Environmentally the
processes of adsorption and desorption are crucial since they {nfluence

most of the other processes determining the eventual fate of a pesticide,.

Adsorption

Pesticides have varying tendencles to he adsorhed or attracted to clay
or organic matter particles or to be dissolved Ln the soil solution, For
the most part the adsorption sites on clay or arganic matter are negatively
charged and constitute the "Cation Exchange Capacity” of a particular
soil. For each pesticide, soil type, and set of soll conditions, a
different equilihrium is estahlished hetween the amount adsorhed and the

amount dissolved fn the soll solution.

Soil Type

0Of special importance are the solls clay and organic matter content,
for these are colloldal and have a high catlon exchange capacity and
surface area. Thus, higher rates of pesticide anplication are required for
effective control {f soils are high in either clay or organic matter, since
in such solls, much of the pesticide is adsorbed and not active, therefore

producing more persistent residues.
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Nature of the Pesticlide

The chemical structure of a pesticlide determines sorption equilibrlum
by 1nfluenc1ﬁg its direct affinity for the clay or organic matter, or by
influnencing its solubility or affinity for the soil solution. Many
{nvestigators have noted a general hut not preclse inverse correlation
between pesticide solubhility and adsorption (McEwen and Stephenson, 1979),
Also, granular formulations are usually the most persistent. Wettable

powder and dust are often less persistent than emilsifiable preparations,
So0i1l Moisture Content

One would expect more nesticide to he adsorhed in dry soils. This is
true in moderately light to very light soils, but not {n heavy solls,
however (McEwen and Stephenson, 1979). Thus, hecause water molecules are
themselves polar they begin to compete with the pesticide molecules for
adsorption sites on the sntl colloids, forcing more of the pesticide ilnto

solution.
Soll pH

The Fate of pesticides in soil varies with pH, primarily bhecause of
the influence of pH on sorption. Sofl pH also affects chemical degradation
and thus pesticide adsorption i{s usually highest in more acld solls.
However, within normal pH ranges, slight increases {n acldity may convert
pesticides from negatively charged anlons to uncharged mnlecules or even to
positively charged cations, and thus dramatically Increase thelr sorption,
But, when solls are extremly acld, moest of the rcatinn exchange sites are
nccupled by hydrogen cations, and pesticide adsorntion s consequently low
due to the lack of negative sites. Adsorption is also very low at

extremely high pHs,
Soll Temperature

Pesticide adsorption in soil {s an exothermic process. When hydrogen
or ionic bonds are formed, heat is given off. Thus, when the soil
temperature increases, the 1nput of heat can break some of these bonds and

cause desorption of some pesticide molecules.




Leaching

Solubility 1s an important aspect related to pesticlide persistence in
soil. Within limits, pesticides highly or moderately soluble Iin water are

leached from soils more quickly than those that are less soluhle,

Movement with Runoff water

As water moves laterally over a sloping soll surface, pesticldes can
be described and moved with runoff. Lateral movement is likely to he

greatest under conditions of leagt adsorption.

Movement with Eroded Soil

No soill applied pesticide is {mmune to transport if it is adsorbed
onto soil particles. The longer it remains adsorhed at or near the soil

surface without degration, the more likely it is to he eroded,

Volatilization

Several factors influence pesticide volatilization. The structure of
the chemical is iwportant since it determines its vapour pressure, Cool,
dry conditions in solls with high organic matter or clay content, normally
result in very little loss of even the most volatile chemlicals, since they
are adsorhed tightly. Conversely, warm, moist conditions give greater

desorption and greater volatillzation losses,

Microbial Degradation

The primary microorganisms in soill are algae, fungi, actinomycetes,
and bacteria. Most of these are dependent on organic compounds for energy
and growth, When an organic pesticlide Is added to soil and reaches an
equilibrium between the soil colloids and the soil solution, any molecules

in the soi{l solution are immediately attacked as potential energy sources.

Thus, any factors that encourage the growth of degrading

microorganisms or that increase the avallability of the pesticide in the

L L L L caseccce0000006000000000doccc0occo0




soill solution will enhance the disappearance of the chemical., Thus,
conditions such as warm temperatures, adequate soil moilsture and aeration,
unextreme pH, and adequate fertility, encourage microocganisms and increase

desorption and the avallabhility of pesticides.
Chemical degradation

Chemical reactions in soil can destroy the activity of some pesticides
and activate others., Whereas adsorption normally decreases microblal
degradation rates, it may enhance the chemical degradation of some
compounds. 1In chemical Aegradation pH {s {mportant, but its exact
influence varles for different pesticlides. For example, the herbicide
atrazine degrades faster at a low pH (Armstrong and Chesters, 196R8),

whereas malathion breaks down quicker at a high pH.
Photodegradation

Few organic pesticides are completely resistant to photolysis, hut it
1s probably not a major means of pesticide finactiviation or disappearance

in soil,
{(11{1) Conclusion

It 1s clear that there are many different processes that influence the
movement, persistence and activity of pesticides in the sofl, 1t {s also
clear that there are countless ways in which these processes can interact,

as seen In Figure 4,

However, with few exceptions, the only pesticide resfdues reported in
soll surveys have been either persistent Inorganic chemicals such as
argsenic, that were used as insecticides nrior to 1945, or persistent 0O.C,
insecticides (Edwards, 1973). Residues of very few OP insecticides have
heen reported from areas of intensive use, Unfortunately, little

information exists for UK soils (Edwards, 1973).

In almost all the UK sofls surveyed the commonest chemical has heen
DDT, with the next most common being dieldrin. Few others have heen found

in UK soils as seen in Tables 16 and 17.




Adsorbed pesticides
are more likely cto:

1 Move with eroded
solil,

2 Be taken up by
earthworms if
lipophitic.

3 Be degraded
chemically.

Factors resulting in

greater desorption

! Higher solil temperature.

2 Higher pesticide solubility
within related groups.

3 Higher soil moisture content
in light soils.

4 Greater percent sand.

5 Higher soil pH.

p P
P P P P P
P p I b p
P p Eﬂuilibrium P'p P
p P p P
p p P P P
p P
Adsorbed Dissolved
Pesticlde Pesticide

Factors resulting in
greater adsorption:

! Higher clay content.

2 Higher organic matter content,

3 Greater polarity of the
pesticide molecule.

4 Cationic nature of the
pesticide molecule.

Desorbed pesticides
are more likely to:

1

(W]

Volacilize from
the soil,

Move downwards by
leaching.

Move laterally
with run-off
water.

Be degraded by
microorganisms.
Be taken up by
higher plants.

Figure 4 Interrelationship of processes influencing the

fate of pesticides in soil.




Table 16

Regidues of DDT and related compounds in soil

Location

Orchards & Vineyards

G.B.

Agricultural

G.B.

G.B.

Source: Edwards (1973)

Reference No.

Fdwards, 1969

Wheatley et al, 19A2

Davis, 1968

Crop

Fruit

Potatoes

M1 xed

Table 17 Residues of other orgamochlorine insecticides in zoil
Location Re ference No. Crop
Horticultural

G.B. Edwards, 1969 Carrots
Agricultural

G.B. Wheatley et al, 1962 Potatoes
G.B. Davis, 1968 Mixed
G.B. Edwards, 1969 Cereal

Source: Fdwards (1973)

Residues
in ppm
Max Mean
131.1 41.8
0.96 0.2

N80 0.3
Residues
in ppm
Max Mean

1.47 0,68 (Dieldrin)

0.12 0,12 {(Aldrin}

0.7 N.15 (Aldrin)

0.7 0.15 (Dieldrin)

0.5 N.A. (Y=-BHC)




{(b) Pesticides in water

The widespread use of pesticides makes {t inevitahle that a portion of
these will contamlnate surface waters (McEwen and Stephenson, 1979),
Hence, water, and the mud at the hottom of rivers are major reservoirs for

persistent reslidues.

(1) Sources

Waters are contaminated in the same way as solls through pesticlde
drift during apnplication and as atmospheric fallout of rain and dnst,
Additionally, water may be contaminated through soil erosion, industrial
effluent, sewage and onccasionally by spills into, or adjacent to, water

courses,

Atmospheric fallout

It is estahlished that rain water contains pesticides, Some
contamination also occurs hy the settling of atmnspheric dust. No preclise

data, however, exists,

Soil Erosion

Where pesticides are applied to land, those soluble in water may he
carried to nearby waters by surface runoff, and either soluhle or insoluble

pesticides may he carried on soill particles in runoff or eroded by wind.

Industrial effluent

Many industries use pesticides Iin the manufacture of their products,
and effluents may contain high levels. Many instances have heen reported
where DDT, lindane or dieldrin has heen discharged from carpet or fahric

manufacturing plants, where they are used for mothproofing.

Sewage

Pesticide sources in sewage include some Aischarges from industry,

residues from homeowner's use, and a variety of fungicides and hactericides
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used in soaps and cosmetics. The level of contamination may be high.
Edwards, (1973) cites instances where dilutions of 1:20 were required
hefore effluents would he safe for fish., For some pesticides, for example,
hexachlorophene, urhan wastewaters prohably represent the major source

(Sims and Pfaender, 1975),

Spills

The handling of pesticides {n the volumes now used increases the
possihility nf large—scale industrial spills during processing, storage and

transportation, as well as the problem of smaller spills by individual

applicators.

(1i) Fate of pesticides in water

The persistence aof pesticides in water depends on a number of factoers,
only some of which can he qualified and/or quantified. Those that persist
1n soil also persist in water or in river sediments, from which mixing wjth

the overlylag water constantly occurs.,

Nature of the nesticide

With organic pesticides those that are highly soluble are hydrolyzed
rapidly and have a short life in water. Among the pesticides, DDT,
dieldrin and endrin are the most persistent, as each are relatively
insoluble in water (0.2 pph, 186 pnph and 100 poh, respectively) and
resistant to hydrolysis. Hence, these have the potential to persist in
rivers and river sediments, For most pesticides however, persistence in

water Is brief, irrespective of thelr solubility.

Nature of the Water

The natural composition of the water also plays an important role in

the fate of pesticides in water,




Chemical composition

Some studies have considered water hardness (as CaCnj3) as important,
However while some indicate that hardness is impnrtant in determining toxic
effects, others indicate that it has licttle effect on persistence and

toxicity (McEwen and Stephenson, 1979},
pH

Since many pesticides degrade by hydrolysis it might be assumed that
water pH would he important. However, although lahoratory findings make it
clear that pH {s important to degradation it may he of only minor

significance in nacural waters (McFwen and Stephenson, 1979),

Temperature

Increases in temperature increase the rate of chemical reaction and
the rate of volatilization of pesticides. Within limits they will also
increase biological activity and thus would be e<pected to Increase

blolongical degradation of pesticides.
Aquatic Life

Numerous studies attest to the fact that a wide range of plants and
animals detoxify pesticides. Any consideration of the hiota to which
pesticides are cxposed, must include that of the hottom mud, where
anaeroblc and near anaernblic conditions prevall., Some of the mechanisms
involved in hilogical degradation include oxidatfons, dechlorinations,

reductions, hydrolyses, and ring cleavage.

0f all the groups {nvolved, microorgranisms are peohably most

important.
Sediment and Suspended Matter

Many studies indicate that hottom sediments in rivers act as




reservolrs for persistent pesticides. Analysis of suspended matter
demonstrates a tendency for pesticides to become adsorbed or absorhed to

particulate matter whether organic or inorganie, living or dead,
(111) Residue levels in surface waters

Estlmates have heen made of the “"safe” level for pesticides in
drinking water and Frtinger and Mount (1967) have noted the potentlal for
fish to accumulate some pesticlides, suggesting maximum levels in water
which would give a reasonable measure of fish safety {Table !8). More
recently, maximum permissible levels have heen recommended to protect fish

and aquatic iife (Committee, 1973). These are mich lower {see Tahle 18).

Also, a number of studies have correlated pesticide levels Iin streams
with local use patterns and rainfall. Thus, Miles and Harris (1971) found
that the highest levels of DDT in streams in an agricultural area reflected
spring runoff and rajinfall patterns throughout the growing season. Thus,

sheet ernsion probably constitutes a major source of contamination.

Many of the factors that determine persistence in solls apply to the
problem in water. Table 19 gives a summary of the relative nersistence of

some pesticides {n natural waters (McFwen and Stephenson, 1979).

In British rivers, only DDT, BHC, aldrin and dieldrin had heen
reported up to 1973, Up to then, only two surveys were avallahle. The
first was a study in 8 south east rivers and IR rivers from other parts of
the country (Croll, 1969), The amounts reported were relatively smali,
being generally less than 50 ng/%, the occasional larges residues were
attrihuted to industrial effluents (Tahle 20), There were no residues in

the 12 different groundwater samples analysed.




TABLE 18 Levels of some pesticides permissible in potable
safe levels for surface waters?

water and

Maxmimum Suggested

Permissible Aquatic
Pesticide Levelab Fish?© Lifeab
Dieldrin 1 0.25 0.005
Endrin 0.5 0.1 0.002
DDT 50 0.5 0.002
Heptachlor 0.1 1.0 g.01
Aldrin 1 .25 0.01
Lindane 50 5.0 0.02
Chlordane 3 0.25 0.04
Methoxychlor 1000 20.0 0.005
Toxaphene 3 2.5 0.01
2,4-D 20 not given -—
2,4,5-TP(Silvex) 30 not given -
2,4,5-T 2 not given -=
Organophosphorous
plus carbamates 100 not given

evel expressed as parts per billion.

bFrom Committee, 1973,

“From Ectinger and Mount, 1967




TABLE 19 Relative persistence of some pesticides in natural waters
Non a Slightly Moderately 4
Persistent Persistent Persistent Persistent
azinphsmethy! aldrin aldicarb benomyl
captan amitrole atrazine dieldrin
carbaryl CDAA ametryne endrin
chlorphyrifos CDEC bromacil hexachlorobenzene
demeton chloramben carbofuran heptachlor
dichlorvos chlorpropham  carboxin isodrin
dicrotophos CIipC chlordane monocrotophos
diquat dalapon chlorfenvinphos

DNOC diazinon chloroxuron

endosulfan dicamba dichlorbenil

endothal disulfoton dimenthoate

fenitrothion DNBP diphenamid

IPC EPTC diuron

malachion fenuron ethion

methiocarb MCPA fensulfothion

methoprene methoxychlor fonofos

methyl parathion  monuron lindane

mevinphos phorate linurcn

parathion propham prometone

naled Swep propazine

phosphamidon TCA quintozene

propoxur thionazin simazine

pyrethrum vernolate TBA

rotenone terbacil

temephos toxaphene

TFM trifluralin

2,4-D

aHalf-life less than 2 weeks

bHalf—life 2 weeks to 6 weeks

Source:

CHali-life 6

weeks to 6 months.

dHalf-life more than & months

McEwen and Stephenson (1979)
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{(c) Drinking Water Quality and Pesticides

The WHO guidelines for drinking water quality with regard to organic
constituents are presented in Table 21, Many of these organic constituents
are potentially toxic and can reach surface or groundwater elther from
polnt or non-point sources. Many too are carcinogenic and a number have

been shown to be mutagenic,

In some cases where no threshold of toxicity exists, such as carbon

tetrachloride multistage extrapolation models have been used to give an

{ndication only, of potentially harmful levels to individuals and

communities.

No reasonahle person would dispute the immense usefulness, in terms of
food production and health protection, of the wide range of pesticldes now

availabhle to mankind. Fqually, it would he ahsurd to suggest that these

_chemicals should be utilised without any controls designed to protect human

beings and the ecosystem from harmful effects resulting from this use.

In water, the CEC Directive sets two maximum allowahle concentrations
for pesticides and related products, {ncluding {nsecticides, herbhicides,

funglcides, PCB and PCT (Tahle 22). These are:

a) for substances considered separately 100 ng/l

b} for all such substances, 500 ng/l

A comparison shows that, for the small number of pesticides and
related compounds covered in the WHO guidelines the total concentration is
134 ug/l compared to only 0.5 pg/l (i.e. 500 ng/l) for all pesticides and
retated products allowed by the CEC NDirective. Hence, one figure 1is 268
times the other., Clearly there is a danger that unenforceahle or
ill-considered controls could lead to disregard of the whale prohlem of

pesticides in drinking water as will be seen later.

d) Some recent case studies of pesticide resfdues in river waters

(1) Pesticide Pollution in Australia

Garman and Sutherland (1983) have studied the extent of pesticides as

non-point source pollutants in Australia. As in the U.X., hecrhicides







TABLE 21 WHO Guidelines for dripnking water quality

Organic Constituents

Substance

Guideline value (pg/l)

Aldrin and Dieldrin
Benzene
Benzo—-a-pyrene

Carbon tetrachloride
Chlordane
Cnlorobenzene
Chlorcform
Chlorophenols

2:4D

DDT
1:2-Dichloroethane
l:1-Dichloroethane
Heptachlor and Heptachlor epoxide
Hexachlorobenzene
Gamma-HCH (Lindane)
Methoxychlor
Pentachlorophenol
Tetrachlorcethane
Trichloroethene
2:4:6-Trichlorophenol

Trihalomethanes

0.03
10
0.01
3
0.3
no guideline set
30
no guideline set
100
1
10
0.3
0.1
0.01
3
30
10
10
30
10

no guidelines set




TABLE 22A EEC directige for drinking water quality Al.1l
pesticides and related products (including PCBs)

Directive level (ug/1)

For any one substance 0.1

For all substance together 0.5

22B WHO Guidelines for drinking water quality
pesticides (only 8 categories covered)

Guideline value (pg/l)

DDT

Aldrin and Dieldrin 0.03
Chlordane 0.3
Hexaclorodbenzene 0.01
Heptachlor and Heptachlor Expoxide 0.01
Gamma HCH (Lindane) 3
Methoxyclor 30
2:4D 100
TOTAL = 134

L.e. Total concentration suggested by WHO guidelines (for only 8 pesticides)
is 268 times allowable concentration for all pesticides under EEC
directive
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account for a large proportion (about half) of total sales, and OC
pesticides use has glven way to {ncreasing use of OPs and Pyrethroids. The
main mechanisms of transport were spray drift (as much as 75% loss from
tacrget areas depending on climatic conditions) and surface runoff. The

types and amounts of pesticides tranmsported in runof f depended on:

(1) Frequency and rates of application

(2) Application methods e.g. foliar, soll incorporation.

{(3) The persistence, volatility and mohility of the compounds
(4) The intensity and duration of runoff events

(5) Elapsed time hetween applications and storm events.

The amounts of surface runoff {nputs in agricultural lands were
assessed for a range of catchments and agricultural land uses (Garman and
Sutherland, 1983), Total exports of NDDT, NDieldrin and Linuran ranged from
N.N04% to 0,006%, 0.035 % to 0.31% and N.02% to 0.03X% respectively. The
results of this AWRC study were thus consistent with, although generally
much lower than, the working liﬁits for losses suggested by Wauchape (1978)

on the basis of U.S. studies:

{1) Average losses of 1% for foliage applied OC insecticides

(i1) lLlosses of 2% - 5% for wettahle powder-formulated herhicides (e.g.
atrazine and Limuran).

(11i) Losses of N.5% for non OC insecticides, incorporated fnsecticides

and all other herhicides,

0Of course significantly higher losses may occur in particnlar circumstances

such as an intensfve storm immediately after treatment,

The effects of pesticide runoff on recelving waters were also
investigated, Maximum concentrations of DDT were lower than the
recommended drinking water limit (1 pg/l), except for storm runoff and
drainage flows from some intensive agricultural areas. However NDT
concentrations did exceed the criterion for the protection of aquatic life
{0,001 pg/l) in ahout 10% of samples, by up to 3 times. “aximum
concentration of dieldrin tended to be higher than for DDT, but helow thelr
drinking water 1imit {1 pg/l) except i{n storm flows from cultivated lands,

Dieldrin was also detected in a significant percentage of samples (up tn




50%), Mean concentrations exceeded the criterlon for protection of aquatic

life by up to 2 times,.

(11) Pesticlide pollution in runcoff in the U.S, and Canada

Weber, Shea and Strek (1980} have evaluated nonpoint sources of
pesticide pollution in runcff in the U.S, Filrstly, they evaluated the
pesticide runoff found during seasonal or long-term studies. Generally,
the loss of pesticides in runoff was found to he relatively low, averaging
2.39% for atrazine, 0.54% for Cyanazine, 1.33% for Simazine, 0.33% for
2,4-D, 1.08% for Carbofuran, 0,12% for Linuran, 0.36% for Toxaphene and
0.22% for Trifluralin, for example, The highest amount of runoff from any
one pesticlde was 15.9% of the total applied for atrazine. The next
highest losses were 7,2, 6.1, 5.7, 5.7, 5.4, 5.4 and 5.1 percentages for
diphenamid, oropazine, terbuthylazine, atrazine, atrazine, simazlne, and
atrazine, respectively. Hence, the highest losses were from the wettahle
powder formulations, especially when they are applied to the soil surface.

Higher losses also occurred from hare soll cover.

Secondly, maximum concentrations found duriny short-term runoff
studies were avaluated. The maximum pesticlde coancentratlons found in
runoff sediment were 40, 30, 21.8, 13, 12, and 11 ppm for arsenic acld,
terhuthylazine, propazine, fluometuron, dieldrin and atrazine,
respectively. The highest concentrations found in the solution and
sediment phase were 5.2, 4.8, 4.7, 4.2, and 4.2 ppn for plecloram, dicamba,

atrazine, 2,4~D salt, and picloram, respectively.

Numerous case studles of pesticlde losses in individual catchments in
North America also exist. For example, Nicholalchuk and Grover (1983)
looked at the losses of 2,4-D applied to whear in South Vestern
Saskatchewan. The loss was greater from the tr2ated stubble compared with

fallow, which served as a control. Average losses were 4.,1% of the amount

applied and correlation analysis showed the amonnt of loss to he a function

of runoff. Hence, a simple correlatlion of runoff volume and lonsses from an

application rate of 0.42 kg/ha for the h-vear perind resulted in the

following equation:
Y = 0.45 X -2.3 (r? = 0.96)

where Y = herbiclde loss (g/ha), and X = runoff volume (mm)., However, the




average flow-welighted mean concentration of 31 ug/l was well helow the

USEPA maximum permissible level of 100 ug/l.

Finally, in the U.S., Wu, Correl and Remenapp (1983) have recently
investigated herbicide losses in runoff from experimental watersheds {n the
Rhode River region of Maryland. Both atrazine and alachlor (herhices used
in cornflelds) were investigated., Although alachlor was applied in greater
quantities, atrazine was detected more frequently in runoff waters and at
greater concentrations than alachlor (0.40 pg/l vs 0.6 pg/l). Atraziane was
also more persistent and more mohile in watershed soils, Lastlv, a major
portion of atrazine was found in dissolved aqueocus form in runoff samples
collected during storms, with percolation in suhsurface flow and
dissolution In overland flow helieved to be the important transport

mechanisms,
1.7 A U.K. Water Authority Perapective

Inttial Indications of the respective water authorities perspective of
any pesticide pollution problem in the UK have heen assessed hased on thelr
response to a letter sent from the authors, To date, the Welsh Water
Authority has I{ndicated the existence of localised problems in connection
with sheep dipping and aerial spraying of hracken, (Buckley, pers comm
1985). Severn Trent W.A, have also indicated the existence of some
problems, especlally in connection with herhicide usage. However, most
detalled responses have arisen from meetings arranged with Thames,

Yorkshire and Anglian water authonrities,
(a) Thames W.A.

The major prohlem seems apparent rather than real and has heen created
by the hlanket application of the EEC guldelines on drinking water, which
calls for a maximum permissible concentration of 500 ng/l for total
pesticides and 100 pg/l for individual pesticides, after treatment, TIn the
case of the Thames W.A., concentrations of the herhicides simazine and
atrazine in the river water used for supply, exceed the individual limits.
The authority favours a change {n the application of the limits, rather
than treatment of {ts waters for compliance. In addition, the actual
source of these two herbicldes {s unknown, although it {s likely to be
agricultural, However, other pesticide sources in the area include power

station cooling waters treated with algacides and hactericides and paper




mill Aischarges. Some concern about more localised pollution was also
expressed in connection with the aerlal spraying of nil-seed rape and

potatoes, {n particular.
(b) Yorkshire W.A.

In Yorkshire, the major concern lies with pesticide residues in
non-water supply rivers (Edwards, pers comm 1985). 1In particular, the
discharge of textile industry effluents {nto sewage works. Such industry
commonly uses dieldrin, lindane and some pyrethroids for moth proofing. Of
most concern are the levels of lindane (HCH containing 99 percent gamma
tsomer, an OC insecticide) which often exceed the EEL limit In affected
rivers hy two or three times. Lindane is used mostly hy the wool textile

industry to treat {incoming fleeces,

Apart from the probhlems experienced in the industrialised south of the
Y.W.A. area, some pestici{de pollution of a localised nature 1is also in
evidnce Iin the rural north, which provides most of the water supply.
However, most of these prohblems involve spillages, for example, of diquat

into the River Calder.
{c) Anglian W.A,

To date, Anglian W,A, has produced the most informative assessmant of
herbicide pollution at least {Croll, 1984), 1In 1982, the authority
fnitltated a survey of all its water resources and included in {it, analysis
for a number of common herhicides, notahly MCPA, Mecoprop, MCPR, 2,4-D,
atrazine and simazine. Up to September 1984 concentrations of Mecroprop
were found ranging from 0.2 to 2.7 ug/l in surface waters and 0.2 to 0.4
ug/l in groundwaters, MCPA was detected less frequently than mecoprop in
surface waters (0.2 to 2.3 pg/l) only. Also, 2,4-D was detected less
frequently than either of the ahove in surface waters at levels of 0.2 to
2.5 pg/l and in underground waters at 0.2 to 2,5 ug/l. Meanwhile, atrazine
was found {n almost all surface waters at concentrations of 0.2 to 1.4
ug/l, but less frequently in groundwaters (0.2 to 0.5 pg/l). Croll (1984)
concluded that it was more likely that its presence at most polints arose
from total weed control on rallway embankments, roadsides and industrlal
areas, rather than an agricultural use. Lastly, while simazine was
detected at most sites where atrazine was found., Levels were generally

only 25% of those of atrazine. Although the concentrations detected are




not suspected to cause problems of toxiclity, taste etc. in potable waters,
they do however, exceed the EEC "Nrinking Water” NDirective limits for

pesticides.
1.8 Modelling Pesticides in the aquatic environment

Numerous investigators in the U.S. have developed models for assessing
water pollution from aonpoint sources as indicated by Haith (1982). Bailey
et al (1974) and Leonard et al (1979) have developed models which
quantitatively describe pesticide runoff as a function of pesticide and
soll properties, agricultural practices, watershed characteristics, and
climatic factors. Unfortunately, as indicated hy Dickinson and Wall
(1977), many such models suffer from the following weaknesses: a) the
components and parameters are of a conceptual rather than physical nature
h) an inadequate characterization of the dynamic development of hasin
drainage systems «¢) no ldentificatinn of the soll moisiture storage
concepts d) no description of micro-dralnage systems, and e) insuffi{cient
emphas{s on the role of large storms. In addition to these deficlences,
most models: a) assume instantaneous equilihriun hetween adsorbed
pesticides and those in solutions, b) assume completely reversibhle
adsorption processes for all pesticides, ¢) applv uniform equations to all
organic chemicals regardless of their chemical properties, d) assume that
the diffusion and hydrodynamic dispersion of organic chemicals are
{nsignificant, even for volatile chemicals, e) assume saturated flow
conditions, and f) they do not lnclude chemical decomposition and

volatilization losses.
However, notwithstanding the ahove limitatinns, a hrief review of some
of the avallahle pesticide models is presented 1n an effort to indicate the

possiblility of thelir successful development in the British context,

a) Agricultural Runoff Management (ARM) model (Donigan et al, 1977)

Skogerhoe (1982) described the ahave mode! as a coatinuous one which
stmulates rainfall, sediment, pesticides and nutrlent contribnutions to
stream channels from both surface and subsurface sonrces. TIn this model,
pesticide adsorption/desorptlon and degradation are modelled, In order to
similate vertical movement and transformations of pesticides and nutrients
in the soll profile, specific soil zones (and depths) are estahlished so

that the total soll mass in each zone can be computed, Total soll mass 1is

a necessary Iingredient {n the pesticide adsorption/desorptioﬁ reactions and




nutrient transformations. The vertical soil zones simulated in the ARM
model include the surface, upper, lower and groundwater zones, The depths
of rthe surface and upper soll zones are specified by the model input
parametets, and are generally 2 - 8 mm and 75 = 150 mm, respectively. The
upper zone depth corresponds to the depth of the incorporation of

soll—-incorporated chemicals.

The transport and vertical movement of pesticides and nutrients, as
conceived in the ARM model, 1s indicated in Figure 5. Pollutant
contrihutions to the stream can occur from the surface zone, the upper
zone, and the groundwater zone. Surface runoff is the major transport
mechanism carrying dissolved chemicals, pesticide particles, sediment, and
adsorbed chemicals., The interflow component of runoff can transport
digssolved pesticides or nutrients occurring in the upper zone, Vertical
chemfical movement is the result of tnfiitrating and percolating water.
From all the zones, uptake and transformation of nutrients and degradation
of pesticides {s allowed., The groundwater zone i{s however, considered a

sink for deep percolating chemicals.

b) Chemicals, Runoff and Erosion from Agricultural Management Systems:

the CREAMS model.

Knisel (1982) has reported on the CREAMS model which also considers
the effects of agricultural non-point source pollution and includes a
consideration of pesticide modelling., The model was designed for
field-size areas and was physically based, not requiring calihration.
Also, input data requirements were restricted to readily available or
easily measurahle information, Thus, the adopted svstem for the evaluation
of non-point source pollution in CREAMS, is shown fin Figure 6. CREAMS 1is a
state of the art field-scale model for evaluating response from alternative
agricnltural management practices. Also, the model can he used to develop
resource conservation practices, however, it is not a nredictive model In
absolute quantities, but it provides estimates of the relative response

among different management practices.

It has three major components (programs): hydrology, erosion, and
chemistry. Each operates separately, and generates {information to he used

with the next component,
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The hydrology component estimates the water balance elements with
nptions for calculating direct runoff, One option requires daily rainfall,
the other, hourly or intensity data and uses an infiltration equation to
partition rvainfall into i{nfiltration and direct runoff. The hydrology
component calculates storm runoff volume and peak rate, storm rainfall
energy, percolation, and soil water accretions for each storm event,
Retween storm events, evapotation, transplration, percolation, and soll

water content are calculated.

The erosion component calculates rill and {nterrill erosion, transport
and deposition for any shape of overland flow profile. Sediment transport
from overland flow {s inputted to the concentrated-flow area or channel.
Sediment yield at the field edge and sediment enrichment ratios, based on
particle-size distribution, are calculated for use in the chemistry

component .

The chemistry component considers hoth plant nutrients and
pesticides, It calculates water and sediment fractions of pesticide load
for the fleld, Foliar applied, soll-surface applied, and soil incorporated

pesticides are considered. Multiple applications can also be simulated.

Nutter et al (1984} have simulated herbicide concentrations in
stormflow from small forested watersheds uusing the CREAMS breakpoint
hydrology and pesticide options., CREAMS accurately predicted hexazinone
concentrations (a trlazine herbicide) in the inittial stormflow, but
underestimated concentrations in stormflow two months or more after the
application. 1In addition, the daily rainfall optfon of CREAMS was used to
evaluate the relative risk of hromacil, plcloram, dicamba, and triclopyr,
as well as hexazlinone, appearing in stormflow, following their
application., The model predicted the following order of potentlal residue
appearance in stormflow: hromacil triclopyr hexazinone picloram
dicamba. 1In general, hexazinone losses averaged 0.53 percent of that
applied. The underestimates For hexazilnone after the first 75 days may
have heen due to a change In the source of the pesticide during stormflow
{(Nutter et al, 1984), C(Clearly the current version of CREAMS which does not
account for subsurface movement, tends to underpredict concentrations which

may be influenced by subsurface interflow.




c) A Simple Pesticide Runoff Model (Haith, 1980)

Although runoff is not the only pesticlde transport mechanism, it may
in many situations be the most significant pathway for entry to aquatic
systems, DNata from fleld studles provide a valuahble means of estimating
losses in runoff, However, these losses are influenced by many Factors In
endless comhinations. Hence, the principal methods avallable for site and
pesticide specific analyses of pesticide runoff are likely to be

mathematical models,

There appears to bhe a need for a relatively simple pesticide runoff
model which can be used to evaluate lossses for a wide range of field
conditions and pesticide characteristics (Haith, 19R0). The model proposed
iIs based on commonly used methods of runoff and soll loss prediction,
employing mass bhalance considerations of the surface 1 cm of soll. Relow
this depth, the pesticide is considered unavailahle for runoff loss.
Pesticide levels in the soil are also considered to decay exponentially
with time. Meanwhile, total pesticide can he divided into adsorhed
(solid-phase) and dissolved forms. The model can also allow for rainstorms
subsequent to the first storm, To complete the nesticide runoff model,
runoff and soil is also predicted, and is hased partly on a modified
Universal Soil Loss Fquation (USLE) used to estimate soil loss from any

rainfall event.

The model was tested (Haith, 1980) using data for atrazine losses for
two small watersheds in Watkinsville, Georgia, applied as a surface spray
to loosely tilled sofl. Predicted and measured runoff, sediment, and
atrazine losses for runoff-producing storms were presented., The accuracy
of predictions varied among events showing that the model is not a suitable
means of predicting losses from a single isolated storm,. However, an

estimation of average or seasonal losses are predicted fairly well. The

total dissolved losses are more accurately predicted than solid-phase

(adsorbed) losses.

d) An evaluation of some available pesticide runoff loading models.

Lorber and Mulkey (1982) tested three runoff models: ARM, Continuous
Pesticide Simulation (CPS) and CREAMS, comparing them for their abilities
to predict the movement of toxaphene and atrazine, using watershed studies

in the Mississippt delta region. All the models accurately reproduced




fi{eld data. For the CPS and ARM models, predictions of total erosion
differed from observatfons by 6%, whereas CREAMS underpredicted eroslon by
25%. Model predicrions of total runoff differed from fleld observations hy
15% or less, All models were within 10% of ohservations of overland
toxaphene loss predictions bhut their predictions of peak events did

differ. ARM could predict higher losses of soluble chemicals than the
other two, due to {ts unique interflow component. Similarly, CREAMS
estimation of sediment enrichment resulted in higher toxaphene loss

predictions than the other two,
1.9 Conclusion

Pesticide usage continues to Iincrease in the U.,K, so that concern with
the possible effacts on river catchments, especially on water quality will
also continue, While the move away from the more persistent organochlorine
pesticides Ls to be welcomed, the increasingly large quantities of OP's,
pyrethroids and carbamates being applied need careful investigation with
regard to their possible residue levels to he found in British rivers.
Herhicides prohably represent the area of most concern since thelr total
applications dominate pestictide usage in the U.X,., aertally and

quantitatively.

Many factors influence the behaviour and fate of nesficides after
contact with goil, including such factors as adsorption, leaching,
volatilisation, erosion, microblal degradation, chemical degradation and
hydrolysis. All nf the above are in part dependent on soil characteristics’
as well as the chemical characteristics of the pesticide. Moreover, soll
erosion in agricultural areas i{s a major process contributing pesticides t»
the aquatic environment, Other sources, however, include industrial and
sewage effluent and accidental splllages. All of these factors and sources
need to he taken into consideration in any general study of pesticides in

catchments, and in any modelling exercise.

More specifically with regard to pesticides in rivers, the present
E.E.C. drinking water standards appear hopelessly misguided and npen to
disregard since a global standard of 0,5 ug/l for the total pesticides
present takes no account of the toxic nature of individual compounds.

Certalnly, this {s the view of Thames W.A.

Recent studies hoth in Australia and North America, meanwhile, seenm .

indicate that the actual losses of pesticide rarely exceed 5% of the tatal,




applied, and as such are not alarming. However, what Is of concern is the
nature of the individual pesticide concentrations reaching rivers and their
possible toxic effects on aquatic fauna. Clearly, storms following recent
applications of pesticides represent the main period of concern since-the

changeover to less persistent pesticides.

The present water authority perspective on the possible pollution
prohlems represented by pesticides varles. Thames W.A. experience
"apparent” problems with the herhicides atrazine and simazine {n relation
to the levels present in supply waters., Yorkshire W,A,, however,
experience more urgent problems based on the industrial discharges of
lindane in particular, from textiles maanufacturers, while Anglian W.A,
have some evidence of elevated atrazine levels, probably due to

lndiscriminate urban usage.

Finally, with regard to the possihility of modelling pesticide
movement within catchments, work in the U!.S, suggests its feas{lbility.
Certainly, the ARM and CRFAM models offer good examples, although they hoth
have obvicus limitations. All such models require hydrology, eronsion and
chemical components, if they are to successfully model pesticide losses.
Nata inputs to them also require in many instances, detailed field
ohservations and careful calibration and validation., Such procedures would
thus also he necessary for any model derived hy the authors for the British
context. It is hoped that the feasihility of designing such a model can bhe

fully assessed by the end of the present contract.
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