





INTRODUCTION

A seminar covering the appearance and effect of pesticides in
aquatic environments was held at Tune Landboskole, Denmark,
November 12th to 14th 1991.

The seminar was planned and sponsored by Nordic Council of
Ministers (Water Group) and Scandinavian Association of
Agricultural Scientists (NJF). The participants (40) came from
administration, chemical companies and environmental
laboratories.

The seminar coverede both degradation and sorption of pesticides
and transport routes and modelling of pesticide transport to the
aquatic environment. Furthermore, deposition of pesticides with
precipitation, occurance of pesticides in surface and subsurface
waters and environmental effects of pesticides in water was
presented. Most results were from experiments carried out in the
Nordic countries.

INTRODUKTION

Et seminar vedreorende forekomst og effekt af pesticider i vand-
miljeer blev afholdt pa Tune Landboskole, Danmark, 12-14 november
1991.

Seminaret blev planlagt af Vandgruppen under Nordisk Ministerrad
og af Nordiske Jordbrugsforskeres Forening (NJF). De 40 deltagere
var dels fra miljeforskningslaboratorier, dels fra kemikalie-
industrien og fra administrationen.

Seminaret dzkkede nedbrydning og binding af pesticider samt deres
transport til vandmiljeet. O©Ogsd pesticidindhold i nedber,
forekomst af pesticider i overflade- og grundvand og effekter af
pesticider i vand blev beskrevet. De fleste resultater stammer
fra unders@gelser udfert i de Nordiske lande.
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Summary

The use of pesticides in agriculture has led to the appearance of
these chemicals and their degradation products in crops, soils,
air and water.

The aim of the seminar was to elucidate the present knowledge
about pollution of water with pesticides in the Nordic countries
and to evaluate the risk of effects in the aquatic environment.

The main topics to be covered were:

a) Transport of pesticides to the aquatic environment.

b) Appearance of pesticides in precipitation.

c) Pesticides in surface and subsurface water.

d) Effects of pesticides in the aquatic environment.

e) Protection of the aquatic environment against pesticide
pollution.

After a treatment in an agricultural crop the pesticide may move
above the ground in the growth 2zone and further into the
atmosphere, as well as below the ground in both the saturated and
unsaturated zone. In all zones, the mobility of water is of great
importance for mobility and persistence of pesticides within a
certain zone. Disappearance of a pesticide from a zone is, apart
from transport, also dependent on decomposition processes,
photochemical, chemical and biological, as well as immobilization
by incorporation into soil organic matter. The amount of the
substance is then reduced or eliminated. However, metabolites may
appear, which also must be followed in the environment.

During the mid sixtieth the first reports concerning findings of
pesticides in rain appeared. When British scientists discovered
lindane, dieldrin and DDT in rain. Most interest has been paid to
the chlorinated hydrocarbons which have been found in
precipitation almost all over the world. Recently also a number
of other pesticides have been found in precipitation. Thus the
fungicide iprodion and the insecticide permethrin has been found
in the atmosphere in Holland. In Germany rain samples containing
atrazine, simazine, mecoprop and dichloroprop have been found.

Generally speaking the concentrations have been highest during
the spraying seasons indicating short term transport to be the
most important.

Analyses of groundwater and drainage water from Denmark, Finland,
Norway and Sweden sampled during the period 1985-1990 show, with
few exceptions, relatively low pesticide concentrations. The
triazine herbicide atrazine is the most frequently detected
pesticide. Also, the triazines simazine and terbuthylazine occur
sporadically. The herbicide bentazone occurs in one third of the
samples taken in Swedish ground water. High concentrations of
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atrazine and hexazinone have been found in shallow ground water
in Denmark.

In analyses of surface water from Denmark, Finland, Norway and
Sweden, sampled during the period 1985-1990. 35 different
pesticides were detected, including 25 herbicides, 7 insecticides
and 3 fungicides. Most of these were found at low concentrations
and on single occasions. The most frequently found substances, in
all investigations, were the commonly used phenoxy acid
herbicides dichlorprop and MCPA. In Swedish investigations, the
herbicide bentazone has been detected regularly throughout the
year. These substances were also found at the highest
concentrations, along with the herbicide metamitron. The triazine
herbicide atrazine, mainly used on non-agricultural areas, have
been found reqularly in many of the investigations.

There are presently ongoing investigations of pesticides in
surface waters in the four Nordic countries. Monitoring in the
future must improve the sampling strategies to increase
evaluation possibilities and form a basis for exposure
assessment.

Since pesticides to-day have been found in all types of aquatic
environments the seminar participants arqued that it is of
increasing importance that the studies of their effects in those
environments are intensified. Hazard identification and
assessment should be done as well as risk assessment.

Hazard identification for pesticides in the aquatic environment
includes simple key parameters concerning intrinsic hazardous
properties of the substances. The properties should alsc be used
for regulatory purposes. Examples of such properties are water
solubility, volatility, distribution constants for octanol/water
(log P,), soil/water (K,) and soil/organic carbon (K. ),
degradability and biocaccumulation (BCF).

The purpose of hazard assessment in the aquatic environment is to
assess the potential for a substance to cause adverse effects on
living species in the aquatic environment. Studies on fish,
Daphnia and algae is common for regulatory purposes. However, it
is desirable that a hazard assessment include not only single
species, but also populations, communities and ecosystems.
Performing an hazard assessment requires knowledge of the
exposure of the pesticide in the aquatic environment and effect
data on organisms with reference to the aquatic compartment of
concern. The result of a hazard assessment is often expressed by
comparison of predicted or measured concentrations (PECs and
MECs, respectively) with the predicted no effect concentration
(NOEC) for the concerned species, populations, communities or
ecosystens.

The purpose of risk assessment in the aquatic environment is to
determine the probability (quantitatively or qualitatively) that
a pesticide causes adverse effects on an aquatic ecosystem as a
result of the exposure. Both the magnitude, duration and
frequency of the exposure as well as the effects on inter- and
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intra specific relations of the target populations are ideally
taken into consideration.

During the seminar was presented studies of fate and effects of
thiophosphates in the marine environment. In that environment
degradation half-lifes ranged between 15 to 80 days, depending
primarily on the thiophosphate and the concentration level
tested. The toxicity to marine crustaceans was found to be well
below the toxicity of the parental pesticide.

Experiences form a Norwegian project on pesticide effects on
common inhabitants in freshwater ecosystems was presented.
Information has been collected with acute and sublethal toxicity
tests and natural communities have been used, collected from both
lotic and lentic environments. A variety of different responses
have been seen and for some of the organisms the interspecies
variation was great. The general impression was that the most
toxic substance was Dimethoate followed by Propiconazole to the
fauna elements. The algae was most affected by Propiconazole
followed by Atrazine, Simazine and Chlorosulfurone. The
tolerance limits for some of the pesticides seem to be at a level
seen in the brooks and strems from arable land.

The potential for biocaccumulation is an important element in
hazard identification of pesticides in the aquatic environment.
For assessment of the bioaccumulation potential of pesticides,
test guidelines on P -measurements and fish bioconcentration
(BCF) tests are avallable. At the seminar was presented
information on possibilities to improve the determination
techniques. Information on BCF in fish can only be used to sort
out those pesticides, which are not likely to biomagnificate in
higher vertebrates and to indicate warning potential for high
exposure concentrations in the biota. Test guidelines on indirect
biocaccumulation (biomagnification) are needed, because prediction
of food chain accumulation of pesticides is concidered important
in formalized on hazard assessment schemes. Available evidence
suggests that information on indirect biocaccumulation of
pesticides in rodents «could be used as predictor of
bioaccumulation in birds and mammals.

In discussions after the presentations, the seminar participants
pointed at certain areas where lack of information is obvious.
Transformation studies of pesticides in different types of water
and sediments, especially with concern to anaerobic conditions,
should be carried out. Many investigations indicate a need for a
broad range of effect studies with several compounds to get a
good picture of the toxicity of pesticides which have the
possibility to affect aquatic communities directly or indirectly.
Mesocosm studies might be possible to use, NOEC-levels should be
indicated and the possibility of synergistic effects taken into
consideration. Methods to determine indirect bicaccumulation
(biomagnification) are needed.

Pesticides can be transported to surface waters via surface

runoff or via subsurface drainage systems. Pesticides leached
below the root zone pose a threat also to groundwaters. Climatic

5



variables, of which the most important is precipitation and its
characteristics (quantity, intensity, duration, seasonal
distribution), are the driving forces for pesticide transport
from soil to waters. The topography of the field (slope, length,
width), soil characteristics (hydraulic conductivity, porosity,
field capacity) and management practices (cropping systenm,
tillage, use of filter strips) determine the distribution of
water between its behaviour in different environments. The most
important parameters are the degradation rate and adsorption
capacity.

In order to reduce pesticide load to waters both management
practices and the characteristics of the pesticides should be
improved. Improving the pesticide characteristics means that the
pesticides with high degradation rates should be produced and
used. However, the main emphasis should be put on changing
management practices. Application techniques should be developed
in order to reduce the applied amount and to avoid the risk of
transport to waters. This includes:

- the use of pesticides only when needed

- the improvement of the quality and maintenance of the
application machinery to achieve a reduction of the applied
amounts,

- to leave unsprayed protection zones along the watercourses,

- to avoid spills caused by carelessness, e.g. when filling the
tank or when cleaning the sprayers, and

- to take weather conditions into account.

When pesticides with high adsorption are used, their loss can be
significantly reduced by erosion control measures. The most
important measures are the use of reduced tillage techniques
instead of conventional plowing, implementation of grass covered
filter strips along lakes, rivers and ditches, and strip
cropping. The lower the partition coefficient between soluble and
solid phases, the higher is the proportion of pesticide loss via
surface runoff in the soluble phase and via percolation.

Measures to promote best management practices in farming are
legislative and administrative restrictions, information and
education of farmers, and monetary incentives. In the Nordic
countries administrative measures are mainly connected to the
registration process. By intensive education and advisory
programs farmers can be motivated to decrease the applied amounts
and become aware of the risks of spills. Monetary incentives may
in the future play a greater role in reducing the pesticide use
and pesticide losses. The possible methods are, e.g., taxation
and changes in the subsidy system towards direct payments
supporting good agricultural practices.
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ABSTRACT

Pesticides have been found in all types of aquatic environments,
rain water, surface water, drainage water, ground water and also
in sediments. After a spraying operation in an agricultural crop,
the pesticide may move above the ground in the growth zone and
further into the atmosphere, as well as below the ground in both
the saturated and unsaturated zone. The mobility of water is of
great importance for the mobility and the persistence of
pesticides in all zones. Transport of pesticides in the
environment occurs through diffusion, through the influence of
wind and water, or through mobility of solid material. During the
transport the pesticide may occur as a gas or in solid phase, be
solved in water or adsorbed to particles. Important factors
governing transport routes for pesticides include wind drift,
evaporation, deposition, water mobility on the soil surface and
in the ground. Incorrect handling of pesticides, e.g. spillage
and unsuitable routines for disposal of spraying residues, may
cause heavy contamination of water bodies. Such contamination may
also occur when pesticides are used at places where they are
extremely mobile or have a long persistence, e.g. farm yards,
industrial areas and road sides.

INTRODUCTION

Pesticides have been found in all types of aquatic environment
(Torstensson 1990), surface waters as well as ground water. We
know that they occur in rain water. Pesticides have also been
found in drainage water as well as in sediments.

This unintended but obvious contamination of the aquatic
environment may cause problems through direct influence on
inhabitants of the water ecosystems. Certain pesticides can
bioaccumulate in water-living organisms. Herbicides appearing in
irrigation water can cause great damage to sensitive crops.
Pesticides are also extremely unwanted contaminants of our
drinking water.

What are the reasons for pesticides appearing in the aquatic
environment? Only minute amounts of pesticide spraying
operations are intentionally directed at waters, e.g. weed
removal in ponds and channels. In the following I will discuss
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the transport mechanisms and routes believed to be the most
important for pesticide transport in the environment.

IMPORTANCE OF WATER MOBILITY

Afte; a normal spraying operation in an agricultural crop the
pesticide may move above the ground in the growth zone and
further into the atmosphere, as well as below the ground in both
the saturated and unsaturated zone. In all zones, the mobility of
water is of great importance for mobility and persistence of
pesticides within a certain zone (Fig. 1). Disappearance of a
pesticide from a zone is, apart from transport, also dependent on
decomposition processes, photochemical, chemical and biological,
as well as immobilization by incorporation into soil organic
matter. The amount of the substance is then reduced or
eliminated. However, metabolites may appear, which also must be
followed in the environment.

ENVIRON- WATER MOBILITY PESTICIDE
MENTAL ZONE
Input Losses

Atmosphere Evaporation Precipitation Wind drift Decomposition
T (photochemical)
Plant zone Evaporation Precipitation Intended wind drift
l application Plant uptake
Deposition Decomposition

from the (photochemical,
atmosphere in plants)
Irrigation wWind drift Surface water
d Evaporation transport
from soil Deposition
Surface to soil

Surface water mobility — transport
======80i] surfacez========z==========z-=S==SZ=Z==X=-=-S==================

Unsaturated Evaporation Down Intended Root uptake
soil to T application Decomposition
root depth Exudation (chemical,

from roots biological)
Bound residues

T Transport Transport
Root uptake Tl Tio
Unsaturated Up Down Transport Decomposition
soil below T 18 TV (chemical,
root depth « Horizontal — biological)
Transport
_)
Saturated Up Down Transport Decomposition
zone T Ti- (chemical,
(ground «— Horizontal — biological)
water) Transport
-

Fig..1: Processes influencing water mobility and transport of
pesticides in different environmental zones (partly after Cheng
& Koskinen, 1986).




TRANSPORT MECHANISMS

Transport of pesticides in the environment occurs through
diffusion, through the influence of wind and water, or through
mobility of solid material (Fig. 2). During transport the
pesticide may occur as a gas or in solid phase, be solved in
water or adsorbed to particles of different kinds. The rate of
transport, as well as the rate of different decomposition
processes, is influenced by a great number of factors that are
illustrated in Fig. 3.

ENVIRONMENTAL ZONE TRANSPORT MECHANISM PHASE
Atmosphere Wind GP, SP, SW, B
Plant zone Wind GP, SP, SW, B
Surface water SW, B
=z=====S0]1] surface=s===—=====z===—zz=—==-=-=—s=========-==-==-=-=-=-T=-=====-====
Unsaturated soil Diffusion GP, SW,
to root depth Water mobility SW
Ploughing, harrowing, etc. B
Cracks, channels GP, SW, B
Root exudation SW
Unsaturated zone Diffusion GP, SW,
below root zone Water mobility SW,
Cracks, channels GP, SwW, B
Drainage pipes Sw,
Saturated zone Diffusion SW,
(ground water) Water mobility SW,

Fig. 2. Transport mechanisms of pesticides in different
environmental zones. Phase of pesticide: Gas phase (GP), solid
phase (8P), solubilized in water (8W), bound to soil particles
(B).

Chemical and CLIMATE SOIL LAND USE
Iphysical pro- UV-radiation, Adsorbtion Cultivation,
lperties of theg Temperature, capacity, Fertilization,
PESTICIDE Precipitation, Moisture, Irrigation,
etc. Temperature,| | etc.
Nutrients,
pH, etc.
/ b
TRANSPORT DECOMPOSITION

APPEARANCE AND PERSISTENCE OF
PESTICIDES IN THE ENVIRONMENT

Fig. 3. The appearance and persistence of a pesticide depends on
its transport and decomposition, the rates of which are
influenced by a great number of factors.
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TRANSPORT ROUTES

A survey of possible transport routes that may result in the
appearance of pesticides in the aquatic environment is given in
Fig. 4. The surface waters include ponds, creeks, streans,
rivers, lakes, the sea and also sediments that may occur in them.
The numbers within brackets in the Figure refer to further
explanations below.

J—

ATMOSPHERE — - N
- ™~
N il ‘. .
\ (Deposition /
Long distance transport k Q* — (3) — )
! - (o Handling of
¢ o . |pesticides
! [ VR and specificj
b ! situations
i o for use of
Evaporation wind drlft: o P | pesticides
(2) (1) (
SPRAYING \\\& (7)
====.-\===='\=
s SN, Surface transport
e \ _(4)
A4 ——“_—_____*“N VA

SOIL SURFACE

(6) DRAINAGE

WATER

GROUND WATER

Fig. 4. Important transport routes that may lead to the
appearance of pesticides in the aquatic environment.

1). Wind drift of pesticides in connection with spraying
operations is a well-known problem (Hagenvall 1990). Wind drift
may lead to minor amounts of the pesticide (often 0.1 percent or
less), even in slight winds (1-3 m/s), being found hundreds of
meters from the sprayed field. In stronger winds, the wind drift
may become more obvious.

If there are dry climatic conditions on the spraying occasion,
and especially if the sprayer gives small droplets, the water
evaporates and the pesticide turns into very fine, solid,
particles that are easily transported by the wind over 1long
distances (many km) or even up into the atmosphere for global
transport.

Certain pesticides are strongly adsorbed to soil particles and

therefore remain in the uppermost soil layer. In dry, windy,
conditions these soil particles may be blown away. Particles with
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a diameter of more than 0.06 mm are normally transported only a
few metres by the wind. Even particles with a diameter of more
than 0.002 mm fall down relatively soon after the wind has
whirled them up. However, still smaller particles, including
adsorbed pesticide, may be transported by wind over very long
distances.

2). Evaporation of a pesticide from a soil or water surface
depends on the vapor pressure, the water solubility, and the
adsorption of the pesticide, and 1is influenced by the
temperature. As the vapor pressure is an equilibrium property and
an equilibrium with the atmosphere is impossible, the rate of
evaporation is determined by the wind and the area where the
substance 1is distributed. At rising temperatures the vapor
pressure increases.

After a spraying operation, at least part of the pesticide is
dissolved in available water. Because of this, the distribution
of the compound between water and air is also of interest. This
is particularly important for substances with low vapor pressure
and at the same time a low water solubility.

3). Pesticides are deposited by precipitation or dry particles.
Measurements made on rain water have revealed a number of
pesticides in the USA (Richard et al. 1987), in Germany (ARW
1988; Hurle et al. 1987), in Switzerland (Buser 1990) and in
Sweden (Larsson 1989; Larsson & Okla 1989; Kreuger 1990). In an
investigation in the Netherlands, permetrin and iprodion were
found on airborne particles (Wills et al. 1982).

Atrazine was found even in mountain lakes in Switzerland in the
range of 0.15-1 ng/L (Buser 1990). There are no local sources of
the herbicide. These lakes recieve water only from snow, ice, and
rain, and therefore atmospheric input must have been responsible
for the presence of atrazine. The concentration of atrazine (0.3
ng/L) in Lake Mutt (altitude, 2446 m above sea level; volume = 9
x 10° m*) can be visualized from the fact that this concentration
corresponds to 3 g in the whole lake. In Lake Zurich the input of
atrazine via precipitation directly into the lake during the
period March 1988 - March 1989 was estimated to be 1.4 kg (20
g/km% surface area 67.5 km?).

4). Transport of pesticides on the ground surface may ‘occur
together with flowing water or by the wind. In the former case,
the slope and the ground porosity, as well as the intensity and
continuity of the water supply through precipitation or
irrigation, is of importance. The adsorption properties of the
pesticide are also of great importance. With low adsorption the
substance easily penetrates the ground and the risk of loss by
surface run-off is little. With strong adsorption of a pesticide
a major part of it becomes bound to particles at the soil
surface. Those particles may then be transported by wind or water
over shorter or longer distances. The losses by surface water
run-off vary from less than 0.1 percent to about 10 percent or
more, depending on the slope of the area and precipitation
(Wauchope 1978).
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5) . Mechanisms that regulate the mobility of a pesticide in soil
are diffusion in the gas and water phase, preferential flow in
e.g. cracks and root- or earthworm channels, plowing and
harrowing, and exudation from plant roots.

Diffusion is a process by which a chemical substance aims at
obtaining an equal distribution in a given space. It implies a
transport from areas of high concentration to those with lower.
The rate of diffusion depends on the pesticide's concentration
and adsorption properties as well as the soil's temperature,
porosity and content of water. Diffusion in the gas phase is
10000 times faster than in the water phase.

Pesticides adsorbed to soil particles move with them and may then
rapidly penetrate cracks and channels in the soil. Normally
immobile pesticides may thus, in minute amounts, penetrate deep
into the soil profile.

Pesticides taken up by plant foliage can be transported down to
the roots and there be exudated. This transport is rapid and
exudation may occur within hours after application. Pesticides
are transported through the top soil that normally is a barrier
for immobile substances, down to the subsoil. It is known that
exudated herbicides can, in some cases, be taken up by untreated
plants which have their roots in the vicinity.

6). The most important route of pesticide transport in the soil
is with the soil water (Torstensson 1987a). The water solubility
and adsorption properties of the pesticide determine, together
with the amounts of mobile water, the extent of the transport.
The transport is generally downwards, in some cases horizontally,
but under dry conditions it may be upwards.

It is of great interest to be able to predict the mobility in
soil of a pesticide caused by water flow through the soil. The
potential mobility of pesticides can be compared by determining
their adsorption to soil (Torstensson 1987a). The main adsorbents
of pesticides in soil are clay minerals, organic matter, iron and
aluminum hydroxides. For many pesticides there is a strong
correlation between adsorbtion and content of organic carbon.

If pesticides are applied on soils with a low content of
adsorbing materials, the risk of mobility will nevertheless be
high, and also for substances that normally are strongly
adsorbed. Another difficulty is problems to foresee macro-pore
flow of water that very rapidly may transport pesticides deep
down in the soil profile.

The downward transport of pesticides in so0il is also influenced
by the rate of decomposition of the compounds (Torstensson
1987b). In the top soil, with high biological activity, we
normally have the highest rate of decomposing activities. In the
subsoil, biological activities are low and, consequently, rates
of decomposition are also low.

Gustafson (1989) prepared a simple method for assessing pesticide
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leachability in soil. An index is derived based entirely on the
physical properties of those pesticides that have been found
either leachable or essentially immobile. The index is based on
graphical examination of a plot formed by two widely available
pesticide properties: the half-life in soil (t,) and the
partition coefficient between soil organic carbon and water (K, ).
Scores assigned with this index agree with the results of several
recent well-water monitoring programs.

7). Incorrect handling of pesticides, e.g. spillage and
unsuitable routines for disposal of spraying residues and washing
water, may cause heavy contamination of water bodies.

Such contaminations may also occur when pesticides are used at
places where they are extremely mobile or have a 1long
persistence, e.g. soils with low adsorbtion and decomposition
capacity, like farm yards, industrial areas or road sides.
Spraying directly into open ditches should also be avoided.
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Introduction

Soil and water are two of the most important natural resources
which are essential for agriculture. Normally, a pesticide will
be applied to a soil surface or a standing crop. The fate of such
a product in the soil and also the dispersion in the environment,
depends mainly on the characteristics and the overall functioning
of the so0il ecosystem. To reduce the environmental risks,
potentially associated with pesticide use, a clear understanding
of environmental processes is needed. Factors important for
determining the environmental behaviour of a compound are its
chemical structure, its physical properties, the type of
formulation, the method of application, and the local climatic
and agricultural conditions. Important questions like biological
activity and biodegradability are fundamentally linked to the
chemical structure. Much ingenuity has been invested to
synthesize molecules which optimize the biological activity and
the rate of degradation in the environment. The risk of health
hazards will depend on the toxicity of the pesticides involved;
its application frequency and dosage; and its persistence and
mobility in soil.

Rates of loss. An important aspect of the subsequent behaviour of
a compound applied to soils is the time for which their residues
will persist. In this paper, the degradation of pesticides is
discussed primarily in terms of ©persistence processes.
Persistence in the field will vary according to soil properties
and weather conditions. Thus site to site variation and variation
during the growing season should be expected. Important variables
such as soil texture, nutrient status, pH, organic matter, sand
and clay content are all involved in the building up of the soil
structure being highly complex biological and chemical medium.
All of these variables may interact and determine the degradation
rate 