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Abstract

Heer, H. de (1979). Measurements and computations on the behaviaur of the insecticides
azinphos-methyl and dimethoate in ditches. Agric. Res. Bep. (Versl. landbouwk. Onderz.)
284, Pudec Wageningen. o
1SEN 90 220 0695 6. {xiv) + 176 p., 55 £igs, 55 tables, 142 refs, Eng, and Dutch summaries.
Also: Doctorai thesis Wageningen.

The unintentional pollution of surface water was studied during spraying of the insec=
ticides azinphos—methyl and dimethoate on two fruit farms. Spray drift depended clesely oo
the local situations at the fruit farms {windbreaks, distance from trees to ditches, paths}
and on way of application.

During application, the concentrations of both insecticides in water and in ditch
bottems were measured. Methods were adapted or developed for sampling, extraction, clean
-up and gas—chromategraphy. Shortly after spraying, concentrations were several hundreds
of mg m™3. The half-lives of azinphos-methyl ranged from 3 to & d; those for dimethoate
ranged from 4 to 13 d.

Water flow from and to ditch sections was estimated on both fruit farms during appli~
cation. Flow through the ditch bottom was estimated as a closing item in a balance equa™
rion. All items of water balance were introduced into computation models of the behaviour
of pesticides in surface water and bottom material. The set of differential equations was
so%ved numerically after programming in the computer language CSMP III. Simulation of 2
trial with low discharge from a siphon-linked ditch indicated rhat conversion of hoth com=
pounds in water was 70-90% of the material balances. Penetration into the ditch bottom was
slowlv. During water flow through the ditches, convective transport and digpersion were pre”
dominant.

Dacline of azinphos-methyl and dimethoate was alsc measured in outdoor tank systems
wifh a bottom layer. Fluctuatiens in pH and variaticns in light penetration jnfluenced de-”
cline rates. Computations for the tank system indicated that conversion in the water com~
partment was the major item in material balance, The computed and measured masses of the
msectlcxdes.in the bottom layer were less than 10% of the amount added.

Convgrsmn rates in surface water and in systems with anaerobic bottom material were
measured in the laboratory at 10 and 20 °C. Conversion in water in the dark was slow, with
half-lives of both compounds at about 100 d at 20 °C. The conversion rates of agzinphos™
-methyl'm anaerobic bottom material at 20 9C was about ten times those in surface water.
Copper ions were catalytic in the conversion of both insecticides in water.

Free ?escriptors:.adsol‘:ptiun.c?efficient, clean-up, gas--liguid chromatography, bottom
m?t‘:enal, conversion, insecticides, azinphos-methyl, dimethoate, watercourse, ditch, sam
pling, spray drift, diffusion, dispersion, computations, half-1ife, rate-constant.

This thesis will also be published as Agricultural Research Reports 884.
© Centre for Agricultural Publishing and Documentation, Wagemingen, 1979.

Ko part of this book mey be reproduced or published in any form, by print, photoprint,
microfilm or any other means without written permission from the publishers.



Stellingen

1. De toetsing van en de voorlichting over de mogelijke gevolgen van het gebruik ven be-
strijdingsmiddelen voor het milieu dienen sterk te worden geintensiveerd.

2. De mate van verontreiniging van oppervlaktewater met bestrijdingsmiddelen is sterk af-
hankelijk van de lokale situatie en de werkwijze van de gebruiker.

3. In fruitteeltgebieden met veel sloten kan de verontreiniging van opperviaktewater met
bestrijdingsmiddelen verminderd worden door sloten te vervangen door een drainagesysteenm,
door het plaatsen van windsingels rondom fruitteeltpercelen of door het aanleggen van pa-
den tussen de boomgaard en het oppervlaktewater.

4. Bij onderbemaling van sloten verdient het aanbeveling een lage waterstand aan te brengen
voor de bespuiting met bestrijdingsmiddelen en na de bespuiting zolang mogelijk te wachten

met bemalen.

5. Gezien het grote aantal chemische verbindingen en de uiteenlopende veldsituaties is het
gebruik van rekenmodellen als denkraam in milieustudies cneontbeerliijk.

6. Onzekerheden in aannames en basisgegevens beperken tot nu toe de voorspellende waarde
van rekenmodellen. Aan het ontwikkelen van representatieve laboratoriumexperimenten ter be-
paling van afbraaksnelheden in oppervlaktewater zal meer aandacht moeten worden besteed.

7. Het inzicht in de relatie tussen milieu-toxicologische gegevens van bestrijdingsmiddelen
en ecologische effecten in het milieu dient sterk verdiept te worden, opdat een zinvolle
beoordeling kan plaatsvinden van de kans op oraanvaardbare schadelijke nevenwerkingen van

bestrijdingsmiddelen voor het milieu.

8. Niet alleen chemische, maar ook biologische en mechanische bestrijdingsmethoden dienen
in voldoende mate te worden getoetst op hun aanvaardbaarheid voor het milieu.

9. Beschaduwing van waterlopen kan ongunstig werken op de omzettingssnelheid van insekti-

ciden in oppervlaktewater.

10. Het sterk terugdringen van de eutrofiéring van oppervlaktewater kan de afbraak van
toxische stoffen in oppervlaktewater vertragen.



11. Belangrijke verschillen in het toelatingsbeleid in de verschillende Europese landen
werkt het gebruik van niet-toegelaten bestrijdingsmiddelen in de hand.

1Z2. De bepaling in de schouwplicht van sommige waterschappen over het verwijderen van
fluitekruid uit wegbermen dient geschrapt te worden.

13. Door de nadruk die door publiciteitsmedia op de relationele en sociale oorzaken van
kwalen wordt gelegd, dreigen de zuiver medisch lichamelijke aspecten als onbelangrijk ter-
zijde te worden geschoven.

Proefschrift van H. de Heer .
Measurements and computations on the behaviour of the insecticides azinphos-methyl and
dimethoate in ditches
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1 Occurrence and origin of pesticides and
herbicides in the aquatic environment

The problem of the occurrence of pesticides and herbicides in surface water has so
many aspects that a research program in this field must needs be restricted to part of it.
To set the present research program in context and to allow a better evaluation of the
results, Chapter 1 gives a general sketch of the problem sphere before the research ap-
proach is described in Chapter Z. For the description of concentrations that can occur in
surface water (mainly in the larger watercourses), the results of extensive monitoring
research could be uysed. Only a few data have been published on the size of the source
of specified contamination. In several cases, an emission to surface water could well
occur, however little is known about the size of the source. Some possible sources of
pesticides and herbicides in surface waters are disc:ussed in Section 1.5,

1.1 CHLORINATED HYDROCARBON PESTICIDES AND RELATED COMPOUNDS

Monitoring of surface waters and bottom sediments started in the United States
about ten years after the introduction of the organochlorine insecticides. It Soon became
evident that small amounts of these insecticides were present in many surface waters.,
Since then, extensive surveys have been made in several countries. Most attention was
paid to the chlorinated hydrccarbons, since these were widely used and could be rather
easily measured with gas chromatographs equipped with an electron-capture detector. Sever-
al chlorinated hydrocarbons are only slowly degraded in water. Reviews of organochlorine
residues in water were given, for instance, by Westlake & Gunther (1966), Nicholson {1969}
and Bdwards (1973). Their summarized data show that the residue levels in water are rel-
atively low, ranging from a few micrograms to a few milligrams per cubic metre, except
near point sources like discharge of industrial effluent, direct application or accidenta_l
contamination.

Chlorinated hydrocarbons were detected in water samples in many Buropean countries
(Greve, 1972, Herzel, 1972; Lowden et al., 1969; Sirensen, 1973). These measurements show
that lindane, having the highest water solubility of the general chlorinated hydrocarbon
insecticides (King et al., 1949), was most commonly found in Europe.

Most chlorinated hydrocarbons show a low solubility in pure water and they may be
readily adsorbed to humic substances, organo-clay complexes and other particulate matter
in suspension. In laboratory experiments, the release of these compounds from sediments
into water was found to be slow {Choi & Chen, 1976). Chlorinated hydrocarbon residues may
long persist in the bottom material. For instance, Dimond et al. (1571} showed that the
average content of DT and its metabolites in dry mud from the bottom of small streams
decreased from 1.08 mg kg'1, one year after a single application to 0.59 mg kg“1 after
five years. After ten years, the content had declined to 0.07 mg }cg—1 . The bottom sediment



may be stirred up by strong currents and the transport of DDT in water may thus occur
while still largely adsorbed on suspended material {Nicholson, 19693,

Since some organochlorine insecticides are known tc be persistent and tend to accumu-
late in organisms, especially in adipese tissue of animals, their use has been restricted
or banned in several countries. In the Netherlands, the last applications of DOT were ban--
ned on 1 July 1873,

Monitoring of chlorinated hydrocarbowms in Duteh surface waters

The first monitoring in the Netherlands dates back to 1967 and since May 1965, water
has been sampled at meny ppints. These sampling points were distributed over the River
Rhine with its tributaries, intakes for drinking water supplies and large agricultural
areas (Greve, 1971).

Greve {1972) and Meijers (1973) found that a-hexachlorocycichexane {«-fH), lindane
(y-HCH} and hexachlorobenzene (HCBj were nearly alwdys present in Rhine water. The insec-
ticide endosulfan had been found in that river in several waves during the years 1969 and
1970, but was rarely found after July 1970. Other organochlorine pesticides and their
conversien products (heptachlor, its epoxide, alarin, dieldrin, endrin and DDT plus related
compounds} were occasionally detected in rather low concentrations. The average con-
centration over the period 1 September 1969 to 1 April 1972, amounted to 0.15 mg m™> for
a-hexachlorocyclchexane, 0.10 mg m_:5 for lindane and 9.13 mg m_s for hexachlorcbenzene
{Greve, 1972). The concentrations of the by-product a~hexachlorocyclohexane were thus found
to be higher than these of the pesticide lindane itself. In view of the limited use of pesti-
cides containing e-hexachlorocyclohexane in agriculture along the Rhine, industry has prob-
ably been the main source of pollution. The high concentrations of hexachlorobenzene could
not be explained by the limited use of this compound as an agricultural fungicide or by its
presence as an impurity in a fungicide like quintozene. Hexachlorcbenzene is an intermedi-
ate compound of frequent cccurrence in industrial syntheses. This compound is also used as
a flame retardant.

Since 1972, all monitoring data measured for the larger Dutch waterways administered
by national authorities have been tabulated in the quarterly surveys of Rijkswaterstaat
(1973~1978). These newer data (Table 1) show that the concentrations of «-HCH and of lin-
dane decreased considerably. As there was no systematic trend in the discharge of the riv-

er, whicl averaged 1890 w s over this 5 year period, the discharge of the latter two
chlorinated hydrocarbons must have actually decreased,

1.2 CHOLINESTERASE INHIBLTORS

The monitoring program started in the Netherlands in 1967 and also included the
measurement of cholinesterase inhibitors (mainly organophosphorus and carbamate pesticides)
in surface waters. Greve et al. (1972} showed that rather high concentrations of cholin-
esterase inhibitors were present in the Rhine and its distributaries. They analysed some
water samples from this river system in more detail. Five insecticides were detected by
.ﬂxin-layer chromatography (TLC) and gas--liquid chromatography (CLC), while their ﬁresence
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Table §. Average mass concentrations of a few chlorinated hydrocarbons in Rhine water
sampled near Lobith, the Netherlands. (After Rijkswaterstaat, 1973-1978).

Compound Quarter Mass concentrations (mg m—3) in different years
1973 1974 1975 1976 1977
Hexachlorobenzene Ist 0.18 0.11 0.04 0.10 0,07
{HCB) 2nd 0.11 0.12 0.07 0.12 0.07
3rd 0.08 0.17 0.08 0.16 0,14
4th 0.09 0.06 0.10 0.13 0.04
a-Hexachlorocyclohexane lst 0.28 0.25 0.06 0.04 0.02
{o~HCH) 2nd 0.13 0.35 0.10 0.06 0,02
3rd 0.15 0.2t 0.05 0.06 0.03
4th 0.22 0.04 0.04 0.04 0.01
Lindane lst 0.26 0.13 0.04 0.03 0.02
(y~HCH) Znd 0.10 0.17 0.05 0.04 0.03
3rd 0.09 G.13 0.03 0.03 0.03
4th 0.14 0.02 0.03 0.02 (.04

was confirmed with a mass spectrometer (MS) (Table 2). The presence of cholinesterase
inhibitors in surface water is infavourable, because cholinesterase activity is intimately
related to life in the aquatic environment. Little is known about the significance of sub-
~lethal concentrations for aquatic organisms.

The average concentration of cholinesterase inhibitors, expressed in paracxen
equivalent, measured during 1970, 1971 and 1972 was below 1 mg rn_3 {Greve et al., 1972).
However, the concentrations in the Rhine near Lobith increased from the first quarter of
1973 onwards. Occasionally the concentrations were fairly high in 1976, which could not
be explained by the relatively low discharge of water in the Rhine in that year (Table 3,
Figure 1).

In 1976, an important industrial effluent source was traced by the Institut filr
Wasser, Boden- und Lufthygiene des Bundesgesundheitsamtes (BGA) in the River Main. After
the complaints of the BGA and the National Tnstitute of Public Health in the Netherlands,
the concentration of paraoxon equivalent near this source diminished within a few weeks
from a maximm of 3000 mg n> to about 10 mg n™3 (Fritschi et al., 1978).

In other surface waters in the Netherlands, the level of cholinesterase inhibitors
was found to be substantially lower than that in the River Rhine, even below the detection
Linit of 0.05 mg m > (Wegman & Greve, 1978).

In other countries tco, small amounts of organophosphorus pesticides were found in

Table 2. Mass concentration of a few cholinesterase inhibitors
in Rhine water. (After Greve et al., 1972).

. -3
Cholinesterase Mass concentration {mg m )
inhibitor

Novembher 197!  January 1972

Dimethoate 0.07 0.08
Malathion 0.01 0.01
Diazinon 0.02 0.05
Parathion 0.03 0.07
Carbaryl 0.40 0.20




Table 3. Average mass concentration of cholinesterase inhibiters in
Rhine water sampled near Lobith. Concentrations expressed in mg
paracxen equivalent per md water. {After Rijkswaterstaat, 1973-1978).

s -3, . .
Quarter Mass concentration (mg m ~) in different years

1973 1974 1975 1975 1977

ist 5.73 -0.92 4.5  31.0 5.9
2nd 1.52  0.95 2.9 21.0 5.4
3rd 2,42 2,74 10,1 2.2 3.8
4th 3.27 .64 12.1 3.8 1.9
Annual average 3.24 1.56 7.4 14.5 4.3

surface water. For example in British rivers, Lowden et al. (1969) found carbophenothion
0.01-1, diazinon 0.01-0.03, demeton or demeton-S 0.01, malathion 0.01 and phorate 0.01

mg w2, In Hest Germany, Sdrensen (1973) found several organophosphorus pesticides in sur-
face waters, with a strong variation in concentration dependent on the sampling peints,
His results are represented in Table 4. In the River Main, dimethoate was regularly pres-
ent in concentrations between 1 and 10 mg n> (Kussmaul, 1978).

Extensive reports on cholinesterase inhibitors in surface waters in Italy were given
by Del Vecchio et al. (1970}, who measured chlorpyriphos, diazinon, fenchloiphos, mala-
thion, met!;yl-parathion and parathion in a range from less than 0.01 mg m—:5 to about
0.70 mg m ~.

1.3 HERBICIDES

Monitoring studies in various areas of the United States showed that unintentional
presence of herbicides in natural waters was infrequent and at low levels {Frank, 1972).
During extensive menitoring of streams in the western United States, concentrations of

concentration{ mg m>)
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Figure 1. Cholinesterase inhibitors in Rhine water
(Lobith) in mg paraoxon equivalent per m3, {(After
Fritschi et al., 1978),






