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Runoff-related short-term pesticide input into agricultural
streams: Measurement by use of an in situ bioassay with

aquatic macroinvertebrates

Ralf Schulz and Mathias Liess

Synopsis

In a stream flowing through agricultural land, in situ
bioassays were used to investigate the runoff-related
pesticide contamination. Runoff events with no insec-
ticide input had no effect on the survival rate of the
test organisms. When pesticides were introduced in
the runoff (fenvalerate: 6.2 pg 1!, parathion: 0.6 pg 1)
for short time. periods, an increased mortality of L. lu-
natus and G. pulex was observed. The mortality de-
creased with increasing distance but even as far as
2 km downstream was greater than that at a control
site with no pesticide contamination. The results of
the bioassay clearly confirm that insecticide contami-
nation is associated with increased rates of mortality
and that the reactions of the test organisms can be
used for a detection of short term pesticide contami-
nation.
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1 Introduction

Small headwater streams in cultivated areas are par-
ticularly likely to beflanked by fields used for agricul-
ture. The abiotic parameters here are highly dynamic
as a result of the surface runoff, exposing the stream
inhabitants to hydraulic and chemical stress. Many
review articles have emphasized the importance of
surface runoff as a route of entry for pesticides
(COOPER 1993,WAUCHOPE 1978, WILLIS & MC-
DOWELL 1982). As runoff-related pesticide input en-
ters agricultural streams only for short time periods
(few hours) a measurement and assessment by con-
ventional sampling and analysis is quite difficult. The
present paper describes the results of an in situ bioas-
say to test the effect of short-term runoff-related in-
secticide input into such a stream. In an in situ bioas-
say, test organisms chosen according to the question

of interest are experimentally placed at a site so that
they are exposed to the actual contamination there
under »natural¢ field conditions, either aquatic or
terrestrial. This method provides results considerably
more relevant to the field than those of laboratory
tests, especially with respect to the contamination
scenario (HOPKIN 1993). Unlike chemical analyses
in the field, which yield abiotic data, bioassay sys-
tems are based on a toxicological reaction (CRANE &
MALTBY 1991). Accordingly, their results give con-
siderably better evidence regarding the protection of
aquatic communities. /n situ bioassays amount to a
connecting link between ecotoxicological studies in
the laboratory and those in the field. In the present
experiments, an in situ bioassay was employed in a
stream flowing through intensively cultivated land.
The main objective of the project was to find out
whether experimental bioassays are useful for the de-
tection of pesticide effects on the fauna of small
streams with special regard to runoff-related short-
term input events.

2 Study area and methods

The investigation was carried out in 1995 at a small
headwater stream system in northern Germany
(N'52°1' E 10° 28'), which consisted of the Ohebach
(baseflow 10 I s°1; peak discharge up to 150 1s'1), the
Krummbach (base flow 32 1) and a small tributary
(base flow 5 1s1) of the Krummbach. The catchment
area of the Ohebach (150 m above sea level) and the
Krummbach measures 12 km2 and has a slope of be-
tween 2 % and 4 % (Fig. 1). It is intensively cultivated
(sugar beets, winter barley and winter wheat). The
catchment area (0.5 km2) of the small tributary of the
Krummbach (Fig. 1) has a slope < 0.5 % and consisted
of pasture land without any use of pesticides. The
most common soil types in the area are loess loam
and clayey marl. Table 1 shows the levels of pesticide
contamination measured during the period of the
study, by means of runoff-triggered samplers (LIESS
1993). The water samples were tested for various in-
secticidal substances at the Institute for Ecological
Chemistry and Waste Analysis, TU Braunschweig. Ex-
traction of 1000 ml samples was done by solid-phase
extraction with Cyg-columns (Bakerbond). The mea-
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surements were made with GC/ECD and confirmed
with GC/MS, with the following quantification lim-
its: parathion 0.01 pgI'l; fenvalerate, 0.05 pg I

In April there was a runoff event in the study
stream that produced a marked increase in peak dis-
charge but was not associated with pesticide contam-
ination (1st application in 1995: 28.04.95). The oth-
er three events both raised the peak discharge and in-
troduced large amounts of the insecticides fenvaler-
ate and parathion. As had been observed in other
years (SCHULZ in press), the contamination of the in-
vestigated stream always occurred at the runoff site
R1, above the sampling site 1. The level of contami-
nation was therefore expected to decrease progres-
sively at sites 1, 2 and 3 (Fig. 1). At site C no pesti-
cide contamination was ever measurable. At four
sampling stations (Nos. 1 and 2 in the Ohebach, No.
3 in the Krummbach and site C in the small tribu-
tary), during the period from April 18 to July 8,
1995, four boxes (40 x 17 x 15 cm) containing or-
ganisms (30 4th and 5Sth instar larvae of Limnephilus
lunatus Curtis (Trichoptera) and 30 Gammarus pulex
L. (Amphipoda) > 6 mm) were installed in the
stream. The boxes floated with the upper third above
the water surface; the end walls were made of net-
ting (I mm mesh) so that the water could flow
through. Within each box were 100 g sand, two
stones (ca. 5 x 5 x 3 c¢m) and four water parsnip
plants (Berula erecta Coville) to provide materials for
constructing the larval cases and substrates for pupa-
tion, as well as food and shelter. As can be seen in
Table 2, important water quality parameters are com-
parable between sites and are within acceptable lim-
its, so that these parameters would not be expected
to have deleterious effects.

Table 1: Occurrence of runoff events in the 1995 study period.
In the right column are the peak contamination values
measured with automatic samplers (LIESS 1993) placed in the

Fig. 1

Schematic drawing to show the locations of the sampling
stations. R1 identifies the site at which runoff-related
insecticide inputs were observed. The circles indicate the
sites of the sampling stations, and the decrease in the black
area of the circles symbolizes the decreasing insecticide
contamination.

Site C is surrounded by pasture land and served as a control
with no insecticide contamination.

site C
O

pasture land

R1—b

100 m

stream between site 1 and site 2. At sampling site C no
insecticide substances were measured at any time during
the year.

Date Precipitation (mm d-1) Hourly peak discharge (I s°1) Pesticides in water samples
(between sampling sites 1 and 2)

19/20.04. 11.5 25.13 not quantifiable

2705 e 156 723 fenva|erate Gng |‘-1v .
parathion: 0.6 pg I'!

0105 ................................. 253 Y T 3790 .............................................. fenva|erate 33ug |1 _____________
parathion: 0.15 pg I!

0207 B 159 ..................................... 553 ............................................. fen\,a|erate 035 ”g |1 .............
parathion: 0.08 pg I!

mean* ];4.1.,214 _______________________________________ 588i47 ........................................... nthuannﬁable ..............

*mean values for the periods during the study in which no runoff event occurred.
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Fig. 2
Survival rate (x SD) of Limnephilus lunatus (above) and Gamma-
rus pulex (below) in the in situ bioassay. The arrows show the
times at which runoff-related pesticide inputs occurred. Open
symbols ((J, V, ) indicate significant (ANOVA, Fisher's PLSD;
p < 0.05) differences in the number of surviving test organisms
in comparison with the control (site C) at the same time.

Table 2: Mean and standard deviation of water quality
parameters during the study period. The values are derived

3 Results and discussion
3.1 Pesticide input and bioassay reaction

As can be seen from Table 1, during the investigation
period three runoff related insecticide input events
occured. Apart from these contamination peaks
which lasted only few hours, no insecticide contami-
nation was measureable in the stream water. Fig. 2
shows the numbers of L. lunatus und G. pulex sur-
viving at the various sites as the study progressed.
The arrows indicate the times at which insecticides
were introduced by runoff (Table 1). During the first
week of bioassay employment (April 18-25, 1995),
which was before the first insecticide application
(April 28, 1995), the number of test organisms de-
creased by as much as 35 %; this mortality was about
the same at all sampling stations. In this interval rain-
fall increased the turbidity of the water at all the
sites, with the result that sediment was deposited in
the boxes at a higher rate (Table 2). 1t is possible that
these higher rates of sediment deposition, in combi-
nation with increased stress, caused the observed
mortality immediately after beginning of the experi-
ment on April 18. Following the first insecticide in-
put (Table 1), the number of individuals of both
species declined sharply at the contaminated sites,
whereas at the control site there was no change in
the mortality rate. Because of the increased mortality
at this time (decrease by 30—-50 %), at the end of the
experiment significantly fewer (ANOVA, Fisher's
PLSD; p < 0.05) test organisms were present at the
contaminated sampling sites than at the control site.

from monthly measurements (deposition of sediments in the
cages was measured weekly).

Parameter site 1 site 2 site 3 site C
Nitrite (mg I7) 0.032+0.01 0.035 +0.02 0.045+0.01 0.032 +0.02
Ammonium (mg I") 0.005+0.01 0.002 +0.005 0.002 +0.005 0.002 +0.005
Nitrate (mg I1) 143177 13.7+4.8 9.4+3.1 10£3.5
Orthophosphate (mg I1) 0.04+0.04 0.05+0.05 0.15+0.03 0.05+0.03
Hardness (mg CaCO; I'') 391+14 360+6 519+49 39111
pH 7.9+0.6 8.1+0.1 8.2+0.2 7.9+0.2
Oxygen (mg I'1) 9.1+1.1 95+15 10.5+1.3 8.8+0.5
Temperature (°C) 105+2.2 1M11+24 11.7+26 11.8+2.1
Deposition of sediments (I wk)

18.04. — 25.04.% 1.75+0.1 1.81+0.2 1.95+0.2 1.64+0.2

23.05. — 31.05. ** 1.45+0.2 1.39+0.3 1.53+0.3 1.45+0.2

18.04. — 08.07.*** 1.12+0.3 1.25+0.3 1.35+£0.5 1.21+£0.2
*  during 1st week, runoff without contamination; ** during 1st runoff with insecticide contaminatiorﬁ;i o
*** mean values for the whole study period.
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Responses of both species to insecticide inputs had al-
ready been demonstrated in laboratory and field ex-
periments (LIESS & al. 1993, SCHULZ in press). L.
lunatus has been found to be comparatively sensitive
(LIESS & SCHULZ 1996, SCHULZ & LIESS 1995),
whereas G. pulex is quite common in agricultural
streams, including those in the region under study,
despite severe contamination (LIESS 1993). However,
mortality responses of G. pulex as a result of severe
carbofuran contamination have been documented by
in situ bioassay (MATTHIESEN & al. 1995). CRANE
& al. (1995) suggested that the mortality of G. pulex
they measured by in situ bioassay in agricultural
streams was caused by pesticides, but were unable to
demonstrate contamination analytically. Because the
sediment deposition rates during this period (May
23-31) were no different at the control site than at
sites 1, 2 and 3 (Table 2), the influence of sediment
on the differential mortality at this time must have
been negligible. It follows that the runoff-related in-
secticide input on May 27 (Table 1) is a likely cause
of the elevated mortality. The insecticides were mea-
sured both in the runoff collector R1, positioned be-
tween cultivated ground and the stream, and in the
runoff-triggered water sampler between sites 1 and 2.
The crucial significance of pesticide contamination in
the runoff, in comparison to hydraulic effects of the
water influx, has been established both experimental-
ly (LIESS 1995) and in field studies (SCHULZ 1994).
It follows that the in situ bioassay used in this study
may be a helpful tool for the detection of short-term
pesticide input events. Otherwise, a reliable measure-
ment of short-term pesticide pollution needs a con-
siderable technical and financial effort.

3.2 Reaction along the longitudinal gradient

Since several studies have demonstrated that flowing
water becomes progressively less contaminated with
increasing distance downstream from the site of pes-
ticide introduction (SIBLEY & al. 1991, SUNDARAM
1991), the levels of contamination in the stream un-
der study presumably varied in the order site 1 > site
2 > site 3. Fig. 3 shows the decrease in number of
the two test species at the time of the first insecticide
input, between the 23rd and the 31st of May, in or-
der of increasing distance between sampling site and
input site. For both species, the decrease was greatest
at the closest site and became smaller further away.
Mortality in comparison to the control site was signif-
icantly higher at all three test sites in the case of L.
lunatus and at the upper two sites in the case of G.
pulex (ANOVA, Fisher's PLSD; p < 0.01). The reduc-
tion of the biotic effects with increasing distance
downstream might possibly be due to reduction of
the effective concentration of the pesticide. For in-
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Fig. 3

Decrease in number of individuals (95 % confidence
interval) of L. Junatus (left) and G. pulex (right) along the
study stream during the period of the first insecticide input,
from May 23 to May 31. Differences between the letters
above adjoining columns denote significant differences
(ANOVA, Fisher's PLSD; p< 0.01) in the amount of reduction at
the associated sampling sites.

stance, it has been suggested that pesticides may be
adsorbed to solid particles (HILL 1989), and their
concentration may be diluted by the influx of uncont-
aminated water (WILLIAMS & al. 1995). In either
case, a likely result would be that near the input site
the contamination is brief but intense, whereas or-
ganisms further downstream are exposed to lower
concentrations for a longer time (DENDY 1983). In-
vestigations of the toxicity of heavy metals or pesti-
cides presented with a constant product of concentra-
tion & time have shown that brief exposure to high
concentrations has stronger effects (ABEL 1980, MC-
CAHON & PASCOE 1991, SCHULZ 1995). In the
present example, toxicity was distinctly diminished
over a distance of about 2000 m along the stream,
but still was well above the negligible toxicity at the
control site. The decline in the biological response
provides further evidence that the factor responsible
for the mortality was something that became progres-
sively less effective downstream, such as insecticide
contamination. SIBLEY & al. (1991) artificially pollut-
ed a stream with permethrin (16 pg I'!) and found
that the number of species was reduced by 47 % at a
position 100 m below the input site, but only by 17 %
at a distance of 230 m. The present results do not
conclusively establish the distance downstream at
which a pesticide input remains effective. However,
the marked mortality at site 3 implies that when in-
secticides are introduced to relatively small streams,
it is entirely possible for the aquatic community to be
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negatively affected as far as a few kilometers away
from the input site. On the other hand, precautionary
measures (e.g. buffer zones) for a reduction of non-
point-source pesticide input seems to be most impor-
tant at the upper first kilometers. These informations
may be of great importance for a cost-effective plan-
ning of water quality management in agricultural re-
gions.
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