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FOREWORD

The importance of soil and water quality to agriculture and
fisheries is self-evident. Soil and water ecosystems have a certain
capacity to accept and degrade agrochemical residues. It is generally
the microflora which determines this capacity. The residues can affect
critical microbial processes such as heterotrophic activity, algal
primary production, nitrification, and nitrogen fixation. Many methods
have been developed to measure the fate and effects of these chemicals
in the systems. Isotopic labelling is an essential tool in this meas-
uring. Tracers are used not only to estimate the fate and conversion
of the chemicals but also to measure by labelled substrate techniques
their impact on the biota. The present document illustrates these
different aspects. Pew measuring techniques have, however, found general
acceptance. The great variety in methods hampers obtaining comparable
data. The report stresses the need to seek more uniformity in method-
ology for estimating agrochemical residue - biota interactions in soil
and aquatic ecosystems. This is a progress report containing short
communications or abstracts of the papers presented at the second meeting
of the Joint PAO/IAEA Coordinated research programmes on agrochemical
residue — biota interactions in soil and aquatic ecosystems. The Simon
Fraser University, Burnaby, B.C,, Canada, hosted the meeting. Financial
support from the Swedish International Development Authority (SIDA) is
acknowledged.

Dr. Robert Kokke of the Joint FAO/IAEA Division of Isotope and Radia-
tion Applications of Atomic Energy for Food and Agricultural Development
acted as Scientific Secretary to the meeting, prepared the report and
edited the communications. It is expected that the document will be use-
ful to agriculturists, environmentalists, microbiologists, limnologists,
etc. concerned with pesticide residues throughout the world.
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1. COMMUNICATIONS

CHEMICAL CONTROL OF BLACK PLIES IN LARGE RIVERS AS AN IMPACT IN
AGROCHEMICAL RESIDUE-BIOTA INTERACTIONS IN WATER ECOSYSTEMS

W.O. Häufe
Animal Parasitology Section, Agriculture Canada
Lethbridge, Alberta, Canada TU 4B1

livestock losses have been an obstacle to economic development of
the farming and livestock industry in more northerly areas of Canada until
two species of black fly, Simulium arcticum and Ju^ luggeri. outbreaks are
controlled effectively. The problem is complicated by its association
with an abundance of large rivers and streams. Since effective control
of black flies is presently limited to reduction of their breeding sources
in flowing water, the managers of Canadian inland waters have been
concerned about any major practice of using pesticides as black fly
larvicides. Consequently, Canadian inland waters have been subject to
continuous monitoring of major drainage systems with special attention
to the chlorinated hydrocarbon insecticides. The latest status of residues
was published from a Canadian Survey of 333 sampling locations between
1972 and 1975 (Table l).
The detection of methoxychlor (l,l,l-trichloro-2,2-di-(4-methoxyphenyl) ethane)
in only 7 of $160 samples reflects the present geographic restriction of
methoxychlor in control of black flies.

The hazards of pesticidal treatment of rivers in 'terms of toxic con-
centrations for non-target taxa is primarily associated with injection. The
problem in rivers with large volumes of discharge is to disperse pesticidal
concentrates within reduced mixing times. The effective dose is an amount
that provides a uniform concentration of 0.3 ppm in a slug of river discharge
and an exposure of 7»5 ">in f°r any point in the downstream course of the river.
The hazard for the aquatic ecosystem is associated with the time and distance
downstream required for the pesticide to reach uniform mixing with water in
the slug.



Table 1 - Chlorinated Hydrocarbon Insecticides in Raw Water
Canadian Survey - 1972 to 1975

(333 Sampling Locations)

Insecticide

Aldrin
Chlordane
DDT (plus derivatives)
Dieldrin
Endosulphan
Endrin
Heptachlor
Heptachlor epoxide
Lindane
Methoxychlor

Low
value(yg/L)
<0.001
<0.005
<0.005
<0.001
<0.003
<0.005
<0.005
<0.005
<0.001
<0.012

High
value(yg/L)
0.37
0
3.24
0.11
0.03
1.30
0.58
0.007
0.31
0.03

Average
value
(yg/L)
0.016
0
0.074
0.038
0.007
0.017
0.02
0.005
0.003
0.014

Samples
Number above
detection

limit

71
0
407
35
28
237
69
137
748
7

Totalnumber

3160
3160
3160
3160
3160
3160
3160
3160
3160
3160

River ecosystems are highly dynamic within limitations imposed by
hydraulic conditions of flowing water. A three-dimensional model of con-
centration with time was designed for portability between large river systems.
A hydraulic model is essential for any quantitative study of an ecosystem and
environmental conditions in flowing water.

Larviciding techniques are designed to take advantage of adsorption
of the pesticide on suspended particles to provide a natural 'particulate
formulation* that results in selective effect for black flies as well as
long distance carry for effective control. Treatments utilize above-normal
rates of river discharge to maximize the washload in water as the vehicle
for the pesticide. Depending on velocity of flow and type of river bed,
a treatment may be effective for more than 250 km.

Integrated sampling and analyses of the river system indicates that
methoxychlor, once dissociated from the formulation, adsorbs to particulate
and organic material with which it remains associated or is translocated
until finally degraded. This distribution is undoubtedly related to the
extremely low solubility of methoxychlor in pure water (0.1 mg/litre).
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Thus concentration of methoxychlor in pure water of treated rivers poses
no serious problem of residues after the emulsible formulation of the
injected material has broken down. Residues in the suspended partioulate
material remain associated with the washload of the river or are deposited
in sinks in the river bed. The residues in sinks are subject to variable
rates of river discharge so that they are resuspended and translocated
intermittently downstrean from temporary sinks. The most variable residue
levels of methoxychlor were found in the bedload of the river immediately
after treatment.

Overall loss of methoxychlor from the river system occurs through
loss to the static bed, degradation (biological and chemical), and desorp-
tion at non-detectable levels from particulate material into the water.
Residues do not persist in river bed material. No determinable residues
(above 0.1 ppb) could be detected in bedload or static bed 17 months after
3 successive years of experimental treatment in any part of the river
system. This included the ultimate sink in the delta and lake for all
materials moved by the scouring action of the river.

Major concerns for fish included toxicity during exposure to
larvicidal treatment, trophic interference in food chains supporting the
fish population, and objectionable accumulation of residues in fish tissues.
The dose in water treatment was generally more than 1 order of magnitude
below the toxic concentration for fish. Caged fish confined to the treated
slug during the mixing phase exhibited no toxic effects. No residues in
tissues of exposed fish exceeded 7 ppn as the tolerance level set for meats
in humam consumption. Sampled fish suffered no deprivation of food as an
indication of serious interference with the food chain.

Invertebrates are chemoreceptively sensitive to even sublethal
concentrations of methoxychlor and the density of drifting organisms
increases dramatically with the arrival of the leading edge of the treated
slug. Time series sampling to bracket the passage of a treated slug shows
that drift densities return to normal within a few hours.

On the basis of the results of the integrated research programme
on the Athabasca River, methoxychlor was registered in 1979 for specified
abatement operations on the Athabasca and Saskatchewan Rivers. With the
verification of the 3-dimensional hydraulic model of methoxychlor treat-
ments it will be possible to extend abatement programs to other large
rivers such as the Peace without additional experimental programs.
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The Athabasca Black Fly Program defined sane important areas for
more precise research on development and behaviour of pesticides to
improve their application and environmental acceptability in aquatic eco-
systems. These areas of R & D are defined not so much in terms of new
problems, but rather in more effective application of research and
technology to achieve efficiency and accountable use of pesticides through
a better understanding of ecosystems.

1) To a great extent, pollution by agrochemicals is a result of wasteful
application and use. This became obvious when the studies were con-
ducted within a hydrauli« model of the river. More effective integra-
tion of engineering principles with ecological research would not only
improve the economic use of pesticides, but also contribute to a better
understanding of aquatic ecosystems. For example, a delivery system
for 3-difflensional mixing in river treatments eliminates the wasteful
use of methoxychlor and also reduces the major temporary hazard to
invertebrates in the mixing phase of river treatments.

2) The chemical formulation of methoxychlor used in the research program
was a formulation available for general agricultural purposes other
than river treatment. Formulation for specific purposes within the
context of ecological chemistry and river hydraulics is another con-
sideration with high potential in reducing the impact of residue—biota
interactions in aquatic ecosystems.

3) There is a critical need for methods to measure the trophic status of
invertebrate taxa in aquatic ecosystems and its importance in food
chains. Because of this basic deficiency, criteria for chemical residue-
biota interaction essential for quality and accountability of chemical
pest control in aquatic environments, as experienced in the Athabasca
Research Program, are virtually non-existent.

A better understanding of trophic relations as a basis for monitoring
pesticide residue-biota interactions in aquatic ecosystems, and for better
accountability in patterns of pesticide use, has created the need for
meaningful methods or approaches to develop criteria for environmental
acceptability of pesticide use. As a possible line of approach in devel-
oping methods of measuring side-effects induced by agrochemical residues
in aquatic ecosystems, we have designed some computerized programs to take
advantage of the very large data bank on the Athabasca ecosystem to study
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distribution of invertebrate taxa in greater detail. The concept is that
balance in ecosystems is expressed by log—series relationships in the
distribution of taxa and populations. We are applying an extension of this
principle as a possible criterion to determine whether a perturbation in
the environment, such as that caused by the presence of a pesticide, causes
any measurable variation from a state of balance among taxa in an aquatic
ecosystem. The analyses are being designed to study ecosystems at two levels,
One is at the phylogenetic level to provide a measure of change in diversity.
The other is at the population level to provide a measure of change in the
taxonomic distribution of numbers within populations to represent effects on
standing crop and trophic relations.
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LABELLED SUBSTRATE ASSAYS OP ANTICHOLINESTERASE ACTIVITY IN HUNGARIAN
WATER BODIES

L. Horvâth
Institute of Isotopes of the Hungarian Academy of Sciences
Budapest, Hungary

At Budapest the River Danube divides into two branches. The left
branch called Soroksâr-Danube is regulated by locks. The water level
fluctuation on this quasi lake is only 50-60 cm. Along the 57 km long
branch there are big industries, intensive agricultural areas and holiday
resorts. The water is used among others for irrigation, for fishponds and
for water sport. The pesticides applied on the neighbouring arable land
and the insecticides used for mosquito controlling may pollute the water.
Little is known about the fate of insecticides in water and about their
impact on the aquatic biota. In June 1978 a monitoring programme of
cholinesterase inhibiting pesticide residues was launched on a section
of River Danube near to Budapest. Important purpose of the investigations
was to test the labelled substrate enzyme inhibition assay as monitoring
method for pesticide residues.

Along the river sixteen sampling points have been marked out.
Water samples (one litre) were collected at each site within hand reach
of the bank. The bottles were conveyed to the laboratory and the assays
were carried out the following day. The enzymic method utilizing H-acetyl-
choline for the determination of pesticide residues applied in this prog-
ramme was described by Johnson and Rüssel (1975)« Water samples (0.1 ml)
were pipetted without any kind of pretreatment into scintillation vials
containing 5 ul enzyme solutions (l.2 U acetylcholinesterase Koch-Light/ml)
and 50 ul buffer pH 7.0. Following 60 min incubation at 37°C Ĥ-acetyl-
choline chloride (O.Olmol/1, 1 Ci/mol) was added. The solution was
intensively mixed and incubated for 30 more minutes. The reaction was
stopped by adding 1 ml chloroacetate in HCl/NaCl buffer pH 2.5. Scintilla-
tion liquid 10 ml was then added and the released H-acetate dissolves in
the organic phase and was counted (Horvâth and Porster, 1980), Natural
cholinesterase activity was detected by the same procedure but without
addition of acetylcholinesterase.

Residue determinations are given in malathion equivalents, chosen
arbitrarily, to indicate inhibition of acetylcholinesterase activity of
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the sample equal to the inhibition caused by malathion residues in the
given concentration.

Survey of the data reveal no great differences among individual
sampling sites. Only two of sixteen sites show sometimes deviations. The
highest value found so far was 4 ppm (malathion units). Values were low
between June 1978 and February 1979« Higher residue levels were found
in 1979» Averages of the 16 samples are plotted in relation of time on
Pig. 1.

The determinations often resulted in negative figures beyond the
reasonable scattering around zero. The cause of the negative values is
the capacity of these natural water samples to hydrolyse acetylcholine.
Samples of various origin have various degrees of hydrolysing ability as
compared to distilled water. Filtration of water on Metricel Membrane
Filter 0.45 pn diet not reduce the hydrolysing capability of water but
addition of malathion and HgCl« reduced the hydrolysis rate. The release
rate of acetic acid increased with rising temperature up to 90°C but
prolonged boiling eliminates the hydrolysing capability.

nCi

6

5--

0--

-1

ppm mala t (on
NO»

6 7 8 9 10 11 12

1978

2 3 A 5 6 7 8 9 10 11 12

1979

1 2 3
»960

Figure 1 - Average values of anticholinesteratic residues
natural acetylcholine hydrolysing activity x - x,
and NOT concentration + - +.
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Prom September 1978 we also measured the acetylcholine hydrolysing
ability of the water samples. In Figure 1 is given the mean acetic acid
radioactivity released from H-acetylcholine per hour by the Danube water
samples. The activity of H—acetic acid released in distilled water was
always substracted as background. The release rate is high during the
period when no pesticide residues were found. Unfortunately during autumn
1979 we were not able to measure because of the defect of the LSC. It would
have been very convincing if the high values of natural enzymic activity of
the 1978 autumn had appeared again.

Water samples collected on 20 February 1979 were spiked with
malathion and the decrease of anticholinesterase activity was determined
in the course of time. The mean anti—cholinesterase half—life was found
to be 3 hours. On 26 June 1979 "the half-life of the anti-cholinesterase
activity was estimated to be 10 hours.

The pesticide residue monitoring continued during the past
22 months revealed significant levels of residues in some of the samples.
From July 1978 to February 1979 practically no residues were found. In
1979 the residue level showed rising tendency. Wegman and Grève (1978)
investigating the pesticide residues in Rhine River from 19&9 to 1975
reported cholinesterase inhibitors in all investigated samples. However,
residue determination carried out in laboratories of the Ministry of Agri-
culture revealed no organophosphorus of carbamate insecticide residues in
Hungarian water bodies. This might be due to the delay between sample
collection and the assay procedure which allows the residues to degrade
to an undetectable level.

The short life time of anticholinesteratic residues dissolved in
water gives rise to the question how is it possible to detect residues for
weeks. The explanation could be that considerable part of the residues is
bound to solid particles and to sediments in water. The dynamics of
absorption and desorption and the speed of degradation of bound residues
is quite a complex question. The pH values (8.0 to 8.3) measured in the
water samples are high enough to contribute to the degradation of the
pesticide. These values are, however, practically the same at every
sampling site, also where different anticholinesterase residue levels were
detected. As shown in Figure 1, there is apparently no relation between
nitrate concentrations and anticholinesterase activity.
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FATE AND BEHAVIOUR OP THE ORGANOPHOSPHORUS INSECTICIDE ACEPHATE IN WATERS
AND SEDIMENTS OP COASTAL BRITISH COLUMBIA LAKES

L.J. ALBRIGHT
Department of Biological Sciences, Simon Fraser University, Burnaby, B.C. Canada

In 1979 a major research investigation was initiated at Simon Fraser
University to study the fate, "behaviour and effects of one of the newer organo-

/p\phosphorus insecticides acephate (Orthene v ' ; OS-dimethyl acetylphosphorami-
dothioate) within aid upon a relatively large aquatic ecosystem, a coastal
British Columbia lake. The integrated field and laboratory study has specific
objectives which are as follows: i) To evaluate the biological, physical and chemical
factors influencing acephate persistence and transformations under laboratory
conditions with particular attention to the acephate-to-methamidophos conversion
in a number of vertebrate and invertebrate non—target organisms and in aquatic
model systems, ii) To evaluate the toxic and long-term sublethal effects of
acephate on aquatic organisms maintained under controlled laboratory conditions,
iii) To ascertain the extent of transformation and accumulation of acephate in
lakes and streams and to determine its effects on energy flow and species diversity
in natural systems.

Field studies will be conducted on two lakes chosen from a number of small
(A 5 ha) ones which contain indigenous trout populations. Considerable effort
will be required to develop adequate base line data on these lakes before acephate
treatment of one lake. This is an essential though frequently ignored consideration.

Partitioning of acephate between the liquid and solid phases (i.e. water,
sediment, detritus and microorganisms) was determined by removing undisturbed
sediment cores with the overlying water columns (total length of ca. l m) from
the lakes during the winter, spring, summer and fall. The surface of the water
columns was treated with acephate at levels likely to be found in nature following
treatment of a forested watershed (10 Jig/ml or less). Most of the added acephate
had accumulated at or near the air-water and sediment-water interfaces with a
penetration into sediment of approximately 10 cm. Of the 10 jig/ml acephate added
8.33 Jig/ml or ca. 83$ was recovered after 55 days during which the column was
incubated at 4 C it
surface sediments.
incubated at 4 C in the dark. The metabolite methamidophos was found only in
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100 ml portions of winter (January) lake water were contained in 300 ml
bottles and treated with 10 p.g/ml of acephate and incubated at 15 C in the dark.
The degradation rates of acephate in autoclaved and non-autoclaved water were
approximately the same, i.e. an acephate half life of ca. 312 days. When substrate
(glucose or glutamate - 100 mg/ml) was added to several bottles at day 42
degradation in the non-autoclaved bottles accelerated. In sediment samples treated
with acephate (10 pg/g sediment) and incubated at 15 C in the dark the autoclaved
half life was ca. 333 days, and the non-̂ autoclaved half life was ca. 115 days.

The bacterial content of the water at the time of sampling was 1.3 x 10•j
cells/ml (as determined by epifluorescent microscopy) and ca. 6.0 x 10 /ml at
the time the experiment was terminated. The experiments indicate that- even

•7levels of 10 active cells per ml of lake water may not readily degrade acephate.
Accordingly a major emphasis of the coming year's experiments will be on determining
threshold values of bacterial biomasses and activities at which in situ lake water
degradation of acephate will occur.
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ISOTOPE TRACER METHODS FOR INVESTIGATIONS OP NITROGEN DEFICIENCY
IN CASTLE LAKE, CALIFORNIA

R.P. AXLER and C.R. GOLDMAN
Division of Environmental Studies, Institute of Ecology,
University of California, Davis, California 95616, USA

Castle Lake is a subalpine lake located in northern California.
Thermal stratification is well developed soon after ice-thaw and persists
until fall overturn. The epilimnion during the major portion of the growing
season (mid-June to mid-September) is characterized by relatively constant
temperature and depth (19Ï3 C, 5i2m respectively), high transparency
(M = 0.21 m~ ), low phytoplankton productivity (»"3 mg G m hr~ at midday),
and low levels of dissolved inorganic nitrogen (<5 »g N 1~ ) and phosphorus

T^ *
(<1 |ig P 1~ )• Nitrogen-fixing algae are not present in the water column
and nutrient inputs derived from precipitation and surface inflow are
generally negligible by early July.

Experimental procedures have been developed to determine the
nutritional condition of natural populations of algae and to predict their
growth response to increased levels of nutrients. Previous studies con-
ducted at Castle Lake suggested that phytoplankton growth could be limited
by low levels of dissolved inorganic nitrogen during the summer growing
season. H C0~, NH/i» «oTi axi/^ N0~ were used to determine the rates
of inorganic carbon and nitrogen uptake by the natural phytoplankton
community and their response to nitrogen enrichment. All water samples
were collected from the mid-epilimnion of the central lake basin.

The bioassay techniques, using isotope-labelled substrates, were:
1. Long-term CO« uptake in the light: Water samples were

filtered (80 a) to remove Zooplankton, spiked with H CO", and then
—1distributed into 500 ml flasks. Nutrient additions (50 ug N 1~ or

5 jig Mo l"~ ) were then made in triplicate and the flasks resuspended in
the lake at the sampling depth. Subsamples were removed daily, filtered
onto 0.45 p membrane filters, and the accumulated radioactivity counted.

2. Short-term C0? uptake in the light: In these experiments,
water samples were preincubated with nutrients, in situ, for 16-24 hours
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in large glass bottles. Each treatment was then subsampled into 3—5
smaller (125 ml) bottles which were inoculated with H C0~ and incubated
i_n situ for 4 hours at midday. Subsequent sample processing was identical
to that of the long— term experiments.

3. Short-term CO* uptake in the dark: This procedure was reported
to be an indicator of nitrogen deficiency in algae by Morris e^ al. (l97l)
and Yentsch et al. (1977)« Enhanced uptake of inorganic carbon in the dark
as a response to ammonium enrichment (80-400 jig N 1~" ) was assumed to reflect
an increase in carboxylation reactions associated with an increased rate of
ammonium assimilation. Ammonium and H CO, were added simultaneously and
the water samples allowed to incubate for 6—8 hours at the sampling
temperature. Additional treatments with the specific nitrification inhibitor
N-serve were used to control for contributions of nitrifying bacteria to
dark-CO- uptake (see Gersberg et al., 1980 ).

t£ «•*• OTOTM

4. Ammonium uptake in the dark: Fitzgerald (19̂ 9) proposed a bio-
assay for J3— deficiency based on enhanced maximum NH,— uptake in the dark by
nitrogen deficient algae relative to algae grown with an adequate supply
of nitrogen. The experiment was conducted by enriching water samples with
50 ug N l" (as NH^) relative to controls (N-deficient) which contained
<5 jig (Nut'-Ur) 1~ , and then preincubating both sets in situ for 24 hours.
The water was then apportioned into darkened 1 litre bottles and 70 fig
(15NHt-N) I"1 added to the controls, and 20 <jig(15Mj-N) l"1 to the 14MHt-
enriched samples. The incubations were terminated after 6 hours by filtering
the particulate material onto precombusted GF/C filters. * The levels of
ammonium addition were chosen so that N- uptake rates would be maximal
(substrate saturated) and so that no differences in ammonium concentration
would occur between treatments during the -^N incubations. The methods
used for analyzing the N̂ filters are fully described in Axler et al.
(1980) and Axler (1979).

5. Ammonium and nitrate uptake in the light: These experiments
can be considered to be bioassays for determining limitations of nitrogen
uptake due to low substrate concentration (Dugdale, 1967). Serial addi-
tions of either ̂ NHt or 1̂ NO~ in the range of 2-50 jig ^N 1~ were made
to 1 or 2 litre water samples which were then incubated in situ for
24 hours. We also used differences in the maximum rate of -'NO" uptake
as a function of molybdenum and ammonium enrichments, relative to un—
amended controls, to examine the role these nutrients play in the assimila-
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tion of nitrate by phytoplankton. The effect of added nitrate on the short-
term rate of nitrate uptake was determined using the radiotracer H. The
10 minute half—life precluded in—lake studies, but allowed rate determina-
tions during time intervals of a few minutes (Gersberg ert â L., 1978;
Axler, 1979).

The results (see Axler and Goldman, in press) indicated that the
phytoplankton were nitrogen deficient throughout the growing season. The
N and N studies demonstrated that ammonium uptake was rate-limited by

the external concentration of ammonium and that nitrate uptake was regulated
by the availability of nitrate and molybdenum, and potentially by the
assimilation of ammonium (Bioassay—5). Nitrogen deficiency was also
indicated by increased uptake of NH. and H CO" in the dark in response
to ammonium additions (Bioassays-3 and -4). Although N-enrichment enhanced
C- photosynthesis in short-term experiments during the early portion of

the growing season, the photosynthetic response was initially negative
during midseason, and a positive response did not occur until 2-3 days had
elapsed. This suggests that a lack of stimulation, or even inhibition, of
inorganic carbon uptake upon nitrogen enrichment does not necessarily pre-
clude W-deficiency and therefore, interpretation of these data (Bioassays-1
and —2) must take into consideration the duration of the experiment.
Healey (1973) reviewed much of the literature regarding algal nutrient
deficiencies and suggested that a short term suppression of inorganic carbon
fixation might be expected upon readdition of a limiting nutrient. Competi-
tion for ATP or reductant between the inorganic carbon and nitrogen assimila-
tion processes would temporarily favour N—assimilation until the nitrogen
deficit is relieved, after which enhanced growth would occur.

It is concluded that in many aquatic ecosystems chemical analyses
of the nutrient content of the water and the seston can offer considerable
insight toward the identification of algal nutrient deficiency (Healey, 1978).
However, in unproductive systems such as Castle Lake, the interpretation of
these data is difficult because ambient concentrations of dissolved nutrients
are near detection limits (e.g. NO~-N, M̂ -Nr PO~3-P) and because algal bio-
mass and nutrient content are not easily differentiated from the detrital
component of the suspended particulate matter. In these systems, it is
the rate of supply of biologically available nutrients which ultimately
controls ecosystem production (Dugdale, 1967) and therefore, it is necessary
to estimate both rates of regeneration and rates of uptake for the nutrient
in question in order to evaluate its importance to algal growth.
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In Castle Lake, we have used the isotopes C, •)'St and N in order
to evaluate the relative importance of N0~ and NH. to phytoplankton growth
and to determine the factors which regulate their availability for biological
assimilation. There still appears to be no failsafe assay for identifying
algal growth limitation by nitrogen. Dependence on uniparameter bioassays
is certainly much more likely to yield erroneous interpretations of the
results than a multiparameter approach (Arneson, 1979)» In particular, a
neutral or even negative response of CO. uptake to E-enrichment in short-
term experiments does not necessarily preclude a nitrogen deficiency. The
results of short-term and long-term experiments are likely to answer different
questions, and are subject to different types of valid criticism.
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CARBON METABOLISM IN LAKE STEINHUDER MEER

D. Ernst
Institut für Biophysik, Technische Universität Hannover
D-3000 Hannover, Federal Republic of Germany

Lake Steinhuder Meer is the largest lake in the Northern German
plain. It is very shallow (average 1.35 m deep), highly productive and
turbid due to a layer of loose sediments rich in organic matter (Ernst
ert al., 1980). It is an important recreational site, natural resort and
still remarkable fishing area. It is fed by 2/3 from subsoil waters and
by 1/3 by. rain.

The response of the water body to increased nutrient load is
investigated by enrichment experiments using plastic bags. Water in
plastic bags is in contact with the atmosphere but is separated from the
bottom sediment. Hence this technique may also give information about
the roles of the sediment and the atmosphere in lake metabolism.
Plasticisers may influencée the experiment and mechanical damage may restrict
the life-time of the facility. After several trials with polyethylene
foils we now use a re-enforced PVC-foil. The material (Beneflex L) stands
the wave movement for several weeks. Since Steinhuder Meer is not strat-
ified we just pump the water into the bag. The water volume in the
container is determined by a water clock.

The C-*jethod for primary production measurement has been used
(Steenmann—Nielsen, 1952; Vollenweider, 1974). We use exposure times of
3-4 hours. At longer times the bottle effect introduces remarkable errors:
a control exposure of 12 hours yielded only 3/4 of the turnover of three
successive 4-hour-exposures. 4C-activities of 0.3-0.5 |zCi (per 100 ml
bottle) have been used. The filters [Sartorius SM 11106, 23 mm ̂
(cellulose acetate)] are counted wet (Wallen and Geen, 1968) by liquid
scintillation technique. The most important chemical and metereological
parameters (total P, Nf inorganic G, pH, conductivity, temperature of
water and air, wind-velocity and -direction, global radiation, underwater
light, turbidity) have been determined.

The determination of dissolved inorganic carbon (DIG) usually
causing the most prominent error in this type of experiments was determined
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by a modified "p and m-value" method (titration at pH 8.2 and another value
which is individually determined for each sample according to its conduct-
ivity) (Golterman and Clymo, 1969). The error in DIC-determination could
be reduced to about 5$i 'the total errors sum up to 25$ for absolute and
for relative determinations.

The results of annual productivity measurements and of other
important parameters are shown in Table 1.

Table 1; Measurements in Lake Steinhuder Meer (1975 and. 1976)

o ^ ~\Primary production (g G m a )
Primary production rate (at 1m)
(g G m"3, d"1)

NCL-concentration (g N m )
PCf,~~- concentration (g P m )

306 resp. 280

average 1.0 resp. 1.8
maximum 4«0

1.7 resp. 2.1

0.052 " 0.063

It is clear that Steinhuder Meer has to be rated polytrophic.
Particularly the production data show an enormous turnover. Due to its
shallowness, the 0,, saturation always stays around 100$. The mid-summer
peaks of pH correspond to the primary production peaks and are an outcome
of carbonate exploitation« It should be noted that an analysis of the
subsoil inflow which provides more than one half of the water is not avail-
able.

Some data of the C-raetabolism are balanced over the year. By primary
1 9 1production 230 g C/m (300 g G m~ ,a~ ) are fixed. The out-flow carries

7.2$ of this carbon away (DIG: 2$, particulate inorganic carbon: 0$, dis-
solved organic carbon: 3.6$, particulate organic carbon: 1.6$). Rain should
import only insignificant amounts of carbon. The input of organic material
from the reed belt has been found to be negligible. Usually C0? is taken
up from the atmosphere except in a few winter months (1974-75 October/
January, 1975-76 December/March, 1976-77 November/January) when the flow
is reversed. In the tank and thus separated from the bottom sediments, but
still in contact with the atmosphere the DIC-concentration decreases rela—
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tively to the open water. By comparing the variation in DIG with the
primary production one can estimate what part of the consumed DIG is
derived from the atmosphere: e.g. 37$ (September 1977), 10% (April 1978)
and 2>&fo (May 1979)» This means that about one "third of the carbonate
demand, at least during the summer months, is supplied by the atmosphere.
The rest originates largely from mineralization of suspended matter,
particularly in the upper layers of the sediment. This view is supported
by the observation that during a storm, stirring the upper sediment layer,
the DIG concentration increased from 3.2 to 4.2 mg Cl~ and pH from 10.1
to 9*7. During the summer months calcium carbonate is precipitated
(l975: April to October, 1976: May to October), but during the winter
apparently redissolved. The interstitial water of the sediment is always
acid enough to prevent precipitation. Thus an accumulation of inorganic
carbonate in the sediments can be ruled out. There is a seasonal maximum
of DIG in fall either due to an increase of minéralisation over fixation
or to a change in underground carbonate supply. This increase accounts
for 4% of the annual production.
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AN INTEGRATED STUDY OP LABELLED CONTAMINANT OR SUBSTRATE-BIOLOGICAL
SPECIES INTERACTION IN AQUACULTURE

A.3. Perry1', A. Gasith1' and A. Halevy 2'
1) Tel-Aviv University, George S. Wise Faculty of Life Sciences,

Institute for Nature Conservation Research, Tel—Aviv, Israel
2) Pish and Aquaculture Research Station, Dor, Israel

The first 3 years of the study were devoted to field experimentation
on the fate of a non-persistent widely used pesticide (parathion) in a fish
pond ecosystem and its impact on the food— chain organisms from algae to
fish. During this period the effects of a single application of parathion
were evaluated. The results of these experiments revealed that although
certain biotic components of the community were adversely affected the
overall effect on the biotic structure and function was short-lived. The
system was characterized by a rapid recovery (Gasith and Perry, 1980 ). The
current research was undertaken to evaluate the impact on the aquatic food-
chain organisms of repeated applications of parathion at approximately
weekly intervals,

The experiments were carried out in the Pish and Aquaculture Research
2Station at Dor, Israel, in 400 m fish ponds. The pends were filled in

May 1979 and. stocked with approximately equal numbers and biomass of fish
consisting of Carp, Silver carp and Tilapia. The higher initial number of
Carp and Tilapia in the treated ponds was later adjusted by the removal of
fish for residue analysis. Two ponds were treated with parathion (47 «6%
e.c.) at regular intervals and a third pond served as control. The experi-
mental design 'of parathion introduction is shown in the following table:
Table 1

Pond

A-10

A-ll
A-12

DATES OP INTRODUCTION: 12.6.1979
Grams

20
20

none

21.6.
of parathion

20
10

1.7
(a.i

20
10

6.7.
. ) /pond

20
10

Analysis of the fate and impact of parathion on the aquatic ecosystem
is based on measurements of:
1. Parathion residues in water, algae, Zooplankton and fish;
2. Limnological conditions: temperature, dissolved oxygen, pH, conductivity,

secchi transparency; and
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3. Biological components: algal biomass, Zooplankton biomass, fish survival
and growth.

Prior to the introduction of parathion the 3 ponds were characterized
by rich insect fauna, mainly of aquatic bugs, and by scarcity of Zooplankton.
The first introduction of parathion resulted in a massive die off of insects
(followed by a dramatic increase in Zooplankton biomass and a reduction in
algal biomass). The chronic exposure to parathion orevented the quick
recover?/ of the ecosystem. This was apparent mainly by the scarcity of
insects, the higher Zooplankton biomass and firequent fluctuation in the algal
biomass of the treated ponds as compared with the control.

Apparently, the chronic exposure of the fish to sublethal concentrations
of parathion did not affect their survival but reduced their growth rate. The
exposure of Tilapia to sublethal parathion levels resulted in a severe stress
which was evident by a temporary loss of equilibrium response following any
physical disturbance of the system. This stress lasted for a few days after
each parathion introduction. Nevertheless, the Tilapia grew and reproduced
equally well in the treated and the untreated ponds during the entire experi-
mental period. The higher concentration of parathion in pond A-10 proved to
be lethal to a portion of the young Tilapia population which hatched in the
treated ponds. The experimental ponds were allowed to recover following the
last parathion application on July 6, 1979» The extent and rate of recovery
was evaluated by weekly observations for a period of 4-6 weeks.

At the initiation of the experiment in early summer all 3 ponds showed
similar limnological characteristics. As the experiment progressed the effect
of parathion on the biota was reflected in conditions in the pond such as
oxygen regime (a reflection of the dynamics of algal biomass) and, in turn,
pH and secchi transparency. It may be noted at the end of the experimental
period that in spite of the significantly lower algal biomass in the control
pond as compared with the treated ponds (reflected by the lower chlorophyll
content) the secohi transparency was lower. This is probably due to the
higher fish biomass in the control pond and the impact of fish activity
on the resuspension of bottom sediments. As to be expected the experi-
mental fish ponds showed marked daily fluctuations in dissolved oxygen,
a phenomenon which is characteristic of eutrophic aquatic systems. As
found in our previous experiments the dynamics of parathion residue in
the water of the eutrophic fish ponds was characterized by a rapid
exponential disappearance of the toxicant. The data show no clear cut
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correlation between the ajnount of paratmon introduced and the residue
level in the water. In this connection the significance of pesticide
sorption onto particulate matter (bound residues) should not be under-
estimated. Parathion residues in zooplanictori ranged from 0.2 to 1.6 ppm
with tne exception of two samples which yielded 3.4 and 17 ppm. These
values correspond to a 30—fold, and a 60—fold bioinagnification from the
expected concentration in the water. The higher level of parathion in
aquatic insects 2 hrs. after the introduction of parathion was 3«2 ppm,
found in mayflies and the lower 0.5 ppm in aquatic bugs. The maximum
parathion concentration in fish correlated with the quantity of parathion
introduced into each pond. Based on dry weignt the maximum paratmon
concentrations in Carp and Tilapia in ponds treated with 20 gm parathion
4 times were 21 and 11 ppm, respectively. In pond A-ll which was treated
once with 20 gm parathion and 3 times with 10 gm parathion tne residue
levels were 7.5 ppm for Carp and 3.4 ppm for lilapia. The general
dynamics of parathion residues in water and the biota is characterized
by rapid build-up followed by an exponential decline of parathion.
However, when the interval between applications was shortened to 5 days
there was not enough time for recovery of the system; consequently, the
Zooplankton continuously accumulated the toxicant. Unlike the single
exposure of parathion, multiple applications resulted in longer insta-
bility in certain components of the system as is reflected by the
dynamics of the algal biomass. The effect of low levels of parathion on
the upper trophic levels of the aquatic ecosystem is species dependent and
may result in a lower total biomass of certain fish species. This may be
of great significance to the fish grower. Given sufficient time between
applications of parathion (for example 3-4 weeks) eutrophic aquatic
systems can fully recover from low level exposures to the toxicant with
no signs of adverse effects.
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RESIDUES OP ORGANOCHLORINE PESTICIDES IN LAKE MARIUT
M.A.H. Saad1', M.M. Abu-Elamayem , A.B. El-Sebae2' and I.P. Sharaf2'
l) 2)'Department of Oceanography, Faculty of Science, 'Department of Plant Protec-
tion, Faculty of Agriculture, Alexandria University, Alexandria, Arab Republic
of Egypt

Lake Mariut, a brackish water lake adjoining the Mediterranean Coast of
Egypt, has suffered much from intensive pollution in recent years due to the
successive increase of human population and industry around it (Saad, 1980). The
occurrence and distribution of organochlorine pesticides in the water of Lake
Mariut during a period of one year were studied. This study represents an
essential part of a pilot project on pollution of Lake Mariut supported by IAEA.
The major organochlorine pesticides detected in the water of Lake Mariut were
Lindane, p, p*-DDE, o,p*-DDT and p, p'-DDT. The mean concentrations of these
pesticides were 2.091, 4.493» 0.009 and 0.134 ppb, respectively. The mean
concentration of the calculated total DDT (<£,DDT) was 5*1 PPb.

Lindane and p, pf—DDE were detected in all months of the study period.
However, p, pf-DDT was detected only in four months and o,p*-DDT in one month.
Higher concentrations of p,pl-DDE, consequently, ̂,DDT were obtained in January,
February and March 1979 (Figure l).
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Figure 1 — Seasonal variations of the average concentrations of
(solid line) and lindanc (dotted line) in the water of Lake
Mariut during 1978 - 1979»
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The higher mean concentrations of p,pf-DDE and £DDT found in stations in the
southern part of Lake Mariut are attributed to the direct effect of the drainage
waters from Umutn and Qala drains entering into the lake.

REFERENCE;

SAAD, M.A.H. 1980. Eutrophication of Lake Mariut, a heavily polluted
lake in Egypt. Panel Proceedings Series, IAEA, Vienna, STI/PUB/548,
153-163.

30



HEAVY METALS POLLUTION IF LAKE MARIUT

M.A.H. Saad, A.A.E. Ezzat, O.A. El-Rayis and H. Hafez
Oceanography Department, Faculty of Science, Alexandria University
Moharem Bey, Alexandria, Arab Republic of Egypt

The occurrence and distribution of heavy metals in the water of
the heavily polluted Lake Mariut (Egypt) during August 1978 to September
1979 as well as the accumulation of these metals in the different parts of
the common fish, Tilapia species, were studied. The study represents a
second part of a pilot project on pollution of Lake Mariut supported by
IAEA. The mean concentrations of the measured Zn, Gu, Fe, Mn and Cd in
the lake water were 10.9, 4.2, 19.1» 26.2 and 0.62 p.g/1, respectively.

Generally, considerable differences were found between the
monthly average concentrations of Fe and Mn, whereas no great differences
were observed for Zn, Cu and Cd (Table l). The variations in the con-
centrations of metals in the lake water are attributed to variations in
the discharge rate of the wastes entering into the lake. The lake can
be divided into two different water bodies, the western oxic waters and
the eastern anoxic waters. The concentrations of Zn, Cu, Fe and Mn in the
eastern waters were relatively higher than those in the western waters due
to the direct effects of the dumped wastes.

The mean concentrations of the heavy metals in the liver and
the stomach of Tilapia were markedly higher than those present in the
edible flesh parts of the fish.
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Table 1 — Monthly average values of heavy metals in lig/1 in the water of
Lake Mariut as well as average values for the Nile water

Months

August, 1978
September
October
November
December
January, 1979
February
March

April
May
June
July
August
September

Mean

**Nile

Zn

11.8
9.1
3.4 -
8.0
7.1
10.7
10.2
6.5
10.3
20.5 +
11.0
17.7
10.9
15.9
10.9

Average
Cu

3.7
3.0
2.1 -
3.0
2.2
4.6
4.3
3.3
4.2
4.0
5.2
6.2
5.4
7.7 +

4.2

1.5

c oncentrati ons
Pe

6.5 -
6.9
8.1
10.6
15.5
16.9
28.2
19.9
8.3
13.1
26.5
54.6 +
25.5
26.5

19.1

2.3

/ *in tig/1
Mn

1.3 -
3.0

2.5
10.8
48.6
61.5 +
24.9
57.0
—
—
—
—
—
—

26.2

0.5

Cd

1.14 +
0.71
0.62
0.80
0.36 -
0.71
0.43
0.47
0.43
0.54
0.37
0.73
0.83
0.60

0.62

0.47

Average concentrations calculated from the values of 8 stations
M,jt

Mean values of 35 determinations carried out in the water of Rosetta
Branch of the Nile (Saad and El-Rayis, in preparation)

N.B.: The minimum averages are designated by ( - ) and the maximum by ( + )
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PESTICIDE-BIOTA INTERACTIONS IS TROPICAL SOILS

N. Sethunathan, P.A. Wahid, T.R. Rao, T.K. Adhya, C. Ramakrishna, R.C. Ray,
S.S. Pal, K. Chendrayan, Sudhakar-Barik, K. Venkateswarlu, D.N. Nayak,
P.B.B.N. Charyulu, V.R. Rao
Laboratory of Soil Microbiology, Division of Soil Science and Microbiology,
Central Rice Research Institute, Cuttack-753006, India

Studies using radiotracer techniques and gas—liquid chromâtography
showed that instantaneous degradation of parathion, methyl parathion and
fenitrothion occurred upon their equilibration with soils pre—reduced by
flooding with water; amino analogues of the respective insecticides were
formed as major degradation products. Aminoparathion, formed in all
flooded soils, was further converted by dealkylation to desethyl amino-
parathion in flooded acid sulphate soils, but not in soils with low sulphate
content (Fig. l) unless supplemented with ferrous sulphate or other sulphate
salts. Also in a pure system hydrogen sulphide evolved by acidification
of sodium sulphide readily reacted with aminoparathion, and not parathion,
to form desethyl aminoparathion. This would implicate hydrogen sulphide,
the end product of anaerobic metabolism of sulphate, in the dealkylation
of aminoparathion in flooded acid sulphate soils. Anaerobic soils sorbed
less lindane than the oxidized soils. The biochemical transformations
and enzymatic activities in the soil, inhibited by the commonly used
pesticides such as hexachlorocyclohexane (HCH) and benomyl, include auto-
trophic nitrification, sulphur oxidation, sulphate reduction, iron reduc-
tion and rhodanese and dehydrogenase activities. Carbofuran inhibited
nitrite oxidation and, in contrast, stimulated ammonium oxidation in the
two—step autotrophic nitrification process. Nitrogen fixation by free-
living heterotrophic microorganisms in flooded soils was stimulated
considerably by carbofuran, benomyl and HCH ana was completely inhibited
by diazinon even at concentrations close to field application rates.

0 1 2 3 4 5 6
Retention time (min)

Flg. l Gas chromatograms of the products of reactions between :
1, parathion and prereduced laterite soil; 2, parathion and pre-
reduced acid sulphate (pokkali) soil; 3, aminoparathion and pre-
reduced pokkali soil; 4, aminoparathion and sodium iodide;
5, aminoparathion and hydrogen sulphide. A, aminoparathion;
P, parathion; B, desethyl aminoparathion. The soils were pre-
reduced by flooding for 60 d before equilibration with parathion (1

and 2) and aminoparathion (3).
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EFFECT OF BASALIN ON COWPEA RHIZOSPHERE

A. Balasubramanian and S.P. Palaniappan
Department of Agricultural Microbiology, Tamil Nadu Agricultural University

Coimbatore - 641 003, India

.Basalin (5-Propyl-B-(2-chloroethyl) 2,6 dinitro-4-trifluoro-
methyl aniline) is a selective pre-emergence herbicide used for the control
of common weeds in cultivated fields in India.

The dehydrogenase activity in a red loamy. soil and in cowpea
rhizosphere incorporated with various concentrations of Basalin viz.,
0 ppm, 2 ppm, 5 ppro and 10 ppm, over a period of 8 weeks incubation was
studied following the method of Klein eĵ  al. (1971 )• There was no
significant effect of Basalin on the dehydrogenase activity at the
recommended level of application, i.e. 2 ppm. However, there was reduction
in dehydrogenase activity at the higher levels of Basalin. This decrease in
dehydrogenase activity was found to be correlated with a decrease in bacterial
actinomycete and fungal plate counts.

The rhizobial population as determined by plate count method
(Pramer and Schmidt, 19̂ 5) was enhanced in the rhizosphere compared with the
non— rhizosphere soil (Table l). While the 2 ppm Basalin treatment did not
show any significant effect on the rhizobial population in the rhizosphere,
the 5 PPm and- 10 ppm treatment indicated an adverse effect on their numbers.

The herbicide affected the C-glucose oxidation of Rhizobium sg.
in the absence of other soil microflora in sterilized soil. The C-labelled
carbondioxide released was determined over a period of 15 days. The results
indicated that Basalin treatment inhibited the oxidation of glucose even
at 2 ppm level. Concentrations (5 and 10 ppm) of the herbicide inhibited
also the oxidation of acetate, pyruvate, citrate, succinate and fumarate by
Rhizobium in vitro.

Effects of Basalin on nodulation and nitrogen fixation in cowpea
plants was investigated. Seeds inoculated with the specific Rhizobium were
sown in well sieved garden soil containing the different concentrations of
the herbicide Basalin and were maintained under pot culture conditions.
Root nodule numbers and weight were scored by carefully pulling out the plants
at periodical intervals. The number of nodules and the nodule weights were
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considerably reduced in the plants grown in soils treated with 5 PPm
10 ppm levels of the herbicide (Table 2).

Table 1 — Effect of basalin on population of rhizobium in cowpea
rhizosphere

Plant
age
(weeks)

1
2
3
4
5
6
7
8

Rhizobium x 10 /g dry rhizosphere sample
Non-rhizo-
sphere
soil

5.3
7.3
6.6
6.3
7.3
6.6
5.3
6.3

0 ppm

7.6
15.0
21.0
26.6
33.3
36.6
46.6
40.0

2 ppm

8.6
17.0
22.3
25.3
33.3
36.6
40.0
36.6

5 PPm

7.0
11.6
15.6
21.0
24.3
25.6
29.6
22.3

10 ppm

5.6
8.6
9.0
9.6
12.0
17.3
21.3
14.6

Table 2 - Effect of basalin on nodulation in cowpea plants

Plant
age
(days)

30
45
60

0 ppm
Nodule
Ho/
plant

14.6
22.3
17.3

Nodule
Wt.mg/
plant

160.3
267.6
207.6

2
Nodule
No./
plant

13.6
20.3
15.0

ppm
Nodule
Wt.mg/
plant

183.6
223.3
180.6

5

No.

8.6
14.3
12.3

ppm

Wt.

68.6
115.6
103.0

10

No.

5.6
6.6
4.3

ppm

Wt.

39.6
34.3
21.6
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The influence of Basalin incorporated into the soil on C—
glucose translocation to the root nodules was studied in an experiment by
applying a known activity of C-glucose on the leaves of 30-day old
cowpea plants by "leaf smearing" technique. The root and nodule samples
were drawn after 48 hours of application and the C-radioactivity trans-
located to the root and nodules was determined. Translocation of the foliar
applied glucose was drastically reduced at 5 and 10 ppn> levels of the
herbicide.

The nitrogen fixation activity (nitrogenase activity) of cowpea
root nodules was determined in vitro by the acetylene reduction technique
(Koch and Evans, 1966). Root nodules were separated from the plants grown
to different ages. The nitrogenase activity was significantly reduced by
the 5 Ppm and 10 ppm herbicide treatments (Table 3)»

— Effect of basalin on nitrogenase activity of cowpea
root nodules

Plant age
(days)

30
45
60

Micromoles
0 ppm

42.8
37.1
28.3

Öl Cjfell2 i
2 ppm

41.4
37.0
30.8

, produced/g nodule/hr
5 ppm 10 ppm

24.9 19.4
21.7 16.2
17.1 11.4

Analysis of the dry matter of cowpea plants produced under
different herbicide treatments for their total nitrogen content (Micro
Kjeldahl method) revealed that the total nitrogen assimilation by the plants
was considerably reduced by the 5 and 10 ppm Basalin treatment of the soil
(Table 4).
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Table 4 - Effect of basal in on B-assimilation by cowpea plants

Plant age
(days)

30
45
60

Total
0 ppm

2.0
2.5
2.4

N content
2 ppm

2.1
2.6
2.4

g/100 g dry
5 ppm

1.6
1.6
1.4

matter
10 ppm

0.9
1.4
1.3

HEFEREHCES
KLein, D.A., Lohn T.C., Goulding R»L. 1971. A rapid procedure to evaluate

the dehydrogenase activity of soils low in organic matter.
Soil Biol. Biochem. ̂  (4) 385-387.

Koch, B. and Evans, H.J. 1966. Reduction of acetylene to ethylene by
soybean root nodules. PI. Physiol 4JL, 1748-1749.

Pramer, D. and Schmidt, E.L. 1965. Experimental Soil Microbiology.
Burgess Publ. Cy.f Minneapolis, MDJN., p. 107.
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INTERACTIONS BETWEEN AGRICULTURAL CHEMICALS AND THE SOIL MICRO-
FLORA AND THEIR EFFECTS ON 14C-PARATHION METABOLISM IN CRANBERRY SOILS*

I.G. Ferris and E.P. Lichtenstein
Department of Entomology, University of Wisconsin, Madison,
Wisconsin 53706, USA

The fate of C-parathion in a loam and "cranberry soil" was investi-
gated utilizing a closed system to enable monitoring of CO« evolution,
and to obtain a total C balance. Soils were treated with C-
parathion at rates equivalent to about 3 ppm and incubated at 23 - 2°C.
After 3 weeks of soil incubation differences in the persistence of
C-parathion were évidents 16% of applied radiocarbon remained as

unchanged parathion in loam soil compared with only 4% in a cranberry
soil; conversely, C-degradation products amounted to 26% and 91% of
applied radiocarbon, respectively. Interactions were found to occur
between fungicides and the biodégradation of C—(ring)—parathion in
cranberry soil. Captafol (Difolatarr*7 inhibited the metabolism of
C—parathion. The inhibition was a linear function of the applied

captafol concentration with a no effect concentration of 1 ppm. On the
other hand, 100 ppm of Manzateo'(maneb) or Benlatê  (benomyl) altered
the pathway of C-parathion degradation in favour of bound C-residues.
In soil-free medium inoculated with cranberry soil microorganisms C-(ring)-
parathion was degraded within 4 days principally to volatile C—compounds
(presumably CO-). On the -contrary, no degradation of C-parathion
occurred in an inoculated medium that also contained a 100-ppm benomyl
suspension, apparently benomyl inhibited the hydrolysis/oxidation of
C-parathion. Soil amendments of 100 ppm nitrogen (N) as (NH.)«SO.,

\u.or to a lesser extent KNO-, inhibited the metabolism of C-( ring)—parathion
to 14C02.

In summary, some agricultural chemicals have an effect on parathion-
degrading microorganisms resulting in an increase in bound C—residues
and an increased persistence of toxic parathion residues.

*J. Agr. Pood Cheau 28 (i960) 1011-1019
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ADSORPTION, PERSISTENCE AND DEGRADATION OP PESTICIDES IN BRAZILIAN SOILS.

INFLUENCE OP ORGANIC MATTER AND MICROBIAL ACTIVITY

E. Flores-Rttegg, M. De Andrea, R. Hirata and L.C» Luchini
Biological Institute, State Department of Agriculture, Sao Paulo, Brazil

Influence of repeated applications of parathion on a huraic gley soil
was studied. Results showed an increased rate of formation of C0? indicating
a more rapid breakdown of parathion after one, five and eleven months storage.
The enhanced degradation was shown to occur as a function of the period of
incubation, independent of the parathion treatments.

The effects of added fertilizer and carbon source on the persistence
of carbaryl was investigated in two types of soils. The addition of sucrose with
or without fertilizer increases degradation of carbaryl in a yellow red latossol
soil poor in organic matter but has little effect on the degradation in humic
gley soil rich in organic matter (Figure l).

The sorption from aqueous solution of four organochlorine, two organo-
phosphorus and one carbamate insecticide was determined in ten Brazilian soil
types. Measurements showed that soils richest in organic matter (13$) sorbed
all substances, except äldrin, more strongly than the other soils. DDT was the
most and aldrin the least sorbed organochlorine pesticide. Sorption of unions'
varied in different soils. Malathion and parathion were strongly sorbed in soils
rich in organic matter and weakly or moderately sorbed by the other soils.
Sorption of carbaryl by all soils is small. The time needed to reach an
equilibrium of lindane soil-sorbed and in solution increases with the period of
time the pesticide had been adsorbed to the soil.
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DEGRADATION OP PARATHION BY MICROORGANISMS PROM CRANBERRY BOGS*

G.W. Gorder and E.P. Lichtenstein
Department of Entomology, University of Wisconsin, Madison, Wisconsin 53706

U.S.A.

Oxygen concentration and different carbon sources drastically altered
parathion degradation in culture media inoculated with microorganisms from
Wisconsin cranberry (Vaccinium macrocarpon Ait.) growing soils. These
microorganisms also grew in basal salts media utilizing parathion as a
sole carbon source. CO« was produced only from phenyl-labelled parathion
while C— (ethyl)-parathion derived radiocarbon remained in the stale media
of the soil-free cultures. Addition of 0.05$ glucose to basal salts medium
inhibited Ĉ-(phenyl)—parathion degradation while the addition of 0.05$
yeast extract to basal salts medium also inhibited microbiological degrada-

14tion of the insecticide to CO«, but to a lesser extent. Aminoparathion
and aminoparaoxon were formed only in basal salts medium with 0.05$ yeast
extract. Aerobic cultures produced more CO- from C-(phenyl)-parathion
and less aminoparathion than anaerobic cultures. Aminoparathion was more
abundant in cultures with inocula obtained from the 18— to 23-cm layer than
with culture inocula obtained from the 0— to 5-<3m soil layer under both
aerobic and anaerobic conditions.

*Can. Jour, of Microbiol. 26 (1980) 475-481
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PATE OF 2,4-D RESIDUES IN TURKISH SOIL-PLANT ECOSYSTEMS

Q. ünal, K. Gfözek

Ankara Nuclear Research and Training Centre, Besevler, Ankara, Turkey

2,4-D is the most frequently used herbicide in Turkiah agriculture especially
in Middle Anatolia. Studies on the behaviour of 2,4-D in the soil-plant eco-
system is being carried out under laboratory and field conditions. Some
preliminary results are reported. After four weeks, recovery of radioactivity
in carbon dioxide, aceton extract and bound residue was averaged for various
soils: 20$, 15$ and 48$, respectively. Barley, wheat and oat grown for four
weeks on 2,4-D contaminated soil, contained from 0,6 up to 8$ of the radio-
activity applied.
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REPORT ON INFLUENCE OP PHYSICAL AND BIOLOGICAL SOIL PROCESSES ON N0~
FERTILIZER

D.E. Holston
University of California, Davis, California, USA

Denitrification of nitrate (N0~) fertilizer was simulated using a
mathematical model. The rate of denitrification was considered to be a
function of N0~ concentration, available carbon (C) concentration, degree
of soil-water saturation, and temperature. Available C concentrations
were calculated from initial amounts of soil C and additions of plant
residues or animal manure. The consumption of added C in the soil system
was assumed to occur in 2 or 3 stages with different rate constants for
each stage and C source. A Q,Q value of 2 was used in correcting denitrif
ication rate constants and C consumption constants at two temperatures.
Model simulations for denitrification were compared with measured N- and
N.O gas fluxes during nitrate leaching in field plots of Yolo soil at
different soil-water content, C additions, soil temperature, and irriga-
tion frequencies.

The rate of denitrification was calculated from: -

?f - k l* f W f T C W C N [1]

where G is the sum of denitrification gases (Ng+NgO), C_ is the concentra-
tion of NO", G is the concentration of water-soluble C, f„ is the water
function, f_ is the temperature function, £ is the bulk density, 6 is the
volumetric soil—water content, and k, is the first-order denitrification
rate constant. The water function f.. is an empirical relationship causing
denitrification to become essentially zero below S0% water saturation and
maximal at saturation where the diffusion of 0« is limited to diffusion
through water. The same denitrification rate constant was used for all
plots. The constant required to describe denitrification from plots cropped
with grass was approximately 3*6 times greater than that for the other plots
due to the effect of the root system in consuming 0. and in adding soluble
C to the soil.

A single denitrification rate constant (6 x lO^g soil day"
(ugC)"* ), was used in simulations. The necessary input data for simulating
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denitrification were provided (Rolston e£ aûL., 1978, 1980). Absolute
amounts and rates of denitrification on a Yolo loam field profile for
different soil-water contents, organic C sources, and soil temperatures,
were estimated by measuring the flux of gases at the soil surface from
the accumulation of N~0 and N_ beneath air tight covers placed over the

15soil surface for short intervals each day. High enrichments of ^N
fertilizer were used in order to measure the EL component of denitrifica-
tion. Rolston eĵ  al. (1980) also measured absolute amounts and rates of
denitrification from a cropped, Yolo loam soil maintained at three dif-
ferent irrigation frequencies and two levels of carbon incorporation.

Comparisons of the measured and calculated denitrification flux
as a function of time for six irrigation frequency plots during the summer
(23°) are given by Figure 1. The solid circles are measured values of
the N_ and 1SLO surface flux, and the solid line is the calculated
denitrification flux assuming first-order kinetics as derived by Eq.[l3«
The arrows at the top of the figure indicate when the irrigation was made.
The top and bottom sections of the figure are for plots without and with
added straw (10 MT/ha), respectively.

The sensitivity of denitrification to the soil-̂ ater function
makes it difficult to accurately simulate denitrification for field situa-

3 — 3tions. For instance, for differences in soil-water content of 0.01 cm cm
the calculated denitrification was different by approximately a factor of
two. Measured water contents in the field frequently vary by as much or
more than the - 0.01 cm cm . For a site adjacent to the plots of Rolston
£t><al. (1978) and those of this report, Simmons et al. (l980) measured
standard deviations of - 0»02 — 0.03 cm cm for 16 soil-water content
measurements (at one depth) from a 1 ha field.

Therefore, one would expect that denitrification would vary sub-
stantially from spot to spot in a field. In fact, the concept of microsites
as sites of denitrification requires that denitrification be sensitive to
the amount of soil water and the diffusion of 0« to zones of high micro—
bial activity.

Still reasonable agreement was found between measured rates and
total amounts of denitrification and those calculated by the model using
one denitrification constant for all plots.
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The potential effect of agrochemical residues on the denitrifica-
tion rate is not included in the equation. Preliminary experiments
(Rolston and Cervelli, 1980) and most literature studied indicate that
inhibitory effects of e.g. herbicides on denitrification occurs only at
levels higher than may be expected as residue.

REFERENCES

Rolston, D.E., Huffman, D.L. and Toy, D.W. 1978. Field measure-
ment of denitrificat:
Am. J., 42, 863-869.
ment of denitrification: I. Flux of N„ and NJD. Soil Soi. Soc.

Rolston, D.E., Cervelli, S. 1980. Denitrification as affected
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INFLUENCE OP PESTICIDES AND NITROGEN FERTILIZERS ON BACTERIAL ACTIVITIES
AND NITROGEN TRANSFORMATIONS IN SOME OF THE SOILS OF NORTH IRAQ

K.G. Shall and M.F.A. Khan
Department of Soil Science, College of Agriculture, University of Sulaimaniyah
Iraq

For the proper development of agriculture in North Iraq having a
mediterranean type of climate, soils of medium to below average fertility
and fruit/crop production mostly confined to hilly valley lands, the use of
fertilizers, insecticides and herbicides is being planned at maximum levels
for the years to come« The pesticides being used are dipterex (« chlorofos
» dimethyl 2,2,2-trichloro-1—hydroxyethyl phosphonate), benlate (» benomyl
• methyl N—[l-(butyl-carbomoyl)-2-benzimidazole] carbamate), mesurol
(» methiocarb = 4-n»ethylthio-3,5-*ylyl N-4Dethyl-carbamate) and topsin
(a thiophanate » 1,2-di—(3-ethoxycarbonyl—2-thioureido) benzene)*

Soil samples from 0-20 cm were collected from 10 places in North Iraq.
The samples (400 g) were incubated in plastic pots at 0.1 and 0.3 bar moisture,
Either dipterex, mesurol, benlate or topsin were applied at the rate of active
ingredient and either ammonium sulphate, ammonium nitrate and urea at the
rate of 20 mg N/100 g of soil. The pots were incubated for three months.
Sub-samples obtained after 30, 60 and 90 days were analysed for NH*-N,
NOp-N, NO~-N and total N. Total bacterial counts and respiration studies by
using 14c-glucose were also carried out. Soil analyses were made according
to Black (1965) and C—respirâtive studies according to Middleboe et al.
(1976).

The count of the bacteria was noted to be reduced in the beginning
but with the passage of time the effect was markedly modified. At the
moisture level equivalent to 0.1 bar, the effect of pesticides on soil
nitrogen was more pronounced than at 0.33 bar. All pesticides seemed to
have prominent effect on the process of nitrification as indicated by
accumulation of NHl"-N in the soil. The adverse effect on these processes
disappeared generally after 60 days of incubation and in some cases after
90 days of incubation. Pots receiving urea were more adversely affected
than those with other nitrogen sources, which may be due to the influence of
pesticides on both processes of -area hydrolysis and nitrification. Results
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are not clear with respect to the influence of the pesticides on the process
of nitrogen fixation or volatilization of nitrogen.

To sum up, the four pesticides used in the present part of the project
were benlate, a systemic fungicide, dipterex, an insecticide, topsin, another
fungicide used for seed treatment, and mesurol, an acaricide. Chemically they
were quite different being carbamate, organophosphates, etc. and thus they
differed in degradation pattern by the microbial entities. The present studies
showed that the soils of North Iraq reacted differently with these agrochemicals
under the conditions of the experiment, therefore, no blanket statement is
possible. In most cases, these pesticides at the rather high dose applied
caused an appreciably high level of biostatic effect.
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A COMPARATIVE STUDY OP THE PERSISTENCE, MOVEMENT AND METABOLISM OF
SIX INSECTICIDES IN SOILS AND PLANTS*

T,W. Fuhremann, and E.P, Lichtenstein
Department of Entomology, University of Wisconsin, Madison, Wisconsin 53706

U.S.A.

Two soil types and oat plants grown in these soils were incubated
under identical environmental conditions. The insecticides used in order
to increase the water solubility were C-DDT, C-lindane, C-fonofos,
C-parathion, C-phorate and C-carbofuran. Total amounts of C-

residues recovered from insecticide-treated loam soils plus oats grown in
these soils were similar with DDT and oarbofuran. They were also higher
than those observed with the other insecticides. While most of the C—DDT
residues remained in the soils, most of the C-carbofuran residues were
recovered from oat leaves in the form of carbofuran and 3—hydroxycarbofuran.
C—residues of all insecticides were more persistent in loam than in sandy

soil and sand—grown oats took up more C—insecticide residues than loam-
grown oats. The more water—soluble insecticides, C-phorate and C-
carbofuran were more mobile and were metabolized to a greater extent than
insecticides of lower water solubilities. Unextractable (bound) C—residues
in loam soil ranged from 2.8$ to 29.1$ of the applied doses of Ĉ-DDT and
C-parathion, respectively. Bound C-residues were lower in the sandy

soil than in the loam soil, however, plant-bound C-residues were higher
in oats grown in the sandy soil than in loam grown oats. Insecticide
metabolites recovered from soils and plants were identified and quantitated
whenever possible. The oxygen analog metabolites of the organophosphorus
insecticides were most abundant in the sandy soil and in oats grown therein.
Data illustrate the importance of chemical structure, water solubility and
soil type in predicting the comparative environmental behaviour of pesticides.

J. Agr. Pood Chem. 28 (i960) 446-452
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PATE OP CARBOPURAN AND INTERACTION WITH AGRICULTURAL CHEMICALS IN A

SOIL-CROP-WATER SYSTEM*

M. Koeppe and E.P, Lichtenstein
Department of Entomology, University of Wisconsin, Madison, Wisconsin 53706

U.S.A.

The fate, movement, and metabolism of C-(ring)-carbofuran and its
interaction with agricultural chemicals was studied in a soil-corn-water
system. Movement of carbofuran through soils occurred under both
percolating and non-percolating conditions. Under percolating conditions
49»13$ °f applied C leached through the soil into the aquaria. Thus,
less Ĉ-residues were recovered from percolated soils than from non-
percolated soils, 25.85 and 57.90$ of applied C, respectively. The con-
trol corn contained more than twice as much C-residues as the corn grown
under percolating conditions, 22.16 and 10.78$ of applied C, respectively.
C-(ring)-carbofuran residues added to aquaria containing a layer of lake

mud rapidly disappeared from the water and the majority became bound to the
lake mud or was metabolized by the Elodea plants to water—soluble or bound
C-residues. After 3 weeks incubation C-residues associated with the

water, lake mud, Elodea plants and guppies were 2.14, 19*17» 3«65» and
0.19$ of applied C, respectively. Initially, the percolated water con-
taining C-residues was toxic to both guppies and Aedes aegypti Linnaeus
larvae. However, guppies and Aedes larvae introduced after 9 days incuba-
tion survived for the remainder of the experiment. This indicated that
toxic C-residues had either degraded to non-toxic compounds or were no
longer associated with the water.

M,S. Thesis, University of Wisconsin, Madison, Wisconsin 53706, USA,
December 1979
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EFFECTS OP COVER CROPS ON THE MOVEMENT AND PATE OP SOIL-APPLIED
14C-FONOFOS IN A SOIL-PLANT-WATER MICROCOSM

T,T, Liang and E,P. Lichtenstein
Department of Entomology, University of Wisconsin, Madison, Wisconsin 53706

U.S.A.

The effects of corn plants or a "lawn" of ryegrass on the movement and
metabolism of soil-applied C-(ring)-fonofos were studied in a microcosm
which consisted of terrestrial and aquatic components. Artificial rain,
applied to the fallow or plant covered soils, resulted in runoff that accu-
mulated in aquaria containing lake bottom mud and aquatic organisms. The
presence and the type of a cover crop had a considerable effect on the
mobility and metabolism of soil—applied C—fonofos. The insecticide plus
its metabolites were least persistent in systems with fallow soils and most
persistent in those with ryegrass. Within the terrestrial soil C-compounds
moved downwards and were also translocated via the root systems into the
leaves of corn and ryegrass. Within the plant tops 86% of the recovered
benzene—soluble C-compounds were in the form of the detoxified methyl
phenyl sulfone and 2?o or less as fonofos. Rain caused a considerable runoff

14of fallow soil but much less of cropped soil into the aquaria. C-compounds
transported were primarily associated with the runoff soil and most of these
were later found in the soil—lake mud sediments. C—fonofos was the major
constituent in soils and aquatic sediments while the major metabolite
recovered from both the terrestrial and aquatic portion of the microcosm
was methyl phenyl sulfone, its amounts ranging from 13$ to 92$ of all
benzene—soluble radiocarbon. Relatively small amounts of the insecticidal
oxygen analog of fonofos were recovered, the exception being in roots of
corn and of ryegrass.

*J. Econ. Entom. 22 (i960) 204-210
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UPTAKE, METABOIISM ANC EFFECTS OP 14C-INSECTICIDES IN C AND C PLANTS UNDER
•3* 4

DIFFERENT ENVIRONMENTAL CONDITIONS

B.N. Anderegg and E.P. Lichtenstein

Department of Entomology, University of Wisconsin, Madison, Wisconsin 53706
U.S.A.

Various C.. and C. plants were grown in C-phorate-treated soil to study
14the water transpired, the C-insecticide taken up by these plants, and the

metabolism of the pesticide by plant tissues. The C, plants were found to
transpire less water and also take up less C—phorate residues from the soil
than the C^ plants. Of particular interest was the fact that Atriplex rosea

14 "°~""°~"~~(C.) took up less water and C-phorate residues than Atriplex patula (C,),
a closely related species in the same genus. The effects of temperature and
light intensity relative to the water transpired and C-phorate residues
accumulated by plants was studied in oats (Ĉ ), peas (C..), an corn (C.) grown
at 16 different temperature and light intensity combinations. While oats and
peas transpired larger quantities of water as temperature and light intensity
increased, this phenomenon was only seen in corn at the highest temperature and
light intensity combination of 28 C and 3000 ft-c. Similarly, oats and peas
took up larger quantities of C-phorate residues at higher temperatures and
light intensities, but an increase in that taken up by corn was only seen at
28°C and 3000 ft-c. While both light intensity and temperature had an effect
on the uptake of water and C—phorate residues by all three species, temperature
exerted a greater influence than light intensity. The water transpiration and
uptake of C-phorate residues were also measured in oat plants grown at 40,
70 and 95% relative humidity. As relative humidity increased, the uptake of
H,C—phorate residues and water decreased. Thus a direct correlation between
ater transpired and C—phorate uptake was seen in respoi

as well as to changes in light intensity and temperature.
water transpired and C—phorate uptake was seen in response to relative humidity

*
Manuscript in preparation
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EFFECTS OP NUTRIENT DEFICIENCIES IN CORN PLANTS ON THE IN VIVO

IN VITRO METABOLISM OF [14C] DIAZINON*

J.L. Kunstman and E.P. Lichtenstein

Department of Entomology, university of Wisconsin, Madison, Wisconsin 53706
U.S.A.

The effects of calcium, nitrogen, and magnesium deficiencies on the
penetration, translocation, and the in vivo and in vitro metabolism of the
insecticide [ ̂C] diazinon (diethyl-2—isopropyl-6-iaethyl-4-pyrimidinyl) in
corn plants were investigated« On a per gram fresh weight basis only roots
from nitrogen-deficient solutions contained less C while tops from plants
grown in calcium-deficient solutions contained nearly four times more radio-
carbon than those from complete nutrient solutions. Due to calcium or nitrogen
deficiencies a reduced degradation occurred in roots as indicated by the
relatively higher recoveries of diazinon and the lower recoveries of an
unidentified, more polar Ĉ-ring compound. No différencies in [ ̂G] diazinon
degradation due to nutrient deficiencies were noticeable with corn tops. The
metabolic activity of corn roots was due to a soluble enzyme. In studies
with subcellular components from roots, specific activities increased from
the hofflogenate (4.09/&/mg of protein) to the 105000 g supernatant (7»77$/J»g
of protein). Subcellular components from calcium-=deficient roots produced
significantly less water-soluble radiocarbon (sp act., 0.60) than did control
roots (sp act., 1.60), results similar to those observed with in vivo experi-
ments. However, the 10000 g supernatant from root material deficient in
nitrogen produced significantly more water—soluble radiocarbon (sp act., 2.85)
than subcellular fractions from control roots.

J. Agr. Food Chem. j|£ (1979) 770-774
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2. REPORT AND RECOMMENDATIONS

REPORT AND RECOMMENDATIONS

The second meeting of the SIDA-supported coordinated research
programme on agrochemical residue-biota interactions in soil and water
ecosystems was held at the Simon Fraser University, Burnaby, British
Columbia, Canada by generous invitation of the President of the
University» The meeting was a combined meeting of participants in two
PAO/IAEA coordinated research programmes: Coordinated programme of iso-
topic tracer-aided studies of agrochemical residue-soil biota inter-
actions, and Coordinated isotopic tracer-aided research and monitoring
programme on agricultural residue-biological interactions in aquatic
ecosystems. The meeting was held at Burnaby implementing a recommenda-
tion of the first combined meeting "to hold a meeting in a place where
advanced techniques would be demonstrated". Dr. L. Albright very
effectively conducted the demonstrations.

Sixteen Chief Scientific Investigators participating in the prog-
rammes were invited and twelve attended the meeting (seven of devel-
oping countries). All participants, three Canadian observers and the
Scientific Secretary communicated working papers. These carefully
prepared papers reflected the progress made and the problems encountered.
All papers were thoroughly discussed in an atmosphere of open scientific
deliberations during the general sessions. The excellent cooperation
among the participants within the programmes was repeatedly demonstrated
and it was noted that SIDA-supported scientific visits by Chief Scientific
Investigators of developing countries met urgent needs and affected
progress positively.

Some important considerations of the programme participants and
their recommendations made to the Secretariat follow below.
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Coordinated programme of isotopic tracer-aided studies of agrochemical
residue-soil biota interactions

The participants in the soil programme discussed the great variety of
techniques being used to investigate the fate and effects of agrochemical
residues in soil. Each participant had experience with a limited number of
these techniques. It would be advantageous to bring more uniformity into
the methods and thus make results more comparable on a global scale. This
could be achieved by conducting a common experiment in which all investi-
gators follow the same experimental design and use the same analytical
methods. Dr. Lichtenstein volunteered to draft such an experiment.

Coordinated isotopic tracer-aided research and monitoring programme on
agricultural residue-biological interactions in aquatic ecosystems

The participants agreed that because of the essential role of aquatic
ecosystems in agriculture, fisheries and environmental quality, there is
a critical need for standardized methods for the identification and control
of agrochemical residues. Specifically there is a need for (a) more
information on autotrophic and heterotrophic activity measurements,
(b) residue analysis in various components of the biota, (c) techniques of
estimating effects of anthropogenic chemicals on the biota. The water
group created subsections in these fields for which the following names
were mentioned: Drs. Albright, Ernst, Axler, Haufe; Saad, Axler, Ernst;
and Perry, Horvath, Lichtenstein for techniques for the subsections (a),
(b) and (c), respectively. The participants also noted that the many data
compiled often lack coherence and that extrapolation to other conditions
and environments, especially to the situation in the developing countries
is not well possible. The water group recommended that a common experiment
should be conducted using one or two agrochemicals and one indicated
procedure. It was suggested to hold two more meetings, preferably in
developing countries where the participants can observe regional problems
and conditions. It was also recommended that the soil and water programme
participants should continue to meet jointly.
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general discussion

It was noted that agrochemicals are used in increasing amounts all
over the world. To prevent potential harm to man and his environment,
more data about the fate of these chemicals and their impact on the
environment should be obtained. Although large amounts of these chemicals
are used on a 12-«&onth basis in many tropical and subtropical countries,
data pertaining to their fate in the environment were mostly obtained
by research in the temperate areas. It is, therefore, important to
conduct identical experiments in different climatic regions for compar-
ative purposes. For this comparison, researchers must use identical,
workable and preferably simple analytical methods for the identification
of residues, their metabolites and their effects in the soil and water
ecosystem. It was noted that the demonstrations of techniques were of
great interest to all participants in the programmes and that it would
be advantageous to give future meetings even more the character of a
workshop.

The exchange of information and ideas in this group helps to
clarify and define existing constraints and controversions regarding
analytical and monitoring methods. As a positive development was seen
that some laboratory experimental techniques were being applied to the
aquatic system itself (Albright, Ernst, Axler, Perry, Horvath). Also
in the soil a similar tendency was noticed (Lichtenstein, Rolston,
Flores-Rüegg, Dnal, Sethunathan). Still the variety and differences
in applied methods were considered too great. Moreover, it was noted
that despite many efforts some of the highly sensitive isotopic tracer-
aided methods are still in a phase of development and improvement.
Especially where methods were applied in developing countries some
unforeseen difficulties occurred. Attention was drawn to the remarkable
report on cholinesterase activity occurring in natural water bodies in
Hungary which interferes with the radiometric assay of anticholinesterase
activity.

It was considered that the great variety of isotopic tracer-aided
methods used were superimposing additional differences on the also
otherwise different experimental approaches. Due to these differences
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in methodology results are not easily comparable. It was, therefore,
concluded that in spite of the desirability of comparing data of dif-
ferent regions, as discussed above, no extrapolatable results could be
given. Although the estimation of the fate, degradation and effects
of the chemicals in various ecosystems may require different methods,
it is seen as one of the tasks of the present programmes to collect
experience which may lead to the recommendation to use particular radio-
isotopic tracer-aided methods in preference. The experience gained
hitherto should be exploited by the undertaking of common experiments.
These experiments should be as simple as possible and be carried out
by all participants of a programme along rigidly described procedures
with as far as possible overlap of methods of the water and the soil
programmes. The techniques chosen from the experience and more recent
literature, as e.g. reported by the Secretariat, should, if necessary,
be modified for the purpose so that it can be used by all Chief
Scientific Investigators.

Against this background the following recommendations were addressed
to the PAO/IAEA Secretariat: -
— The meeting being aware of the critical need for using standard

techniques to identify agrochemical—biota interactions essential
to the quality of agriculture, forestry and fishery ecosystems
recommended: -
(a) To undertake a common reference experiment (one in soil and one

in the aquatic ecosystem) using parathion;
(b) To extend the programmes for two years in order to allow extra-

polation of data to the situation in the tropical zone of the
world;

(c) To hold the next research coordination meeting in a country in
the tropical zone so that local problems can be better
appreciated.
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LIST OP INVESTIGATIONS UNDER THE COORDINATED RESEARCH PROGRAMME

Participants in the coordinated isotopic tracer-aided programme on agricultural residue - biological interactions in
aquatic ecosystems (W Programme) Initiated December, 1975» Approved for two year extension July, 1979«

NAHE INSTITUTE PROJECT TITLE COMMENCEMENT

Dr. L.J. Albright

Dr. D. Ernst

Prof. C.R. Goldman

Dr. L. Horvâth

Dr. D. Limpadanai

Dr. B. Mahbub

Dr. E. Marchiulioniene

Simon Fraser University
Burnaby, B.C. Canada

Institute for Biophysics
Technological University
Hannover, PRO

Institute of Ecology
University of California
Davis, California, USA
Institute of Isotopes
Hungarian Academy of Sciences
Budapest, Hungary
Department of Marine Sciences
Faculty of Science
Chulalongkorn University
Bangkok, Thailand
Hydrochemistry Branch
Institute of Hydraulic Engineering
Bandung, Indonesia

Institute of Botany of the
Academy of Sciences of the
Lithuanian SSR
Vilnius, USSR

Use of the heterotrophic activity 1976-08-01
technique for assaying effects of
nutrient and pollutant additions
upon the heterotrophic microbe of
natural water
Future response of surface waters 1975-12-15
to increase of eutrophication and
heat pollution as estimated by
primary production
Improved estimates of the nitrogen 1977-06-01
budget in aquatic ecosystems through
use of 13N
Persistence of organo-phosphorus 1976-07-01
pesticides in aquatic environments

Studies on the biological assimi- 1978-11-01
lation of organochlorine compounds
traced with radioactive isotopes

Primary productivity — ^C and 1979-05-15
algal assay in the study of pol-
lution effect on water quality of
Citarum river and Jatiluhur
reservoir
Study of radionuclides interaction 1977-01-01
with hydrophytocenosis



Prof. A. Perry

Dr. M.A.H. Saad

Prof. R. Sovljanski

Institute for Nature Conservation
Research
Tel Aviv University
Raraat Aviv, Israel
Faculty of Science
Department of Oceanography
Alexandria University
Alexandria, Arab Republic
of %ypt
Institute for Plant Protection
Faculty of Agriculture
Hbvi Sad, Yugoslavia

Integrated study of labelled con- 1976-07-01
taminant or substrate - biological
species interactions in a selected
aquatic ecosystem
Studies on agricultural residue 1978-03-01
(pesticides) - biological inter-
actions in Lake Mariut, a highly
polluted lake in Egypt

Interaction of pesticides and 1980-11-O1
micro—organisms in aquatic eco-
systems

Participants in the coordinated programme of isotopic tracer-aided studies of agrochemical residue - soil biota
interactions. (L Programme) Initiated July, 1977«
NAME INSTITUTE PROJECT TITLE COMMENCEMENT

Prof. A. Balasubramanian

Dr. E. Flores-Ruegg

Dr. S. Gill

Prof. E.P. Lichtenstein

Department of Biology
Tamil Nadu Agricultural
University
Coimbatore, India
Institute Biologico
Sao Paulo, Brazil

University Sains Malaysia
Penang, Malaysia

College of Agricultural and
Life Sciences
University of Wisconsin
Madison, Wisconsin, USA

Effect of pesticides on the meta- 1976-03-15
bolic activities of soil micro-
organisms

Persistence and degradation of 1978-03-01
pesticide residues in different
agricultural Brazilian soil re-
lated to biological activity
Degradation of N-methylcarbamates 1977-10-01
in the paddy field ecosystem of
Malaysia
Fate and persistence of Ĉ- 1977-06-28
pesticide residues in different
soils: effect of ̂ C-pesticide
contaminated run-off soil—water
on biological systems



Dr. H,E. Oberländer

Dr. G. Onal

Dr. D.E. Rolston

Prof. N, Sethunathan

Prof. K.G. Shall

Dr. A. Suess

Federal Experiment Station
for Agricultural Chemistry

Vienna, Austria

Nuclear Research Centre
Ankara, Turkey

Department of Land, Air and
Water Resources
University of California
Davis, California, USA
Laboratory of Soil Microbiology
Central Rice Research Institute
Cuttack, India

College of Agriculture
University of Sulaimaniya
Sulaimaniya, Iraq

Bavarian Institute for Agri-
culture
Munich, PRG

Isotopic tracer-aided studies 1981-01-01
on undesirable effects of heavy
metals in the soil-plant
system
Investigation of the behaviour 1978-03-01
of pesticides in soil environ-
ment by using isotope tracer tech-
nique
Measurement and prediction of soil 1978-04—01
biological processes resulting in
denitrification

Pesticide - soil microflora inter- 1977-10-01
actions in aquatic and soil environ-
ments with special emphasis to rice
and paddy ecosystems under conditions
of Indian agriculture
Pate of added nitrogen fertilizers 1977-10-01
in soils of North Iraq receiving
agrochemicals by using 15N-nitrogen
carriers and ^CUlabelled compounds
as substrate
Behaviour of pesticides and pesti- 1977-10-01
cide metabolites in soil and plants



4. LIST OF PARTICIPANTS

Prof. L.J. ALBRIGHT

Dr. A. BALASUBRAMANIAN

Prof. D. ERNST

Dr. E. FLORES-RUEGG

Dr. R. AXLER
(attending in place ofProf. c. GOLDMAN)
Dr. W.O. HÄUFE

Dr. L. HORVATH

Dr. R.W. KDBYLNYK

Department of Biological Sciences
Simon Fraser University
Burnaby, B.C.
Canada V5A 1S6
Department of Biology
Tamil Nadu Agricultural University
Agricultural College and Research Institute
Coimbatore 641 003
India
Institut fur Biophysik
Technische Universität Hannover
Herrenhäuserstrasse 2
D-3000 Hannover
Federal Republic of Germany
Instituto Biologico
Av. Cons. Rodriguez Alves 1252
Caixa Postal 7H9
01000 Sao Paulo, S.P.
Brazil
University of California
Division of Environmental Studies
Davis, California 95616
USA
Animal Parasitology Division
Agriculture Canada
Research Station
Lethbridge, Alberta
Canada T1K OE3
Institute of Isotopes of the Hungarian
Academy of Sciences

P.O. Box 77
H-1525 Budapest
Hungary
Pesticide Control Branch
Ministry of Environment
Province of British Columbia
Victoria, B.C.
Canada VBV 1X4

Prof. E.P. LICHTENSTEIN University of Wisconsin - Madison
Department of Entomology
237 Russell laboratories
1630 Linden Drive
Madison, Wisconsin 53706
USA
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Dr. G. ÖNAL

Dr. D.B. PEAKALL

Prof. A.S. PERRY

Prof. D.E. ROLSTON

Prof. M.A.H. SAAD

Dr. K.G. SHALI

Nuclear Chemistry Department
Ankara Nuclear Research Centre
Besevler, Ankara
Turkey

Wildlife Toxicology Division
Environment Management Service
Environment Canada
Ottawa, Ontario
Canada KLA OE7

Tel-Aviv university
Institute for Nature Conservation Research
Ramat-Aviv, Tel-Aviv
Israël

University of California
Department of Land, Air and Water Resources
Hoagland Hall
Davis, California 95616
USA
Faculty of Science
Oceanography Department
Alexandria University
Moharem Bey
Alexandria
Arab Republic of Egypt
College of Agriculture
University of Sulaimaniya
Sulaimaniya
Iraq

SCIENTIFIC SECRETARY

Dr. R. KDKKE Agrochemioals and Residues Section
Joint PAO/IAEA Division of Isotope and
Radiation Applications of Atomic Energy
for Pood and Agricultural Development

Wagramerstrasse 5
P.O. Box 100
A-1400 Vienna
Austria
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OBSERVERS

Dr. G. BELLS

Dr. J.H. GEEN
Dr. G. LANGLAIS
Dr. M. VALDES
Dr. I. VELJI
Dr. G. WILLIAMS

Simon Preiser University
Burnàby, B.C.
Canada V5A 1S6

PRESS
Ms. M. PARROW
Mr. D. PUGH

Reporter
Radio Canada International
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