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FOREWORD

In recent years, the public has become aware of the increasing

rate of contamination of environmental resources through increasing

use of agrochemicals for protecting crops, livestock and human health

against pest and disease attack. There is an urgent need to apply

all available scientific knowledge to finding out the nature of

harmful pollutants and their movement and fate in the environment.

Since 1969, the Joint FAO/IAEA Division has coordinated a wide range

of isotopic tracer-aided studies of trace contaminant problems.

The current programme emphasizes agrochemical residue - biota

interactions in terrestrial and aquatic ecosystems. Radiotracer

techniques and labelled substrate techniques have been developed and

applied to study and monitor the effects of trace contaminants in the

environment. In long-range studies of pollution phenomena, tracer

techniques have become an indispensable part of systemic research

into agro-ecological problems.

The Agency gratefully acknowledges the financial support of the

Swedish International Development Authority (SIDA), which made it

possible to undertake most of these studies in developing countries.
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1. COMMUNICATIONS

COMPARATIVE STUDIES OF THE NITROGEN
METABOLISM OF PHYTOPLANKTON AND
PERIPHYTON IN OLIGOTROPHIC LAKES

R.P. AXLER, C.R. GOLDMAN*, J.E. REUTER,
S.L. LOEB, J.C. PRISCU, R.G. CARLTON
Institute of Ecology and Division of Environmental Studies,
University of California,
Davies, California,
United States of America

Current limnological research at meso-oligotrophic Castle Lake, CA, and

ultraoligotrophic Lake Tahoe, CA-NEV, has emphasized the effects of nutrient

enrichment and deficiency on primary producers. Nitrogen availability, in

particular, has been shown to regulate rates of nitrogen uptake and primary

production during a major portion of the growing season (Goldman 1978, 1981,

Axler et al. 1981, 1982; Loeb and Reuter 1981). Beginning in 1980 the pro-

gram was expanded to include comparative studies of the N-metabolism of

benthic (eulittoral and sublittoral epilithic, and epipelic periphyton)

and planktonic (epilimnetic and hypolimnetic) algae, and whole-epilimnion

enrichments with NH4NO3 (+ 75 ,g N 1 1) at Castle Lake in order to more fully

delineate the effects of increased nitrogen loading on different algal com-

munities coexisting within the same lake.

Our experimental approach has been to:

1) intensively monitor in situ rates of primary productivity using

C02 in both planktonic and benthic communities;

2) compare and contrast strategies of N-utilization by planktonic

and benthic algae using NO3, NH4, and N2 (used to calibrate

the acetylene reduction assay for nitrogenase activity);

3) utilize C02, NH4, N 3, 3N2, and 1-, H- and N-labelled

organic compounds in a variety of physiological assays, the results

of which could then be compared to actual in-lake responses.

This report represents a preliminary presentation of data and analyses

resulting from research conducted in 1980 and 1981 together with an out-

line of our proposed investigations for the 1982 field season. Various

aspects of this work represent the thesis research of J. Reuter (in prep),

J. Priscu (1982), R. Carlton (1982) and J. Lane (in prep). We also grate-

fully acknowledge the help of J. Zehr, R. Hoenicke, and J. Lane in the

field and laboratory, and P. Arneson, E. deAmezaga, G. Malyj, and M. Smith

with data reduction and program administration.

* Research supported by NSF grant DEB-8019918 to C.R. Goldman.
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STUDY SITES AND METHODS

Castle Lake is a small (0.21 km ), deep (35 m) meso-oligotrophic lake

located at an elevation of 1706 m in a cirque basin in the Klamath mountains

of northern California. During most of the ice-free growing season (May/June-

October/November), it is optically deep (euphotic zone -25m, secchi depth

10-15 m) relative to its mixed layer depth (5-7 m). Lake Tahoe is a large

(499 km2), deep (501 m) ultraoligotrophic lake located at an elevation of

1898 m in a graben fault amid the Sierra Nevada mountains in California and

Nevada. The lake is extremely transparent (secchi depth 20-39 m) and, as for

Castle Lake, the euphotic zone is deep (-lOOm) relative to summertime mixed-

layer depth (-15-20 m). More complete descriptions of the Castle Lake and

Lake Tahoe watersheds and general limnological parameters can be found in

Kinmel and Goldiman (1977), de Amezaga et al. (1973), Goldman (1981), and Lceb

and Reuter (1981).

References for experimental procedures are listed below:

1) 14C assays in Goldman (1953, 1978), Axler and Goldman (1981), Loe--

(1981);

2) 15NH4 and 15N03 uotake kinetics in Axler et al. (1982) and Loeb and.

Reuter (1981) using mass spectrometry; in Priscu (1982) using emission

spectrometry;

3) 15N2-fixation and acetylene reduction assays in Loeb and Reuter (1981)

and Flett (1976);

4) DIN determinations in Axler et al. (1982).

RESULTS AND DISCUSSION

1. Strategies of N-utilization by algae in Castle Lake and Lake Tahoe

Both lakes are typically characterized by an influx of nitrate in the

spring associated with surface and groundwater inputs of snowmelt.

Precipitation-related inDuts of nitrate in the fall can also be significant

depending on the number and intensity of rainstorms which occur prior to the

accumulation of the snowpack (Leonard et al. 1979). Mixing of deep, aphotic

water containing relatively high levels of nitrate and ammonium (released

from anoxic sediments in late summer) during fall and spring overturn at

Castle Lake also contributes to the pool of dissolved inorganic nitrogen (DIN)

which exists in the euphotic zone at the beginning of the summer growing

season. Deep mixing of high-nitrate aphotic waters at Lake Tahoe is more

variable (the last complete mixing was in 1975), but even partial mixing

can represent a major source of nitrate to the euphotic zone in the spring.

As allochthonous inputs of nitrogen decrease in late spring, the pool of DIN

in the euphotic zone is depleted by algal uptake and levels of nitrate and

and ammonium remain low and near analytical levels of detection (<5 ugN £ 1)

for the remainder of the growing season.
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Our studies of N-cycling in Castle Lake have now delineated five distinct

communities of algae which coexist, but differ with regard to their sources of

available nitrogen. These are:

a) upper euphotic zone phytoplankton which have high affinity for low

levels of DIN;

b) lower euphotic zone (-0.5% surface light) phytoplankton which are

located immediately above higher-DIN, aphotic bottom waters and have

somewhat lower affinity for DIN;

c) sublittoral epilithic periphyton which have low affinity for DIN and

which depend primarily upon N2-fixation for their N-metabolism;

d) eulittoral (splash zone) epilithic periphyton, which lack the ability

to fix atmospheric N2, have relatively high affinity for DIN (with

respect to other periphyton) and depend primarily on external inputs of

nitrate via surface and groundwater discharge;

e) epipelic periphyton living on the surface of the bottom mud immediately

adjacent to the large pool of DIN in interstitial pore waters, which do

not fix N2 and have very low affinity for DIN.

Figure 1 presents a diagram of the pathways of dissolved nitrogen into

the algal biomass of these communities. It is important to note that this

diagram is not meant to completely describe all aspects of the nitrogen

cycle, but to focus on those processes which directly involve the flow of

soluble-N into algal biomass. The differences in nitrogen metabolism between

these communities relate primarily to their spatial distributions within the

lake with regard to available pools of nitrogen. Tables 1 and 2 summarize our

current understanding of the different strategies of N-utilization exhibited

by these communities and the factors which are most important in regulating

their uptake of nitrogen.

2. Experimental manipulations of the Castle Lake epilimnion

Beginning in 1980 the program was expanded to include whole-epilimnion

enrichments with NH4NO3 to more fully delineate the effects of increased

N-loading on different algal communities coexisting within the same lake.

Our central objectives were:

a) to corroborate past, present, and future studies of N-transformations

without artifacts due to artificial enclosure;

b) simulate increased nutrient loading from watershed disturbances with

regard to their effect on whole-lake primary production;

c) to compare and contrast the responses of the phytoplankton and peri-

phyton communities to increased nitrogen availability;

d) to provide a framework for evaluating a number of algal physiological

assays.
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The most fundamental difficulties associated with conducting an ecosystem

experiment involve both the lack of a suitable "control" to compare the treat-

ment with and the lack of replication. We have approached this problem in two

ways. The first is based on an analysis of historical data which distinguished

a period of relatively stable phytoplankton biomass and 14 C-primary productivity

in the epilimnion during a 4-5 week period in midsummer when routinely-measured

physical and chemical parameters are relatively constant (see Table 3). Con-

sequently, we spiked the lake at the midpoint of this "window" period in order

to use the pre-spike period as a control for post-spike algal responses. A

second approach was to use 1 m diameter by 9 m deep polyethylene tubes (-5000 

volume) to isolate two pre-spike water columns as controls. Two additional

tubes were set in place following the enrichment in order to evaluate "tube"

effects.

Although some of the data are not yet completely analyzed, we are able

to provide preliminary interpretations of our findings to date. Phytoplankton
14

rates of 14C-primary production in 1980 exhibited essentially no effect from

epilimnetic enrichment for a period of about 12 days, after which rates increased

by more than 300% (Figure 2). A variety of biomass estimators were also found

to increase dramatically, but only after an initial lag time of about 15-20

days (Figure 3). However, in 1981, a year in which midsummer 14C-phytoplankton

productivity was 400-500% higher than in 1980, rates of 14C-productivity

increased rapidly to a level approximately 60% above the pre-spike rate after

only one week. Large polyethylene tube enclosures containing pre-spike water

remained near pre-spike lake values during this period, and paralleled open-

lake rates of primary productivity for the duration of the experiment, although

at lower values. Replicate "N"-tubes tracked the lake with regard to DIN

concentrations for more than 20 days (until depletion), but did so for only

7-10 days with regard to 14C02-uptake (Figure 4). An obvious conclusion is

that large volume enclosures do not necessarily simulate open-lake production

processes for extended periods of time.

Chemical analyses from the 1981 experiment showed that ammonium and nitrate

depletion proceeded linearly with time (Figure 5) in accordance with low

half-saturation constants for Michaelis-Menten kinetics. Furthermore, nitrate

decreased at a rate of only about 60% of the ammonium depletion rate.

Although this preferential NH4-uptake is in general agreement with previous

studies (Axler et al. 1982, Priscu 1982), shorter term 15N and 13N experiments

had indicated that N03-uptake occurred at rates of only 1-5% of that for NH4.

This suggests that nitrate reductase activity was induced over a period of

days following whole-lake enrichment.

3. Current research plans

Although we now feel we have a good overall understanding of the functioning

of the nitrogen cycle in Castle Lake, we are still relatively ignorant with

regard to the potential importance of several of the transformations depicted

in Figure 1. In particular, we plan to investigate:

a) release of NH4 and DON derived from periphyton N2-fixation. These
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experiments will utilize the radiotracer 13N, as 13N14 N-N2, in concert

with HPLC techniques to quantitatively estimate leakage rates of fixed-N

into the water;

b) "biofiltration" of the upward flux of nitrate and ammonium from

high-DIN sediment pore water by epipelic periphyton. These will be

performed using 15N-labelled DIN in undisturbed core samples collected

by SCUBA;

c) mineralization of DON to NH4. The heterogeneity of compounds comprising

the DON pool poses numerous experimental problems. Therefore, we plan

to explore this process from several directions, including:

1. isotope dilution of 15NH4 by mineralized 14NH4, and

2. heterotrophic assays using 15 N-, 14C-, and 3H-labelled substrates

(e.g. glycine, glutamate);

d) competition for DIN between periphyton and phytoplankton by measuring

the depletion rates of added DIN in tube enclosures with and without

bottoms.
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Table 1. Summary of half-saturation constants ( Kt, assuming Michaelis- Menten kinetics) for

nitrate and ammonium uptake and principal sources of inorganic-N available for algal

communities in Castle Lake and Lake Tahoe.

ugN 1
COMMUNITY SOURCES OF DIN REFERENCE

Kt-NO 3 Kt-NH4

CASTLE:

epilimnetic phytoplankton 9-14 2-7 NO3 in spring; regenerated NH4 1,16

hypolimnetic phytoplankton

-20 m. 10-16 3-14 NO3 in spring; regenerated NH4 2,16

-25 m. 35-80 6-9 as above; diffusion of NO and 2,16
NH4 from aphotic bottom waters

eulittoral periphyton - 175 NO, in spring (surface/groundwater); 17
(epilithic, splash-zone) regenerated NH4

sublittoral periphyton - 315 2203 N2- fixation 17
(epilithic)

sublittoral periphyton 1000 1000 sediment porewater-DIN 5
(epipelic)

TAHOE:

eulittoral periphyton 162 - NO3 in spring (surface/groundwater) 17
(epilithic)

sublittoral periphyton 443 790 N2- fixation 15,17
(epilithic)

phytoplankton -- -- NOj in spring; regenerated NH4
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Table 2. Summary of factors which are most important in regulating nitrogen
uptake by algal communities in Castle Lake and Lake Tahoe.

CO'AMUNITY: N-UPTAKE REGULATED BY:

epilimnetic phytoplankton

hypolimnetic phytoplankton

eulittoral peiphyton

(epillthic)

sublittoral periphyton

(epilithic)

epipelic periphyton

(ooze)

1. snowmelt runoff/groundwater (NO3)

2. mineralization/excretion (NH4)

3. "other" nutrient cofactors (e.g. Mo and P

at Castle; Fe and P at Tahoe

1. as above (1-3)

2. spring mixing of NO3 at Fahoe

3. diffusive flux of DIN from aphotic waters

4. temperature

5. light (especially re N03-uptake)

1. as above (1-3)

2. "splash zone" turbulence

1.

2.

as above (1-3)

factors controlling nitrogenase activity

(N2-fixation), e.g. Mo, Fe, P, light, temp.

1. sediment interstitial water NO3 and NH4

2. sediment mineralization of organic-N

3. bioturbation by infauna
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Figure 1. Pathways of DIN into algal biomass in study lakes

Figure 1 Legend ( - : previous or ongoing studies)
Figure 1 - - -> ': proposed studies

1. Nitrate assimilation by phytoplankten

2. Ammonium assimilation by phytoplankton.

3. Mineralization of particulate-N to NH4 .

4. Mineralization of dissolved organic-N (DON) to NH4 .

5. Extracellular release of dissolved organic-N.

6. Incorporation of dissolved organic-N into particulate matter.

7. Nitrogen-fixation by epilithic periphyton.

8. Nitrate assimilation by epilithic periphyton.

9. Ammonium assimilation by epilithic periphyton.

10. Extracellular release of fixed-N2 as dissolved-N (NH; + DON).

11. Sediment-DIN (dissolved inorganic nitrogen) assimilation by epipelic periphyton.

12. Extracellular release of DON by eplpelic periphyton.

13. Release of nitrate and amm.onium from sediment interstitial water to the

overlying water.

14. Incorporation of sediment-DON into particulate matter.

15. Release of sediment-DON into the overlying water
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EFFECTS OF PARATHION ON THE ECOLOGY OF A EUTROPHIC
AQUATIC ECOSYSTEM: LIMNOCORRAL EXPERIMENT

A GASITH*, J.L. ALBRIGHT**, A.S. PERRY*, Y. MOZEL*
* Institute for Nature Conservation Research,

George S. Wise Faculty of Life Sciences,
Tel Aviv University,
Tel Aviv, Israel

** Department of Biological Sciences,
Simon Fraser University,
Burnaby, British Columbia,
Canada

ABSTRACT

Repetitive exposure of a eutrophic fish pond ecosystem, enclosed in limnocorrals

to 30 ppb parathion resulted in elimination of the potentially dominant zoo-

plankton species, Moina micrura. Consequently, the populations of the rotifers

Brachionus and Asplanchna markedly increased. Changes in the zooplankton

composition and-abundance were followed by increased fluctuations in phytoplankton

biomass, phytoplankton photosynthesis, plankton respiration and community metabolism.

Similar responses to parathion treatment were observed in previous studies under

fish pond conditions.

In the presence of fish the'effect-of parathion'on the ecosystem was

generally less pronounced-and-not-uniform;= The collapse of the-zooplankton

community and the rapid changes in limnological conditions in the control (untreated)

limnocorrals severely limited the duration of the experiment; The results suggest

that under eutrophic conditions, small'enclosures may be useful for evaluation

of the effect of toxicants on the ecosystem only in short term experiments with

short lived chemicals.

INTRODUCTION

A great deal of information is available on the effect of pesticides at

the organismic level, mostly under laboratory-controlled conditions (Brown

1978, Khan 1977 ). Information on the consequences emanating from

pesticides contamination at the community and ecosystem level under natural

conditions is wanting. One of the reasons for this is the difficulty of

experimental manipulation of natural aquatic ecosystems.
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This consideration prompted us to undertake a research programme in

which the fate of selected pesticides in the aquatic environment, their impact on

the aquatic biota and on the metabolism in the ecosystem will be evaluated under

conditions as close as possible to the natural environment.

In earlier experiments (Gasith and Perry 1980) 400 m2 fish ponds were used

as model aquatic systems. The experimental fishponds were large enough to re-

present a natural ecosystem of similar trophic conditions with regard to the

environmental factors and biotic components, and could be manipulated for pesticide

introduction. The fish pond system had an inherent practical limitation in prohibiting

the use of radioactive-labelled pesticides which could simplify the evaluation of

the fate of pesticides in the ecosystem.

The present investigation was designed to evaluate the effect of a short-

lived organophosphorus pesticide, parathion, on the population dynamics and activity

of bacteria, algae and zooplankton, under conditions of containment in relatively

small limnocorrals of 1.4 m3 capacity which were placed in the fish pond. The

advantage of using limnocorrals over a fish pond system is in the relative ease

of experimental manipulation and duplication. However, enclosures usually have

drawbacks in that they cause changes in the abiotic and biotic structure of the

ecosystem. Therefore, their use is limited for short term experiments only.

Hence, we initiated this study with limnocorrals to evaluate their usefulness in

short term ecosystem experiments with short-lived pesticides. If proved ecologically

sound, the utilization of small limnocorrals could facilitate the use of radioactive-

labelled pesticides in studies of eutrophic aquatic systems.

Materials and Methods

The experiment was carried out in 1.2 x 1.2 x 1.0 m limnocorrals anchored
in a fish pond (1000 m2) at the Dor Fish Research Station, Israel.

The experimental design was as follows:

Limnocorral Constituents of the Medium

Pond watera Fishb Parathion

1 +

2 +

3 + -

4 + +

5 + +

6 + +

7 + + +

8 + + 

a. Fishpond water containing all biotic components excluding fish

b. Each limnocorral contained 12 Tilapia (10-15 cm long) and 10 carp
(4-8 cm long).
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The limnocorrals were filled with fish pond water on the day of the initiation

of the experiment. The experiment lasted for 10 days. Parathion was introduced

on days 0; 3 and 6. On the 1st treatment 100 mg of ethyl-parathion (47.6%

emulsifiable concentrate, Machteshim, Beer-Sheva, Israel) was added to each

of the treated limnocorrals. On the 2nd and 3rd treatment half of the above

dose was added to each of the treated limnocorrals. The sampling frequency

of the experimental system was on days O; 1; 2; 3; 4; 7; and 10. The time of

sampling was always between 10:00 and 15:00 hours. Water samples for the

various analyses and bioassays were taken after thorough stirring of the water

in each limnocorral. At least 15 minutes were allowed for settling of the

heavy particulate matter prior to the sampling of water.

Parathion analysis: Duplicate water samples for determination of parathion

residue in the water were taken from mid-depth in each limnocorral with a

Van Dorn sampling bottle. The analytical procedure followed that described

by Gasith and Perry (1980).

Population dynamics: Changes in algal biomass were determined by following the

changes in chlorophyll a content. Chlorophyll a was measured spectrophoto-

metrically in duplicate samples following filtration of 100 ml on Whatmann GF/C

filters and extraction in absolute methanol (Marker 1972, Holm Hansen 1978).

The dynamics of the zooplankton population was determined by following

the changes in number and composition of the various species. A 2 liter sample

taken at mid-depth with a Van Dorn sampling bottle was seived through a 212

micron net. The entire sample was preserved and counted.

The dynamics and activity of the bacterial population are reported by

Albright et al. (this document).

Metabolism: The photosynthetic and respiratory activity of the plankton

community was evaluated by the light and dark bottle method (Vollenweider 1969).

Water samples taken at 10-30 cm depth and contained in 300 ml BOD bottles were

incubated for 2-3 hours. The light bottles were suspended at 10 cm depth in

each limnocorral respectively. The dark bottles were placed together in a

dark container submerged in the fish pond. Changes in the oxygen concentration

during the incubation period were measured with a polarographic electrode (YSI,

BOD probe).

Measurements of the midday in situ oxygen profile were taken for comparative

evaluation of the overall community metabolism. The oxygen profile was measured

with a polarographic oxygen electrode (YSI).

Measurements of the secchi disc transparency were used for comparative

evaluation of the changes in the content of suspended particulate matter and

the relative light conditions. At the end of the experiment the relative light

conditions as reflected by the secchi disc transparency were compared with direct

measurements of the vertical light attenuation taken by an underwater photometer

(LI-COR Model LI-185A).
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Results

The limnological characteristics of the water in the fish pond and the

experimental limnocorrals were typical of a highly eutrophic system in summer.

The midday temperature regime of the limnocorrals was similar to that of the

fish pond throughout the experimental period, within half a degree. The

overall midday temperature range varied between maximum of 32..8°C at the

surface and 28.0°C at the bottom (100 cm). The overall mid day pH range was

7.8-8.3.

The secchi disc transparency (SDT) in the fish pond and the limnocorrals

was typical of eutrophic systems. As shown in fig. 1 the SDT in the fish pond

was relatively constant over the experimental period (11 cm + 6%). In the

limnocorrals the SDT continuously increased with time (fig. 1). Within 24

hours of the initiation of the experiment the SDT in the untreated limnocorrals

devoid of fish (Nos. 1; 2) nearly doubled. In the other limnocorrals it

increased by about 50%. During the rest of the experimental period the SDT

was greatest in the parathion-treated, fish-free limnocorral.s (Nos. 3; 4).

During the second half of the experimental period the SDT was lowest in 3 of

the 4 limnocorrals containing fish.

Regression analysis of the results indicated a direct relationship between

the SDT and percent light transmission in the limnocorrals and the fish pond

(r = 0.99, n = 6). This result supports the assumption that SDT values may be

used for determination of the light conditions in the fish pond and the

limnocorrals.

Parathion residue in the water

~_ The residue concentration of parathion in the treated limnocorrals is

shown in table 1. The initial concentration of parathion after its introduction

averaged 25-30 ppb. In the interim periods between applications the concentration

of parathion in the water declined rapidly. Following each application the

parathion concentration in the water declinedto 40%, 11-21%, and 23% of the

initial concentration after the 1st, 2nd and 3rd introductions, respectively.

Zooplankton composition and dynamics

During the experimental period the zooplankton population in the fish pond

and in the limnocorrals consisted of 5 species, i.e. Moina micrura-(Cladocera)

Eucyclops serrulatus (Copepoda)Asplanchna brightwelli, Asplanchna priodonda and

Brachionus calyciflorus (Rotifera). The two Asplanchna species were placed

in a single category.

The composition and relative abundance of the zooplankton community in

the fish pond is shown in fig. 2. The dominant species throughtout the experi-

mental period was the cladocera M. micrura. Analysis of the number of individuals

per sample indicated a general increase of the zooplankton populations of each

of the four genera present during the first 2-3 days. Thereafter, the zooplankton

population declined with two of the genera (Eucyclops and Brachionus) disappearing

3 days later.
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In the parathion-free limnocorrals and in the absence or presence of fish

(Nos. 1; 2; and 5; 6 respectively) the population of the cladoceran species in-

creased by 4-10 fold within the first 24 hours (figs. 3; 4). During this period

the other genera completely disappeared. The resulting single species community

finally collapsed within 6 days in the limnocorrals devoid of fish (Nos. 1; 2),

and within 9 days in the presence of fish (Nos. 5; 6). The disappearance of

the cladoceran species in the latter coincided with reappearance of a rotifer

(Asplanchna) population. In the absence of fish none of the zooplankton species

reappeared till the end of the experiment.

Treatment with parathion resulted in a population decline-of the cladoceran

species and a sharp increase in the rotifers populations within 24 hours, either

in the absence or in the presence of fish (limnocorrals 3; 4 and 7; 8-respectively,

figs. 3; 4). Whereas in the absence of fish the population of the cladoceran

species was completely eliminated within 24 hours of the first parathion treat-

ment, in the presence of fish it responded differently; In one of the limno-

corrals (No. 8) the cladoceran population continued to decline and finally

dissapeared after 3 days. In the other limnocorral (No. 7) its population

recovered in spite of the repetitive treatments with parathion and became

dominant till the end of the experiment. The Rotifers populations in the

parathion-treated limnocorrals (Nos. 3; 4; 7; 8) responded to the decline in

the cladocera population by a sharp increase which lasted for 2-3 days, thereafter

their populations declined. The Brachionus population completely disappeared

in either the presence or absence of fish. The extent of decline of the

population of the other rotifer (Asplanchna) was negatively correlated with

the change in the populationrrof either the copepod or the cladocera species.

In the limnocorrals devoid of fish where the copepod population gradually

increased, the population of Asplanchna gradually decline. In one of the

limnocorral containing fish where the cladocera population declined and

disappeared (No. 8), Asplanchna maintained a relatively stable population till

the end of the experiment. In the other ltmnocorall where the cladocera

population recovered and increased (No. 7), the Asplanchna population continued

to decline to the end of the experiment.

Dynamics of algal biomass

The dynamics of algal biomass as reflected in changes in chlorophyll a

content is shown in Fig. 5. The algal biomass in the untreated limnocorrals

devoid of fish (Nos. 1; 2) rapidly declined for the first 2 days; thereafter,

it stabilized at a level approximately 40% lower than the initial level:

In the parathion-treated fish-free limnocorrals (Nos. 3; 4) the algal biomass

greatly fluctuated. During the first 2 days it declined to an average level

40% lower than the initial algal biomass. Thereafter, it sharply increased

for at least 2 days reaching-the initial biomass level and again sharply

declined to 25% of the initial biomass level at the end of the experiment,
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In the presence of fish the algal biomass slightly increased in 3 out of

the 4 limnocorrals (Nos. 5; 6; 8) with overall higher fluctuations in the

parathion-treated limnocorral (No. 8). In the other parathion-treated limno-

corral (No. 7) algal biomass also fluctuated,but on the whole it declined to

a level 40% lower than the initial algal biomass.

Plankton metabolism

Photosynthesis of planktonic algae

The changes in the net photosynthesis of the planktonic algae over the

experimental period, in the various limnocorrals is shown in Fig. 6. Over the

experimental period the rate of the net photosynthesis rapidly declined in all

the limnocorrals. The results suggest that the photosynthetic activity declined

in two steps.- The first step lasted 2-3 days during which the rate of photo-

synthesis generally declined more rapidly in the limnocorrals devoid of fish

(Nos. 1-4). In the second step that'followedjthe rate of decline of the

photosynthetic activity was similar in all the limnocorrals. Least squares

regression analysis of the results supported a two step exponential decline

as described above (Table 2).

Respiration of the plankton community

Changes in the respiration rate of the plankton community in the various

limnocorrals over the experimental period is shown in Fig. 7. The rate of

oxygen consumption considerably increased within the first 24 hours in all

the limnocorrals. Whereas in the parathion-treated limnocorrals (Nos. 3;

4; 7; 8) the respiration rate more than doubled, in the parathion-free

limnocorrals (Nos. 1; 2; 5; 6) it increased by approximately 35% only.

Within 24 hours later the rate of respiration sharply decreased to a level

about 45% lower than the initita respiration rate. Thereafter, the respira-

tion rate in the limnocorra-s containing fish (Nos. 5-8) remained relatively

stable. In the absence of fish (limnocorrals Nos. 1-4) it continued to

decline attaining a minimum level about 75% lower than the initial respiration

rate.

Community metabolism

The consequence of the overall photosynthetic and respiratory activity

in the system (community metabolism) was evaluated by following the changes

in the midday in situ oxygen regime. The midday oxygen profile in the fish

pond and the limnocorrals was typical of highly eutrophic systems. Maximum

saturation level of 150% or more was always obtained at the surface or

10-20 cm below the surface. For comparative purposes a representative depth

of 30 cm was chosen. As shown in Fig. 8, the midday oxygen saturation level

at 30 cm depth generally declinedover the experimental period in the fishpond

as well as in the limnocorrals. However, changes in oxygen saturation were

more gradual in the fish pond and in control limnocorrals while in the

parathion-treated limnocorrals and in the presence of fish the oxygen fluctua-

tions were more pronouced. In the fish-free, parathion-treated limnocorrals

(Nos. 3; 4) the oxygen concentration sharply increased within the first 24

hours after the introduction of parathion, exceeding 270% saturation level.
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Thereafter, the oxygen concentration gradually declined but remained at a

higher saturation level than that of the other limnocorrals, during most of

the experimental period. Except for the first 24 hours, the oxygen concen-

tration in the limnocorrals containing fish (Nos. 5-8) was the lowest among

all limnocorrals including the fish pond; In the presence of fish no signifi-

cant difference was found between the oxygen regime in the parathion-treated

or parathion-free limnocorrals.

Discussion and Conclusions

As found in our previous studies (Gasith and Perry, 1980; Perry, Gasith

and Halevy,1979) the dynamics of parathion residue in the eutrophic water of

fish ponds was characterized by-a rapid exponential disappearance of-the

toxicant. In the present investigation the rate of decline of parathion residue

in the water after the 2nd-and 3rd introductions was somewhat higher than after

the first introduction. This-phenomenon may be associated with sorption of

the chemical on the massive periphyton-community which developed on the walls

of the limnocorrals. The maximum-measured concentration of parathion in the

water-was sublethal to the fish (carp, Tilapia) but was lethal to the cladoceran

component of the zooplankton. A similar effect was observed in the fish pond

experiments mentioned above.

The enclosure of a small portion of a eutrophic aquatic system

significantly changed its abiotic conditions and biotic structure and

dynamics. As shown in other studies as the size of the enclosure increases

the effect of containment diminishes-(Lund 1972; 1978). In spite of the

limitations of the small limnocorral the dynamics of a short-lived toxicant,

parathion, and its impact on the ecosystem-in the early phase of containment

were similar to those observed under fish pond conditions.

As has been observed-in open system situation the exposure to relatively

low levels of a toxicant primarily affect ecosystem stability by selectively

eliminating certain biotic components; Such an effect under containment
condition was apparent by- the change in-zooplankton community composition

and the resulting fluctuations in algal biomass and community metabolism.

The existence of relatively large size organisms such as fish under

limited space conditions may-significantly affect the abiotic conditions and

the structure and dynamics of the biotic components. consequently, influencing

the substrate-biological species interaction and, hence, the apparent toxic

effect of the chemical in the environment.

Considering the above limitations, the use of relatively small

enclosures for evaluation of toxic effect of chemicals in eutrophic ecosystems

should be limited to short term experiments only. This consideration prohibits

the use of small limnocorrals for evaluation of chronic effects of toxicants

in the aquatic environment but may be useful in investigating the effects

of short-lived chemicals.
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Table 1. Parathion residue (PPB) in water (mean + SD).

Date

26.7

27.9

29.7

Limnocorrala

3

3

7

8

3

4

7

8

3

4

7

8

3

4

7

8

3

4

7

8

3

4

7

8

Before

Introduction

0

0

0

0

25.9 + 1.4

25.1 + 1.6

20.7

24.4

11.6 + 2.6

14.1 + 1.8

15.8

10.6 + 1.4

11.4 + 1.3

7.50+ 2.0

3.0 + 0.6

2.06+ 0.5

2.9 + 0.5.

6.2 + 2.0

6.4 + 1.4

4.3

5.1 + 0.6

After

Introduction

26.2 + 2.9

32.9 + 1.8

26.4 + 8.3

29.2 + 6.0

26.1 + 5.7

23.5 + 6.7

19.7 + 0.7

30.2 +12.4

35.7

20.2

24.5

17.6

30.7

2.8

5.8

a Without fish - Nos. 3;4, With fish - Nos. 7;8
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Table 2. Least squares exponential regression of the net photosynthetic

activity against time in the various limnocorrals (y = aebX;

r = regression coefficient, n = number of values).

PERIODS
(days)

0 - 2

LIMNOCORRALS

a

4.53

REGRESSION PARAMETERS

b r

-0.31 0.861 - 4

0-3 7 ;8

3- 10 1 - 4

4.82 -0.10

2.44 -0.18

3.43 -0.13

0.90

0.86

0.92

E
0

n 6
z

12 m
4

10 m
z
4

16 p

16 0
o

0
0
w

3- 10 5-8

00

Flg. 1.

Changes in the Secchl disc transparency in the limnocorrals

(indicated numbers) and the fish pond (FP) during the experimental

period (arrows indicate dates Of parathion introduction),



0
10-

o

° 10-oio-

0
0 10-
1u 10-

10-

Z 10-

z 40-

20-

LU 0-

m P 20-o - 20-
-L :wu 40-
of

FISH POND, UNTREATED
9 89 4817 20 4 Brachionus

7 15===--90-4------i Asplanchna 13

9
6_ 6 6 5l -~-- --«-I---- Z- -- ------ o Eucyclops o

89220 225 92 95
245 268 146M

116^^ -Moina

Moina

10-
0-

10-
10-
0-i

10-

0-

40:

R 20

0

o 
X 20-

< 40
a.
0
0
N 40

O 20

Z 20

40
> 20

w
Ž 20

-J
wM

83 O
I~~SS Br, ° o 

"" As o o o
-- p

2-3-3 ' 1044 o716 '65

80 941 992 03MO

Mo.

LIMNOCORRALS 1,2

NO FISH. UNTREATED

o

o 0

3(#1)
'#2)

4 1

�---------_
)(# 3)
(*<4

2'6 3b

July August

July August

Fig. 2. Fig. 3.

Changes in composition and relative abundance of zooplankton in

the fish pond during the experimental period. Numbers indicate

individuals per 2 liter sample.

Changes in composition and relative abundance of zooplankton

in the parathion-free (Nos. 1;2) and parathion-treated (Nos. 3;4)

limnocorrals in the absence of fish. Numbers indicate individuals

per 2 liter sample. Arrows indicate dates of parathion introduction.
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Changes in composition and relative abundance of zooplankton in

the parathion-free (Nos. 5;6) and parathion-treated (Nos. 7;8)

limnocorrals In the presence of fish. Numbers indicate Individuals

per 2 liter sample. Arrows Indicate dates of parathion introduction.

Fig. 5.

Dynamics of algal biomass in parathion-free and parathion-treated

limnocorrals in the presence and absence of fish. Arrows indicate

dates of parathion introduction.
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Changes in the rate of photosynthesis by phytoplankton in parathion-

free and parathion-treated limnocorrals, in the absence and presence

of fish. Arrows indicate dates of parathion introduction.

Changes in the respiration rate of the plankton community in

parathion-free and parathion-treated limnocorrals, in the absence

and presence of fish. Arrows indicate dates of parathion introduction.
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INTRODUCTION

A significant portion of many insecticides often readily move from

the forests and croplands to which they are applied to adjacent water

bodies. There, they may accumulate in water, sediment and/or biota

(Albright et al., 1975; Oloffs et al., 1978; Albright et al., 1980).

Concern has often been expressed about the effects of these

insecticides within the aquatic ecosystems since in addition to

accumulating in organisms they may also alter microbial growth and

activities ( Balasubramanian and Narayanan, 1980), bind to biotic and

abiotic components (Klein and Korte, 1980) and alter species diversity

and numbers ( Gasith and Perry, 1980). Some pesticides may be

metabolized to more toxic components.

Two examples where insecticides applied to economically

important terrestrial ecosystems by aerial spraying often readily move

to adjacent waters are: (1) The treatment of forested areas of Canada

and the United States with acephate and fenitrothion and formerly DDT.

These insecticides often enter salmonid (i.e. salmon and trout)

spawning and rearing rivers and lakes within the forests. (2) Parathion,

used in Israel for controlling insect pests of cotton, may enter the

adjacent fish ponds. Hence, in addition to concern for the long-term

sub-lethal effects of this pesticide upon the biota of these fish ponds

is the more immediate one of fish kills (usually Tilapia and/or carp)

caused by parathion.

Note. L.J. Albnght and G.H. Geen were associated with the acephate whereas L.J. Albnght, A. Gasith,

Y. Mozel and A.S. Perry were associated with the parathion portions of the experiments described herein.
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To address these two situations multidisciplinary research groups

have been organized at Simon Fraser University and the University of

Tel Aviv. The former is investigating the influence of acephate upon

the bacteria - algae - zooplankton - trout ecosystem in a dystrophic

west coast Canadian lake whereas the latter is studying the effects

of parathion upon the bacteria - algae - zooplankton - Tilapia/carp

ecosystem of a eutrophic Israeli fish pond. We report herein upon the

interaction of acephate and parathion with the heterotrophic bacteria

of these ecosystems.

MATERIALS AND METHODS

Study Locations

Shirley Lake, a c.1.12 ha Canadian west coast temperate/dystrophic

lake located within the University of British Columbia Research Forest

(approximate location: 490 21' N, 1220 33' W) was chosen as the study

2
site for the acephate treatment experiments whereas a c.1000 m

eutrophic fish pond at the Fish and Aquaculture Research Station, Dor,

Israel (approximate location (320 37' N, 340 4' E) was chosen for the

parathion treatment experiments.

At Shirley Lake tubular limnocorrals (without bottoms) of

reinforced polyethylene (2 m diameter by 5 m long) were placed in the

water column with the lower edges carefully driven c. 10 cm into the

sediment. At Dor experiments were conducted using polyvinylchloride

limnocorrals (1.2 m wide by 1.2 m long by 1.0 m deep) with bottoms.

Limnocorrals were filled with lake or pond water 24 h prior to each

experiment.

LiTnological characteristics

Profiles of the water contained within each limnocorral were taken

on each sampling date. Water in Shirley Lake was typical of oligotrophic

conditions. Conductivity was <20 umhos with sone increase below the

thermocline (1-2 m depth). Water temperature in midsummer reached maxima

of 20 C at the surface and 7-8 C at 5 m. Oxygen concentrations were 7-9

mg/L and 4-6 mg/L at the surface and 5 m respectively. The pH was

approximately 6.5 at the surface.
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Water temperature, parathion concentration, dissolved oxygen,

chlorophyll a and secchi disk transparency profiles were taken on each

sampling date, in all eight of the fish pond limnocorrals. See Gasith et

al., 1982 for descriptions of assay methods and results.

Pesticide treatments

0, S - dimethylacetylphosphoramidothioate (technical, 98% pure),

commonly called acephate was obtained from the Chevron Chemical Company,

Richmond, California, U.S.A. The empirical formula is C4HR1 N 03PS.

The structural formula is shown below as:

b 0

CHa3 0 I A

1-P - NE -- C - CH3

CR3S --

Acephate was dissolved in distilled water immediately before

application to the water contained in limnocorrala.

S,0-diethyl-4-paranitrophenylphosphothioate (47.6% emulsifiable)

commonly called parathion was obtained from Machteshim,Beer-Shiva,

Israel. The empirical formula is C1oHl4NOsPS. The structural formula is

shown below as:

S

CH3 - CHR2 -0 YIO

CH3 - CH2 0p o -I 

Parathion was pipetted into the water of each limnocorral and

stirred in with a paddle.

Samples from Shirley Lake limnocorrals were taken with a Van Dorn

sampler. The fish pond limnocorral waters were sampled using

polyethylene bottles.
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Determination of bacterial populations

Total numbers of bacterioplankton and sediment bacteria were

determined using the acridine orange direct count technique of Hobbie et

al., 1977 and Daley and Hobbie, 1975.

Numbers of actively metabolizing bacteria were determined using the

technique of Hoppe, 1976 as modified by Chocair and Albright, 1981. The

substrate was D - [6-3H] glucose, specific activity 10 CimM ~1

(Amersham/Searle).

Determination of glucose heterotrophic activities

Glucose heterotrophic activities were determined using the

technique of Azam and Holm-Hansen, 1973 as modified by Valdes and

Albright, 1981. Tritiated glucose (D-(6-3H] glucose, specific activity

22.5 CimM- 1, Amersham) was used as substrate.Vmax (maximum potential

rate of substrate utilization) and Tt (turnover time) calculations

were as per Wright and Hobbie, 1966.

Determination of bacterial and microalgal productivities

Bacterial productivities were assayed by the method of Fuhrman and

Azam, 1980 using a thymidine substrate (methy]-3 H-Thymidine, specific

activity 74.1 CimM- 1, New England Nuclear). Sediments were diluted 1:10

with membrane pre-filtered (0.24 m pore size) lake water prior to assay.

Microalgal productivities were determined using the technique of

Schindler and Holmgren, 1971 as modified by Wessels and Birnbaum, 1979

using 1 mL of Nal4 co2 as substrate (10 mCimL"1).

RESULTS AND DISCUSSIONS

Although limnocorrals have the advantage of isolating a portion of

each aquatic ecosystem for experimental manipulations (with replication),

they have certain disadvantages. These containers tend to perturb the

contained water and/or sediment. Generally, when a natural water is

placed in a limnocorral it tends to slowly alter from a photosynthetic

to a heterotrophic ecosystem with increases in bacterial numbers and
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activities and declines in microalgal and zooplankton species and

numbers. The smaller the volume of the contained waters, generally the

greater the rates of change (Parsons et al., 1981 and Grice and Reeve,

1982).

Additions of 1 ppm acephate to Shirley Lake water contained within

limnocorrals tended to increase the bacterial numbers and bacterial

productivities of the water column and surface (1 cm depth) sediment

( Fig. 1). These increases generally occurred within 4 days and tended

to stabilize thereafter. That this response to acephate can however

occur in as little as 3 h post-treatment is shown by the data of Table 1.

Addition of 25 ppm acephate to 5 L of Shirley Lake water quickly

stimulated bacterial productivities and glucose heterotrophic potentials.

Acephate, when added at levels of 1 and 25 ppm, therefore appears to

act as a nutrient for the heterotrophic bacteria.

Acephate contains C, H, 0, N, P and S all of which are required

as bacterial nutrients. However, N and P are generally limiting in

oligotrophic water bodies such as Shirley Lake. Therefore, an experi-

ment was designed to test the response of the heterotrophic bacteria

to 25 ppm acephate and NO 3 + P04 additions. This acephate addition

increased bacterial numbers, numbers of active bacteria and bacterial

production almost to the same extent as that caused by the NO3 + P0 4

additions ( Table 2).

To investigate possible mechanisms,lake water was treated with

10 ppm acephate and incubated in the light and dark for 3 h (Table 3).

Acephate treatment increased primary production (as assayed in terms of

cellular material and excreted photosynthate). However, bacterial pro-

duction was increased only when the water sample was incubated in light.

If acephate stimulated the heterotrophic bacteria directly there should

have been a stimulation of bacterial production in the dark. This did

not occur. These results therefore indicate that acephate was most

likely stimulating the heterotrophic bacteria indirectly by enhancing

primary production. The "stimulated" bacteria may be using the excreted

algal photosynthate as a nutrient source. At present we do not know the

nature of the excreted photosynthate or reasons(s) for the observed

acephate induced stimulation of primary production.
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The parathion-fish pond experiments were similar in concept to the

acephate lake experiments. The major differences were: (1) the different

insecticide (2) its lower concentration (3) a eutrophic water and (4)

the presence of fish. The limnocorral contained waters in the Dor fish

pond were treated with parathion at time zero to produce a concentra-

tion of 30-40 ppb. One-half this initial dose was added to each

limnocorral at 3 and 7 days. Four of the eight limnocorrals each

contained 12 Tilapia (10-15 cm long) and 10 carp (4-8 cm long).

During the time course of this experiment (10 d) there was little

apparent influence of parathion upon the bacterial numbers in the

absence of fish although there appears to be a slight decrease in

bacterial concentrations in the presence of fish and parathion (Fig. 2).

Except for the first day following parathion treatment, the glucose

heterotrophic activities (i.e. glucose V K + S and T values) and
max, t n t

bacterial productivities were remarkably similar within the parathion

treated and control limnocorrals.

We have concluded that parathion concentrations as high as 30 - 40

ppb have little direct impact upon the native heterotrophic bacterio-

plankton of this aquatic ecoystem. In the presence of fish, parathion

does not significantly alter glucose Vax, K + S and Tt values

although there may be slight decrease in bacterial numbers (Fig. 2) and

productivities which may be explained on the basis that the dissolved

and particulate organic matter excreted in the fecal matter of the

stressed fish is less. It is concluded that the bacterial heterotrophic

activity in the two ecosystems investigated is not extensively affected

by the pesticide concentration used.
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Table 1. The influence of acephate (25 ppm) upon the glucose

heterotrophic activity and productivity of aquatic bacteria assayed (at

Shirley Lake on 19 June 1981) 3 hours post-treatment. Ten L of water was

split into two - 5 L portions. One - 5 L portion was treated with

acephate. The other was the control. All incubations were in the light.

Parameter Control 25 ppm acephate

water treated water

Bacteria/mi 1.11 x 10 6 1.27 x 106

Bacterial

Production (ug C/L/d)

0.92 -6.00 1.61 - 9.14

Glucose Kt + Sn

(Ug/L)

0.169 0.171

Glucose Vmax

(ig/L/h)

0.129 x 10-2 0.204 x 10-2

Glucose Tt (h) 131.0 84.2
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Table 2 The influence of acephate (25 ppm) and a nitrate+phosphate

mixture (NaNO3 and Na3PO4'HOH - a final concentration of 5.5 x 10-6 M in

each instance) upon total bacterial numbers, numbers of active bacteria

and bacterial production assayed (at Shirley Lake on 22 July 1981) 3

hours post treatment. Fifteen L of water was split into three portions.

One - 5 L portion was treated with acephate, the other with NO3 + P04.

The third portion was the control. All incubations were in the light.

Parameter Control Treated Water
Water Acephate NO3 + P04

(25 ppm)

Bacteria/ml 1.03 x 106 1.11 x 106 1.22 x 106

Active bacteria/mL 7.24 x 105 8.2 x 105 8.9 x 105

Bacterial 0.74 - 4.97 1.62 - 10.50 1.80 - 11.71
Production
(ugC/L/d)

Table 3 The influence of acephate (10 ppa) upon bacterial and microalgal

production assayed at (Shirley Lake on 16 November 1981) 3 hours

post-treatment. Samples were incubated in situ in light and dark 350 ml

BOD bottles.

Parameter Control 10 ppm acephate
water treated water

Light Dark Light Dark

Bacterial 0.08-0.52 0.08-0.54 0.16-1.04 0.08-0.51
Production
(UgC/L/h)

Microalgal 2.66±0.05 3.22±0.30
Production
(UgC/L/h)

Photosynthetic 0.99±0.04 0.024±.005 1.17±0.05 0.034±0.016
Excretion
(pgC/L/h)
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Fig. 1 The influence of 1 ppm acephate (added 10 July 1981) upon

bacterial numbers and productivities of limnocorral contained

water and sediment of Shirley Lake. Symbols: 0 - control

water; * - treated water; A - control sediment and A - treated

sediment.
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Fig. 2 The influence of 30-40 ppb parathion (added 26 July 1981 with

additions of half the initial dose 3 and 7 d later) upon

bacterial numbers. Symbols: 0 - control water; 0 - treated

water; 0 - control water containing fish and | = treated water

containing fish.
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PRIMARY PRODUCTIVITY C-14 AND ALGAL ASSAY
IN THE STUDY OF WATER POLLUTION EFFECTS
IN THE CITARUM RIVER AND JATILUHUR RESERVOIR

B. MAHBUB
Institute of Hydraulic Engineering,
Director General of Water Resources Development,
Ministry of Public Works,
Bandung, Indonesia

1. INTRODUCTION

1.;. Water Quality Parameters

Water quality evaluation usually covers various physical-

anu chemical parameters which are made partially or completely,

depending upon the type and rate of tne pollution to be

tnvestigated. If water pollution from human waste needs to be

known, a bacteriological paramuter should be added. The method

of such an investigation is appropriate if the water quality

evaluation is aimed at finding out the pollution parameters

including its sources, and its effects to beneficial water uses.

Actually the abiotic water quality as a whole influences

the biotic parameter, so that this biotic parameter can also

be used as an indicator for the water quality impact. The biotic

indicator which is already used for the above-mentioned

requirement is diversity Index of benthic macroinvertebrates (1),

prlriary productivity (2) and algal growth potential (3).

Simultaneous measurement of water quality parameter covering

the above-mentioned physical-chemical and biological parameters

is used for the investigation of Citarum and Jatiluhur Reservoir.

This Investigation is purposed to evaluate the intensity of water

pcilution and at the same time to test and apply the relationship

between the biotic and abiotic parameters.

1.2. Investigation Method

The water quality investigation covers field and laboratory

work where the physical and chemical parameters are anlyzed by

means of the Standard Method (4). This holds also for chlorophyll-a

concentration, and plankton and benthic diversity index. Primary

productivity measurement utilizes the C-14 and the measurement

of algal growth potential is used conform the procedure of

LEHMUSLUOTO (1977), however instead of Selenastrum copricornutum

use is made of Chiorella sj., which is also stated in the Standard

Method (4).
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P'ihy:lca3-chtemc.cia :.nd ii lLj.jcnal analysis of water Cqudlity ;s

carricd out in the Laborcatry of _;vironment and 'ater Quai-ty

Division of the Instltute of Hydraulic Engineering in 3andung.

Counting of C-L4 for the calculation of primary productivity is

made at the Research Canter for Nuclear Techniques in Bandung.

1.3. Location of Investigation

Investigation was carried out in the Citarum River and

Jatlluhur Reservoir (figure i). In the upstream of the river

(location 1) the water has a natural quality, due to absence of

pollution with the exception of some siltation, caused by erosion

in the catchment area. In location 2, the river receives waste

from quite a lot of textile industries located in the Majalaya

area. Before location 2 to 7, hundreds of textile industries are

estimated to dispose. their waste in the Citarum River. In location

4 the river also receives human waste, amongst others from Bandung

and its environment which count 1½ million of inhabitants. This

city does not own adequate waste water treatment installation.

In location a and 9 the pollution decreases and is already

diluted by many tributaries, but from those tributaries in location

2 to 9 the Citarum River receives agricultural waste and also silt

from erosion in the catchment area.

In the location of Jatiluhur reservoir where a considerable

amount of self purification process is expected to occur, the

investigation was carried out before the reservoir outlet(location

10).

In- the downstream part of the reservoir, namely in the Curug

weir (location 11), the Citarum River receives again pollution

originating from industrial waste and erosion.
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2. CORRELATION OF BIOTIC TO ABIOTIC PARAMETERS

2.1. Multivariate Analysis

Tne relationship of regression between a biotic parameter as

dependent variable and abiotic parameter as independent variable

is formulated as follows:

Y1 = Bu + B1 Xl1 + B2X2 1 ............ + B3 0 X3 0 1
where yi is a dependent variable, which includes:

Y1 = Primary productivity

Y2 = Algal growth potential

Y3 = Chlorophyll-a

4 = Diversity index of plankton

Y5 = Diversity index of benthic macroinvertebrates.

X1,' X2 ........... X3 0 1 = independent variables representing

iitysical-chemical parameters as stated in Table 2.

B= constante

B1 - B30 = regression coefficient

2.2. Water Quality of the Cltarum River and Jatiluhur Reservoir

The measurement of water quality executed during three years

in 11 locations of Citarum River and Jatiluhur Reservoir is as a

whole grouped in Table 1. The entire abiotic and part of the biotic

- i.e. primary productivity (PP) and algal growth potential (AGP) -

parameters, were measured simultaneously in each of the wet and dry

seasons of 1979 to 1982. An exception forms the measurement of.

chlorophyll-a concentration a in water and the diversity index

of plankton and benthic macroinvertebrates which were executed

only two times, namely in December 1981 and February 1982, for

purposes of comparison with the PP and AGP.

Based on the data in Table 1, the maximum concentrations of

,everal parameters indicate a decrease of water quality by pollution.

The concentration of organic matters namely BOD and COD of maximum

21 mg/1 and 32.5 mg/l respectively has generated a DO of minimum

0.66 mg/l. The N-compound also indicates a high concentration,

which appears from the presence of NH4-N of maximum 7.8 mg/l.

The organic toxic matter namely phenol is indicated with a maximum

of 0.27 mg/1. Also heavy metals are indicated: i.e. Cu of maximum

0.3 mg/l, N1 of maximum 0.07 mg/l and Zn of maximum 1.4 mg/l.

The evaluation of water pollution which is indicated by the

above-mentioned parameters is further explained in Chapter 3.
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Table 1 only indicates the results of statistical multivariate

inalysi~ obtained so far from the range of abiotic and biotic

parameter concentrations which were gained during the investigations

executed at a limited frequency.

?.3. Biotic Parameter as an Indicator of Water Quality

The results of multivariate analysis of the water quality

data obtained from Citarum River and Jatiluhur Reservoir appear

to indicate a close relationship of some biotic with abiotic

parameters (Table 2). The correlation coefficient of the primary

productivity to water quality is 0.701; algal growth potential

01.835; chlorophyll-a 0.772; diveraity index of plankton 0.809

and benthic 0.562. The algal growth potential shows the highest

correlation coefficient, which moans that these biotic parameters

have a significant relation to the role or influence of abiotic

parameters, while the algal growth potential can serve as a water

quality indicator. The coefficient of primary productivity is much

lower because other important parameters have not been investigated,

namely the intensity and duration of exposure to sunlight. The

diversity index also presents a low coefficient, due to the fact

Lhat the characteristics of the river bottom and the flow velocity

have not been included.

3. THE WATER QUALITY PROFILE OF CITARUM RIVER

3.1. Abiotic Water (,ality (Physical and Chemical Parameters)

If the change of water quality is traced longitudinally along

the stream, i.e. the water quality profile as shown in Fig. 2, the

change in quality caused by pollution and its improvement by self

purification will be apparent. The change in the concentration of

suspended solids shows a high value starting from the upstream,

namely 400 - 450 mg/l in locations 2, 4, 7 and 9. This concentration

reduces in the downstream of the river, namely in the Jatiluhur

Reservoir (location 10) and further downstreamward (location 11)

respectively amounting to 12 mg/1 and 187 mg/l. The mean concentratio

of suspended solids in each of the above-mentioned location is

usually much lower than in reality. This occurs during the rainy

season with a very highly increasing tendency, due to a process

of erosion.
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TAiBLE 1. ':7..TEP QUALITY GO CITARUM RIVER

1
1

(Variables measured in the 3 years study, October 1979 to February 1982)

NAR.Mber Standard ofrPARATETERS oNber Minimum Maximum M e a n aton
of Deviation

Cases

Independent Variables/Abiotic Parameters

Temperature ( C ) 76 20 29 25.4 2.16
E.C. (umho/cm) 76 68 272 153 43.50
Suspended Solid (mg/1) 76 6 1000 301 233.6
Transparancy ( cm ) 76 0.016 80 30 16.6
pll 76 6.8 8.5 7.7 0.40
1 CO3 (mg/1) 76 8.98 772 92.4 83.7
CO, (mg/1) 74 0.1 28 5.5 5.24
D.O. (mg/1) 76 0.66 7.9 5.37 1.70
Na (mg/1) 76 3.0 15.9 8.17 3.40

K (mg/l) 76 0.9 5.2 2.70 1.04
Ca (mg/1) 76 6.7 36 16.4 6.00

Mq (mg/1) 76 0.98 25.5 7.56 4.47

C1 (mg/1) 76 0.6 57 11.3 7.47
Scr (mqg/) 74 0.05 31.4 7.57 6.12

Fe (mg/1) 54 0.02 4.5 0.66 0.81
Mn (mg/1) 76 0.01 0.65 0.056 0.12

Cd (mg/1) 76 ud ud ud ud

Cl (mg/1) 76 7d ud ud udi 
Cu (mg/1) 76 0.019 0.3 0.023 0.03
I(T (mq/l) 76 ud ud ud ud

Ni (mg/1) 76 0.01 0.07 0.02 0.008

Pb (mg/1) 76 ud ud ud ud

Zn (mg/1) 76 0.01 1.4 0.058 0.17
BOD (mg/1) 75 0.4 21.0 5.68 4.9
COD (mg/1) 76 1.7 32.5 11.6 7.50

Nil 4 -N (mg/1) 76 0 7.8 0.76 1.16

NO -N (mg/1) 76 ud 1.61 0.08 0.23

NO--N (mg/1) 76 0.018 2.86 0.87 0.65

Organic-N (mg/1) 76 0.11 9.40 1.95 1.71
Total-N (mg/1) 76 0.23 16.5 3.60 2.54

Ortho-P (mg/I) 38 0 0.36 0.075 0.08
Total-P (mg/1) 76 0 10.05 1.83 2.96

Fluoride (mg/1) 72 0.003 0.58 0.062 0.124

Pihb,.nol {ra(mg/1) 72 ud 0.27 0.02 0.037

P..:sticides (mg/1) ud ud ud ud

Oiher Parameters -.

l

1

Dependent Variables/Biotic Parameters

Prtunary Productivity
(liy c/m3 /day) 40 0.(2 81 10.47 18.31

AltLl Gcrowth Potential
(ll, Clilorophyll-a/m3/5 days) 60 4',L.6 229 106 40
Chloro1hlyll-a (mg/l) 36 ! ..00 ; 0.96 0.05') 0.04'

Dlvcr:s-ty Indcx of
Pla n kton 1 8 1. 5 5.1] 3.31 0.8.1

rivers. ty Inilex of Benthic
Macroilvertebrates. 18 0 2.49 0.83 0.63

I__ _ _ _ _ _ 1,_ _ _ _ I _ _ _ _ _ _ L __..

* ud = undetected.
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TABLE 2. MULTIVARIATE ANALYSIS ON WATER QUALITY OF CITARUM

(Variable coefficients P and Multiple correlation coefficient R)

DEPENDENT VARIABLES

Primary Algal Growth Chloro- Diversity Diversity
P A R A M E T E R S Productivity Potential phyll-a Index of Index of

(1 ) (Y2) 3) Plankton Benthic

(Y4) (YR)

VAR1NIABEN T Regression CoefficientsVARIABLES (xl '

Temperature -0.709 0.929 0.001 0.033 -0.018
E.C. -0.087 0.225 0.0 -0.002 0.002
Suspended Solid -0.012 -0.002 0.0 -0.0001 0.0
Transparancy 0.224 0.314 0.0 0.006 -0.004
pH 0.211 -3.98 0.006 -0.031 -0.102
H CO3 0.014 -0.048 -0.0 -0.0 0.0003

CO 0.072 -1.25 -0.001 0.023 -0.010
D.6. 2.55 3.18 0.005 0.015 -0.025
Na -0.691 3.02 -0.001 0.007 -0.015

K 10.3 -11.3 -0.001 0.059 0.047

Ca 0.412 -0.398 -0.001 0.006 -0.004

Mg 0.530 -0.561 -0.001 0.018 -0.006
C1 -0.185 -0.128 0.0003 -0.012 -0.020

SO4 -0.261 -0.407 0.001 0.011 0.009
Fe -1.29 -1.47 0.002- -0.107 -0.025
Mn -7.59 49.4 -0.018 -0.472 -0.201'
Cu -125 -51.4 0.182 -0.530 -0.099
Ni 565 -286 1.85 -0.983 3.10
Zn -8.49 46.5 0.0005 0.426 0.309

BOD 0.256 0.759 0.001 0.048 0.005
COD 0.357 -0.088 0.0001 -0.009 -0.019

NH4-N -5.56 14.2 -0.01 .0.173 0.029
NO2-N -14.1 -9.82 -0.023 -0.755 -0.207

NO -N -5.17 2.44 -0.001 -0.034 -0.022
Organic-N -3.40 2.71 -0.004 -0.107 0.028
Total-N 3.12 -10.2 0.007 0.087 -0.034
Ortho-P -19.0 46.8 0.006 -1.97 0.427
Total-P -0.122 -0.316 0.0004 0.024 -0.020
Fluoride 1.16 48.0 0.014 0.765 -0.174
Phenol 22.3 -77.9 -0.029 -1.97 -0.867

Constante -15.4 99.9 -0.010 2.35 2.57

Goodness of fit 0.492 0.698 0.596 0.655 0.316
Correlation coefficient 0.701 0.835 0.772 0.809 0.562

. ~ ~ ~ ~ ~ ~ ~ ______ ____ ,__________ ;_______________ _ _ ______
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The presence of silt causes also a lcw degree of transparency

which ranges between 13 and 58 cm. The highest degree of transparency

is encountered in the reservoir only, due to a settling process.

The inhabitants and industrial waste from Bandung and its

vacinity appear to cause an increasing tendency of BOD starting

from location no. 4 to 7, where the BOD increases from 2 mg/1 in

the upstream to 11 - 13 mg/1. This increase of BOD causes a decrease

of DO of 6.7 mg/1 in location 1 to 2.0 mg/l in location 6, while

the process of self purification begins from location 9, raising

the DO to 7.0 mg/1.

The increase of Nitrogen concentration as a consequence of

industrial and human waste occurs mainly in the upstream part of

the river. The NH 4 -N increases to 0.83 mg/1 in location 3 and to

2.42 mg/l in location 4. The organic N is 5.41 mg/l in location 3

and 3.75 mg/1 in location 4. NO2-N is 0.075 mg/1 in location 3 and

0.036 mg/1 in location 4.

No increase is indicated of the concentrations of total P

and ortho P, as a consequence of human and industrial waste. It is

presumed that the phosphate fluctuation in the above water is caused

by erosion and agricultural waste.

The increase of H CO 3 and CO2 concentrations in locations 3 and

4 (i.e. H CO3 is 114 mg/l and CO 2 is 13 mg/1) is related to the

reduction of pH from 7.8 in the upstream of the river to 7.4 in

location 3 and to 7.3 in location 4. The presence of phenol in

the water is not clear yet, namely does this phenol come entirely

from industrial and domestic waste or is it a result of the

unselectivity of the analysis method, so that the humus matter of

erosion increases the reading of the phenol concentration. As a

matter of fact, the increase of phenol concentration has occured

as a consequance of waste water received between locations 3 to 9.

A pesticide whether organochlorine or organophosphate has not been

detected in the study on Citarum River. However, the presence of organo-

phosphate has been detected in the study which was especially carried out

after pesticide spraying. In this study heavy metals were detected. The

higher concentrations found were 0.023 mg Ni/l in location 3, 0.017 mg Pb/1

in location 5 and 0.012 mg Pb/1 in location 8. It is not clear whether the

Ni and Pb pollution has an industrial or natural source. The Zn element

is present already from the upstream part of the river, namely 0.297 mg/1

in location 1.
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3.2. The Effect of Pollution on the Beneficial Use of Water

The water quality profile in relation to the pollution source

and its effect on beneficial use is stated in Table 2. Some selected

locations are: the upstream part of the river (location 1), that

part of the river which receives much pollution waste (locations 4

and 7) and that part of the river which is subject to quality

improvement (location 9 and Jatiluhur Reservoir, location 10), plus

the location downstream from the reservoir where the river'gets

polluted again (location 11).

The evaluation of the influence of the beneficial use of the

water is based upon the comparison of physical-chemical parameters

with the criteria of water quality purposed for drinking water,

fishery and agriculture:

a. As a standard of drinking water, the requirement is only

met in the upstream part of the river (location 1) and there

where the water undergoes a self purification process

(location 10). The industrial and human waste brings the

consequence that BOD, COD and phenol parameters do not

meet the criteria in the other locations, while this is

the same with regard to DO in location 4. Actually, it

was learned from another study (unpublished data) that

the concentration of faecal bacteria does also not meet

the health criteria.

b. For fishery purposes several parameters are considered

not to fulfil the requirements. The NH3 -N concentration

does not meet the requirements in all locations, with the

exception of location 1 (in the upstream of the river)

and location 7. In the Jatiluhur Reservoir which represents

a fishery area shows a NH3-N concentration which exceeds

the criteria. An inadequate NO 2-N is only detected in

location 4, which is affected by industrial waste. Phenol

is also detected in almost all locations and does not meet

the requirements, except in the upstream of the river

(location 1) and in the reservoir (location 10). Zn metal

is detected from the upstream in the downstream direction

and exceeds the criteria, with the exception of.the

reservoir (location 10).- Cu at unacceptable levels

is only detected in the downstream part of the river

(location 11).
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c. The water quality in all the locations fulfil the

requirements for agriculture. This does not hold for some

locations in the Citarum River catchment, where the

industrial waste which is disposed directly to the

agricultural area causes a destruction of rice fields

3.3. Biotic Parameters

The biotic parameter profile stated in Figure 2 and Table 3

indicates the relationship to a source and type of water pollution.

TABLE 3. WATER QUALITY EVALUATION OF CITARUM RIVER

AND JATILUHUR RESERVOIR

Water Quality Criteria Biotic Indicator

Pollution Drinking Fishery Agriculture PP AGP CHL PLK BTC
No.l LocationNo. Location Sources Water Supply

(Raw water) _

1. Wangisagara N, E Acceptable Zn Acceptable 2.31 153 0.055 1.86 1.06

4. Dayeuhkolot E, D, Phenolic, NH 3-N, Acceptable 8.20 73.50.070 2.86 0.78.

I, A. BOD, COD, N0 2-N,

DO. DO, Phe

nol, Zn

7. Nanjung E, D, Phenolic, Phenol. Acceptable 4.15 83-30.055 3.80 0.68

I, A. BOD, COD.

9. Bayabang E, A Phenolic, NH3-N, Acceptable 5.16 129 0.040 3.33 0.39

BOD, COD. Phenol,

Zn.

10. Jatlluhur - Acceptable Phenol, Acceptable 18.4 121 - - -

Reservoir NH3-N.

11. Curug Dam E, I Phenolic NH 3-N, Acceptable 2.0 125 0.045 5.1 -

Phenol,

Cu, Zn.

Pollution Sources:

N - Natural (no pollution)

E - Erosion and Sedimentation

D - Domestic Waste Water

I - Industrial Waste Water

A - Agricultural Run off.

55



a. Primary Productivity C-14.

The PP increases between locations 2 to 6, which almost

correlations with the raise of HiCC 3 and CO 2 concentrations

and the reduction of suspended solids concentration. The

increase of PP in the Jatiluhur Reservoir is more related

to the increase of transparency and the decrease of

suspended solids caused by sedimentation.

b. Algal Growth Potential (AGP)

The reduction of AGP corresponds with the location of

industrial waste, which is situated in the upstream part

of the reservoir (between location 2 to location 7), after

which it increases again due to a process of dilution and

self purification. Besides its relation tc the location

of industrial waste, the decrease and increase of AGP 

correlation with the fluctuations of BOD and COD, phenol,

N1 and Cu. Although the relation with each parameter can

not be explained entirely, the profile of the AGP parameter

along the Citarum gives an overall illustration of its

pollution.

c. Chlorophyll-a, Diversity Index of Plankton and Benthlc

Macroinvertebrates.

The total frequency of the measurement of the above-

mentioned parameters is not as much as PP and AGP

measurements. The measurement of these parameters was not

conducted from the beginning, but is only done for

comparison purposes.

The chlorophyll-a concentration indicates a response toward

the abiotic parameter which resembles the PP, namely the

degree of concentration in the location polluted by human

and industrial waste and in the reservoir.

The diversity index of benthic macroinvertebrates has an

incomplete correlation toward water quality (Table 2).

It also holds for the profile of the parameters stated

in Figure 2 and Table 3. In location 2, the diversity

index of the benthic nacroinvertebrates decreases

drastically. Besides from reasons of pollution effects,

it is also presumed tc be caused by the effect of sand

dredging in the neighbourhood.

In other locations in the downstream of location 5 where

the river received human and industrial waste, a decrease

of the diversity index is also detected. It is not clear

how low the degree is of the benthic macroinvertebrates
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diversity index in the downstream part of the river

(locations 8 and 9), in spite of the improvement which is

caused by self purification.

The diversity index of plankton resembles the fluctuation

of those of benthic macroinvertebrates and it is more

significant because the diversity index in the reservoir

indicates a higher result, where the water quality has

already been improved. However a low diversity index in

the good water quality of the upstream in location 1

(which is even much lower than the diversity index of a

polluted water quality), can not illustrate a water quality

profile as a whole.

4. CONCLUSIONS

1. Based on the study of the water quality of Citarum River, it

is concluded that there is a close relationship between the

biotic and abiotic (physical-chemical) parameters. The

relationship of algal growth potential to abiotic water quality

shows the highest value of correlation coefficient, then

successively the diversity index of plankton, chlorophyll-a,

primary productivity and finally the diversity index of benthic

macroinvertebrate with the lowest value. The low value of the

correlation coefficient of several biotic parameters is caused

by the fact that the influencing factor is not only the water

quality.

2. The result of investigation of Citarum River as represented by

the water quality profile longitudinally along the river proves

that the algal growth potential can be used as a pollution

indicator. This pollution comes from human and industrial

waste and is indicated by the reduction of algal growth potential

value after the Citarum. River receives the human and industrial

waste from Bandung and its environment. The other biotic

parameters have not shown a clear relationship.

3. The evaluation of water quality for various beneficial uses

indicates that the Citarum water quality is lowest in those

locations which receive the waste from Bandung and its

environment. Based on the criteria, this water is not qualified

to be used as a standard for drinking water and fishery.

However, the water quality in all locations of Citarum River

meets the criteria for agriculture.
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4. The agricultural waste does not show any drastic influence on

the water quality profile due to non-polluted characteristics

of its sources. However, starting from the upstream in the

downstream direction the water ccntains materials originating

from erosion and agricultural waste, i.e. suspended solids,

nitrogen and phosphate. Pesticides have not been detected in

the Citarum River, although they are indicated in several of its

tributaries.
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THE FATE OF DICHLOBENIL IN AN AQUATIC ECOSYSTEM

R. SOVLJANSKI, Z.K. SMIT, M. CONEK
Institute of Plant Protection,
Faculty of Agriculture,
University of Novi Sad,
Novi Sad, Yugoslavia

In this study dichlobenil in granular form, containing 6.75%

active ingredient, was applied to two irrigation channels. Residues

dropped below detectable levels after 14 days, 6 weeks and 4 months in

the water, plants and the bottom sediment, respectively. The treatment

resulted in a reduction of approximately 80% of the plants' fresh

weight. Only a slight reduction of dissolved oxygen was observed 5 days

after treatment together with a rise in pH probably due to the increased

number of ammonifying bacteria.

An increase of dichlobenil concentration from 1 to 10 ppm in

channel sediment delayed the increase in oxygen consumption in vitro

experiments. The concentration of 100 ppm kept oxygen consumption below

one in the control. Using 1% pepton as a substrate and fresh channel

sediment as an inoculum, slight inhibition was observed, which increased

with higher dichlobenil concentration.

Two fungi were isolated for their capability to accumulate
4C-labelled dichlobenil. Using the Warburg technique the fungi showed

an increased oxygen uptake in presence of the herbicide and the

metabolites benzamide and 2,6-dichlorobenzamide. The fungi could oxidize

glucose in the presence of high concentrations (250 ppm) of the herbicide
14and its metabolites. When C-(nitrile)-dichlobenil was added to the

fungal cultures, extracts after 30 days showed two major metabolites

which were tentatively identified as 2,6-dichlorobenzamide and

2,6-dichlorobenzoic acid.
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THE EFFECT ON HYDROPHYTES OF VARIOUS CONTAMINANTS
IN THE AQUATIC ENVIRONMENT

D.P. MARCHYULENENE, Eh.B. MOTEYUNENE
Botanical Institute,
Academy of Sciences of the Lithuanian SSR,
Vilnius, Union of Soviet Socialist Republics

The role played by various chemicals in the contamination of reservoirs

can be assessed primarily from their effect on the vital functions of organisms

(especially growth, development, reproduction and ion and energy exchange with

the environment) and also from their genetic effects. The functioning of the

systems for ion and energy exchange with the environment in plant cells is

reflected in the values of the membrane potentials, the permeability of the cell

membranes and the protoplasmic drifting velocity. These parameters can be used

as immediate indicators of the functional state of cells in contaminated water.

One of the main biological processes in a plant cell is photosynthesis, which is

responsible for growth and development. The genetic effect produced in popu-

lations of single-celled algae by various contaminants, including radionuclides,

can be evaluated from the number of mutant and lethally damaged cells.

The aim of the work described here was to study: the effect at various

concentrations of lead, effluent from pulp and paper production and DDT on the

physiological state of algae (as assessed from the membrane potentials, the

protoplasmic drifting velocity and the cell survival rate); the effect of thermal

contamination on the physiological state of algae (assessed from the protoplasm

mobility and cell survival rate) and on the accumulation of radionuclides in

hydrophytes; and the effect of radionuclides on chlorella populations (the state

of which was assessed from the cell density, the rate of photosynthesis and the

number of mutant and lethally damaged cells).

At concentrations of 0.02 and 0.2 mg/1, lead has a very small negative

effect on Nitellopsis obtusa algae cells, causing slight depolarization of the

membranes; at a concentration of 2.0 mg/l, it reduces the membrane potential by

30-50 mV or causes the generation of "action potentials" and it increases the

sensitivity of the membrane potential to enhanced KC1 concentration in the medium.

Thus, at a concentration of 2.0 mg/1, lead already induces a transition in the

cells from an energized state with activated H-pumps to a de-energized state with

enhanced permeability to K+ and C1- ions. Prolonged exposure of N. obtusa cells

to lead at a concentration of 0.5 mg/l reduces the level of the ATP available

for supplying energy to protoplasm motion and 50% of the cells die by the tenth

day of the experiment. The threshold concentration of lead for N. obtusa cells

can be taken as 0.02 mg/l and the critical concentration as 0.5 mg/l.
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Effluent from pulp and paper production works at a concentration of 0.47.

produces a significant (but in some cells reversible) reduction in the membrane

potential of N. obcusa cells (to 70 mV). In a 6% solution of this contaminant,

the membrane potential is reduced to the values of the K-Na diffusion potentials

(-150 mV); in a 127 solution it comes down to values close to the cell wall

potential (about -70 mV). Thus, effluent at concentrations from 0.4 to 127. induce

a reduction or complete suppression of that part of the membrane potential of

N. obtusa cells which is determined by the operation of the electrogenic pumps.

In a 12% solution of this contaminant, breakdown of the cell membranes seems to

start as a result of the decrease in membrane potential to the level of the cell

wall potential. Prolonged exposure to a 37. solution of the effluent leads in the

algae to a reduction in the level of ATP available for supplying energy to proto-

plasmic movement. With a 12% solution, 50% of the cells died by the sixteenth

day of the experiment. The threshold concentration of the pulp and paper effluent

for N. obtusa cells can-be taken as 0.4% and the critical concentration as 127..

At concentrations of 0.03, 0.3 and 3.0 mg/l, DDT causes various bioelectric

reactions in N. obtusa cells. With some cells there are oscillations in the

membrane potential; in others an undulating depolarization or hyperpolarization

of 10-20 mV magnitude; in still other cells, no reaction to DDT is observed:

this may indicate that the pesticide has a delayed toxic effect on the cell

membrane and the bioenergetic activity of the algae. Under prolonged exposure to

DDT, a definite reduction in protoplasmic mobility occurs at a concentration of

0.3 mg/1, the death of certain cells begins to take place at a concentration of

3.0 mg/1, and 507 of the cells are killed (after 1-7 days) at a concentration

of 30 mg/l. The threshold concentration of DDT for N. obtusa cells can be taken

as 0.03 mg/1 and the critical concentration as 3.0 mg/1.

An increase in the temperature of the aquatic environment (up to 300 C)

impairs the physiological state of the algae and this is reflected in a reduced

protoplasmic drifting velocity, the death of individual cells and inhibition of

the formation and growth of apical cells. Increased water temperatures (to

25-29 C) do not usually have any significant effect on the 90Sr and 137Cs accumu-
210 144

lation levels in hydrophytes but slightly increase the Pb and Ce levels

and also the entry of these radionuclides (especially 210Pb) into the plant cells.

The differences in radionuclide accumulation in hydrophytes when thermal contami-

nation is present seem to be due mainly to the different physico-chemical states

of the radionuclides in both the aquatic environment and in the actual plant

cells. Higher water temperatures increase the toxic effect of lead on the algae.

90 137 144 -6
The radionuclides 9Sr, 13Cs and 1Ce (at concentrations of 37 x 10 -

37 x 10- Bq/l) have an inhibiting effect on chlorella populations, increasing

thelnumber of lethally damaged and mutant cells. However, these nuclides differ

greatly in their physiological and genetic effects on the algae. Whereas 14Ce

(the accumulation factor for which in chlorella is as much as 273 000 and which

accumulates mainly in the cell wall) has a somewhat greater effect on the rate

of photosynthesis and the number of lethally damaged cells, 90r (which has aof photosynthesis and the number of lethally damaged cells, Sr (which has a
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factor of 60 and which accumulates rapidly in the intracellular compartments of

plant cells as well) has a greater effect on the cell density and the number of
137 144

mutant cells than 3Cs (accumulation factor of 350) and 1Ce. The differences

between the effects of Sr and Cs (which like Sr accumulates to a great

extent in the intracellular compartments) can apparently be explained by the

different physico-chemical state of these radionuclides (as analogues of Ca and

K) in the plant cell protoplasm. The severity of the effect produced (at the

above concentration) on chlorella populations, and especially on the cell density

value and the number of mutant cells, thus depends mainly on where the radio-

nuclides are localized in the cells; this in turn is related to the physico-

chemical state of the radionuclides in the water and the cell and to a much

smaller extent to the values of the accumulation factors.
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APPLICATION OF A RADIOMETRIC ENZYMIC METHOD
FOR MONITORING ORGANOPHOSPHORUS AND CARBAMATE
INSECTICIDE RESIDUES IN WATER OF THE DANUBE RIVER

L. HORVATH, J. VOLFORD, L. BURSICS, T. FORSTER
Institute of Isotopes,
Hungarian Academy of Sciences,
Budapest, Hungary

Introduction

Pesticide residue analyses are conventionally based on gas

chromatography. These analytical procedures include tedious extraction

and clean-up manipulations prior to actual gas chromatographic

determinations. Pesticide residue analysts concern themselves usually

with the parent compounds, however degradation studies of

organophosphorus insecticides revealed that ionic dialkylphosphates,

phosphorothioates and phosphorodithioates are relatively stable

degradation products and they possess considerable anticholinesteratic

activities (1, 2). These compounds may be also noxious to aquatic biota

(3).

Investigating the persistence of organophosphorus insecticides in

sewage sludge (4, 5), it was concluded that microbial activity and pH are

the main factors influencing the degradation processes.

Because of the short residual life in water, organophosphorus

insecticides are not particularly regarded as water pollutants. However,

residue monitoring by means of the enzymic method revealed anti-

cholinesteratic residues in water of rivers. Wegman and Greve (6)

investigated pesticide residues in the Rhine river from 1969 to 1975.

They reported that cholinesterase inhibitors were present in each of the

investigated samples.

Utilizing the radiometric enzymic method, a residue monitoring

programme on the Danube river was started in 1978. The details of the

applied method are described in an earlier report (7). The degradation

of organophosphorus insecticides was studied in laboratory experiments.

Study area and methods

A section of the Danube river has been chosen as the area of

monitoring (Fig. 1). At Budapest the Danube river divides into two

branches surrounding the Csepel island. The left branch 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 mostly used for

irrigation, supplying fish ponds and for water sports.
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Pesticides applied on the neighbouring arable lands may contribute

to the pollution of the river. Insecticides used for control of mosquito

may also pollute the water. Little is known about the fate of

insecticides in water and about their impact on aquatic biota.

Along the river bank, 16 sampling points were marked out. For the

sake of quick handling of samples, only the first 10 sampling sites were

monitored from 1980.

One litre samples were collected and conveyed to the laboratory.

The assay was carried out on the same day. The samples were filtered on

Whatman No. 3 filter paper before enzymic assay.

In addition to the anticholinesteratic residue determinations, pH

was estimated and nitrate ion concentrations were determined by means of

an Orion microprocessor Ionanalyser 901.

Results

Data of residue determinations are given in malathion equivalents

calculated from the decrease of the enzymic activity of acetyl-

cholinesterase after incubation with water samples. Malathion was chosen

arbitrarily. The figures indicate that the anticholinesteratic residues,

if there are any present in the sample, inhibit acetylcholinesterase to

the same extent as the given concentration of malathion. In some

instances, chemical identification was made by gas chromatography.

Successful identification was achieved only in a few cases.

The monitoring programme of four years revealed high

anticholinesteratic residue levels in a number of cases. Pollution was

usually evenly distributed along the monitored section of the river,

referring to a pollution source somewhere upwards on the river.

In some cases, local contamination was detected, for example at

sampling site No. 13 on 29 June, 12 July and 26 July 1978. This sampling

site is a little side branch with stagnant water in the vicinity of

agricultural lands. It is possible that the contamination originated

from the application of insecticides on the field. Contamination was

also evident at sampling site No. 2 and No. 1 on 14 January 1980 and on

20 May 1980, respectively. Sampling site No. 2 is the inflow of an

irrigation channel.

Peaks of residues are usually in spring and summer months in

accordance with the seasons of application (Fig. 2). Also, surprisingly

high residue levels were found in some cases during winter time.

The early investigations gave sometimes extreme negative values,

which could not be explained as scattering around zero. Investigating

the phenomenon, it was recognized that the water samples possess a

certain acetylcholine hydrolyzing capability. From September 1978 the

hydrolysis of acetylcholine was also measured in the water samples using
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a similar assay procedure except for the addition of acetylcholinesterase

enzyme. The mean values of acetylcholine hydrolysis are plotted with a

broken line in Fig. 2. The natural cholinesterase activity of water

samples changed in reverse proportionality with pesticide residues.

Originally monitoring of pH and nitrate content was made to

identify some correlation amongst various sorts of pollutants. pH

fluctuated between 7.1 and 8.5. No relation was found with the pesticide

residue concentration nor with the nitrate concentration.

Degradation of residues

Degradation of organophosphorus insecticides was compared in water

of natural origin and in distilled water. Fig. 3 shows a degradation

curve of malathion and DDVP in water samples from Lake Balaton and in

distilled water. In natural water, degradation is significantly faster

than in distilled water. The half-life of malathion degradation is about

10 days in distilled water, while in natural water it is 4-8 hours.

Fig. 4 shows the degradation of anticholinesteratic residues in samples

of 16 June 1981.

For evaluation of the effect of solid practicles on the

degradation, the following experiment was carried out. 500 ml water

sample from the Danube river was filtered on Whatman No. 3 filterpaper.

Another 500 ml sample was used without filtration and a quantity of mud

was added so that after 1 hour about 5% sediment was found on the bottom

of the flask. Both flasks were spiked with 1 mg parathion. The results

of radiometric enzymic assays are shown in Fig. 5.

The degradation of thiophosphorus insecticides proceeds through a

thion to oxon conversion. The oxon form is more active as acetyl-

cholinesterase inhibitor and at the same time it is more susceptible to

hydrolysis. For this reason, the degradation of parathion when measured

by means of the enzymic method shows an increased anticholinesteratic

activity in the initial period. The oxidative degradation is more

profound in water samples which contain abundant sediment as compared to

filtered samples (Fig. 5). The filtered sample contained a significant

amount of parathion residues on the 54th day of the experiment while in

the sample with sediment parathion is practically not detected.

The four year monitoring of anticholinsteratic pesticide residues

in water of the Danube river has demonstrated that the radiometric

enzymic method has many advantages as a monitoring procedure in aquatic

environment. From a large number of samples quick information can be

gained without tedious sample clean-up procedure. By this method not

only the anticholinesteratic pesticides but all anticholinesteratic

activities are detected. The method is also suitable for studying

degradation of organophosphorus and carbamate insecticides in aqueous

media in the laboratory.
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A FLUORESCENCE TEST FOR DETECTING ENVIRONMENTAL
CHEMICALS AFFECTING PHOTOSYNTHESIS

D.E.W. ERNST
Institut fiir Biophysik,
Universitat Hannover und Abteilung fir Okologische Physik,
Gesellschaft fur Strahlen- und Umweltforschung m.b.H.,
Neuherberg, Federal Republic of Germany

A chlorophyll fluorescence test has been worked out for

estimating effects of chemicals on photosynthesis in aqueous environ-

ments.

Fluorescence of chlorophyll occurs from the lowest singlet to

the ground state. It may be quenched by triplet transitions and

radiationless transitions. Among the latter the natural quenching by the

photosynthetic process is the most important. Its intensity depends on

the photosynthetic turnover of the plants but it is additionally

influenced by factors like previous illumination, temperature, nutrient

supply, metabolic inhibitors, such as DCMU or environmental chemicals.

The fluorescence of any plant after a certain dark interval (some

minutes) is not constant but follows the curve described by Kautsky

(1943), which displays a maximum some seconds after the begin of

excitation and then tapers out to some asymptotic value. Herbicides and

other chemicals may affect the fluorescence in such a way that the

difference between maximum and asymptotic value decreases.

Our fluorometer designed for these measurements is light weight

field instrument and has the following features:

1) Excitation and emission wave-lengths are fixed. Hence filters are

used instead of costly monochromators.

2) A vertical light path avoids the error caused by sedimentation of

algae out of the light path during measurement.

3) A flash lamp minimizes battery weight and a photodiode avoids the

expense of a multilplier.

4) Excitation light from the lamp is filtered 3 times and the light

which is not absorbed in the cuvette is reflected back to the sample.

In this method the substance under investigation is added to a

healthy algae culture and the fluorescence is measured.

A series of chemicals, mainly pesticides has been tested by the

method (Fig. 1). Effects occur generally within 5 minutes after addition

of the substance. However, with heavy metals (hg, Cd, Pb) 24 h are

needed to show an effect. Synergisms between Cd, Pb and monuron could

not be detected.
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The reliability of this fluorometric measurement of the turnover

of the electron transport chain has been checked by the estimation of

algal photosynthesis using the 1 4 C02-method. Results of both tests

were well in agreement.

This fluorescence test has the advantage to be quick and due to

the portability of the instrument it can be easily carried out in the

field.
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SPATIAL AND TEMPORAL VARIABILITY OF WATER
SOLUBLE CARBON FOR A CROPPED FIELD

H.J. LISS, D.E. ROLSTQN
Department of Land, Air and Water Resources,
University of California,
Davis, California
United States of America

ABSTRACT

The water soluble carbon from soil extracts was taken from a two

hundred point grid established on a 1.2 ha field. The sampling was in

the fall after the harvest of a sorghum crop. The concentrations

ranged from 23.8 ppm to 274.2 ppm. Over 90 per cent of the

concentrations were grouped around the mean of 40.3 ppm. The higher

values caused the distribution to be greatly skewed such that neither

normal nor log normal distributions characterized the data very well.

The moisture content from the same samples followed normal

distribution.

Changes in the mean, the variance and the distribution of water

soluble carbon were followed on 0.4 ha of the 1.2 ha in a grid of

sixty points during a crop of wheat and a subsequent crop of sorghum.

The mean increased in the spring, decreased in the summer and

increased again in the fall. The spring and summer concentrations are

well characterized by log normal distributions.

The spatial dependence of water soluble carbon was examined on a

fifty-five point transect across the field spaced every 1.37m. The

variogram indicated little or no dependence at this spacing.

Introduction

Carbon is one of the most important single elements in soil.

Plants fix CO2 through photosynthesis forming carbonaceous compounds.

When the plant residues are incorporated in the soil, soil microbes

decay the carbonaceous compounds, utilizing the stored energy for

their metabolism as well as carbon atoms for their cell structure.
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Through oxidation, reduction, mineralization, immobilization,

volatilization and other reactions, these organisms control many

mineral transformations. Thus, the amount and availability of soil

carbon strongly influences biological processes such as pesticide

degradation and denitrification. In order to better understand the

dynamic nature of carbon mineralization and its effects on soil

processes, it is considered important to understand how carbon varies

temporally and spatially in field soils.

Water soluble carbon concentration in soils has been

significantly correlated with some biological processes (Burford and

Bremner, 1975). If water soluble carbon is assumed to be a good index

of "available" carbon for soil biological processes, it is important

to understand the variability of this parameter over the expanse of a

field and at various times of the year.

The objectives of this research were to determine if soil

extractable, water soluble carbon is a dynamic parameter which varies

over time and space and to attempt to estimate the magnitude of that

variation. Therefore, this experiment was established to determine

the mean, the variance, and the distribution of this parameter over a

field with respect to space and time.

Materials and Methods

A two hundred point grid was established in November, 1979 on a

1.2 ha field which had previously been cropped to sorghum. The soil

is classified as a Yolo loam, a member of the fine-silty mixed,

nonacid, thermic typic Xerorthens family, at Davis, California. All

standing vegetation had been removed and the field had been disked

twice to a depth of 0.2m. The grid consisted of ten rows and twenty

columns each 8.2m apart and the samples were obtained using a soil

tube (25 mm I. D.) at the intersections of the rows and columns to a

depth of 0.2m.

Shortly after the grid sampling, the field was planted to wheat.

Following the harvest of the wheat in May, 1980, the field was planted

to sorghum. The sorghum was irrigated four times including a
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preirrigation with the last irrigation occurring at the end of August.

The samplings reported in this paper refer to the 200 point grid on

the total 1.2 ha, a 60 point grid (8.2m x 8.2m) on 0.4 ha of the total

larger grid and one transect, 55 points spaced every 1.37m crossing

the field. Table 1 lists the crop sequence and the sampling dates.

All samples were sealed in polyethylene bags and stored at -10°C

until analyzed. The analysis for water soluble carbon followed the

procedure of Burford and Bremner (1975) with slight modifications.

After the soil was thoroughly mixed, 20 ml of double deionized

distilled water was added to 10 g of soil in a 50 ml centrifuge tube.

The sample was shaken for fifteen minutes and centrifuged at

11,000 RPM for 7 minutes. The supernatant was decanted and

centrifuged again for one hour at 11,000 RPM. The remaining solution

was filtered through a 0.45 micron TF millipore filter. The filtrate

was analyzed on a Dohrmann DC-80 Total Carbon Analyzer. All analyses

were run in duplicate. Every data point presented below represents

the average of two subsamples.

Results and Discussion

A. Distribution over the 1.2 ha Field.

Figure 1 is a histogram of the water soluble carbon extracted

from the 200 point grid. The x axis is scaled in a class size of

2 ppm and the y axis represents the numbers of sites within each class

size. The data ranges from a minimum of 23.8 ppm to a maximum of

274.2 ppm; however, it is evident that the bulk of the sampled

population (greater than 90% of the sites) is grouped between 23.8 ppm

and 48.2 ppm. Figure 2 shows concentrations at the lower end of the

range by deleting the higher values which skew the distribution to the

right.

To assess the overall pattern of distribution, a fractile diagram

has been presented in Figure 3 whereby the ordered data has been

plotted against a probability value (Probit) derived from a table of

normal distribution. In a fractile diagram, if the data is normally

distributed, it will be linearly represented. As indicated in the
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histogram in Figure 2, the fractile diagram in Figure 3 shows normal

distribution approached for the concentrations below 50 ppm, but the

overall distribution cannot be described as normally distributed since

the higher values cause a wide departure from linearity.

Normal distribution aptly describes the corresponding moisture

contents of this sampling. This is well illustrated in the histogram

of Figure 4 and the fractile diagram of Figure 5. All of the seven

samplings presented here exhibited normal distribution of the moisture

content, whether the mean was high (0.22, in the July sampling) or low

(0.13, in the October sampling).

The importance of the water soluble carbon distribution is that

the preponderance of values clustered around the mean might result in

a high value being considered as unrepresentative, as an outlier or

even cause it to be rejected as an experimental error. Whereas, in

fact, the higher values are an integral part of the population and

should be expected under similar circumstances. Verification of this

was observed in that the grid under comparable circumstances one year

later exhibited the same skewed distribution (see Figure 7e).

B. Changes in the Distribution of Water Soluble Carbon Over Time.

Five samplings of the 60 point grid were analyzed. A summary of

the relevant statistics is presented in Table 2. Figure 6 presents

the mean of each sampling as a closed circle and the striped bars

present plus and minus one standard deviation. Since Bartlett's test

proved that the variances were unequal, a test of Independent Samples

and Unequal Variances (Steel and Torrie, 1980) was used to compare the

means. The alpha level for the multiple comparison was established

following procedures outlined by Winer (1971). Means which are

significantly different at the 0.05 probability level are followed by

different letters in column eight of Table 2.

The mean of the November, 1979 60 point grid is not significantly

different from any of the other samplings. This is readily observable

in Figure 6 in that the relatively high standard deviation for this

sampling virtually encompasses every other mean and associated
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standard deviation. The spring sampling under wheat (April) indicates

an increase in the mean and a considerable decrease in the standard

deviation.

There are several factors which may explain this 25% increase in

the mean. Vigorously growing plants contribute water soluble carbon

by means of root exudates, sloughed off cells, detached root hairs,

mucigel and so forth. The more favorable growing conditions of April

would induce an actively growing microbial population which would

utilize the readily available energy source but also increase the

decomposition rate of the pre-existing soil organic matter. Also,

soluble carbon has been shown to increase when soil is subjected to

cold treatments. Although this soil was not exposed to extensive

hours of freezing temperatures, any reduction in the microbial

population would contribute to an increase in the water soluble

carbon.

The decreased variance of the April sampling is more difficult to

explain. Winter rains transport water soluble carbon deeper into the

profile and the continually moist conditions would cause diffusion of

high concentrations. Reducing the higher values over the winter while

raising the overall mean in the spring would decrease the variance.

The April mean is significantly different from the means observed

during the summer (July and August) though it is not significantly

different from the October mean. The July sampling mean is slightly

higher, but not significantly different from the August mean. Given

the widely reported flush of C02 in response to wetting and drying,

the summer months ought to exhibit the greatest fluctuation in water

soluble carbon observed during the year. Water soluble carbon should

steadily increase as the soil dries in between irrigations. Each

irrigation would then transport soluble carbon down the profile while

reactivating the resting microbial population.

There may be important increases of water soluble carbon during

the drying cycle which were not identified by the two summer samplings

presented here. It seems reasonable to assume that the significantly

lower means of water soluble carbon for the July and August samplings
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for an actively growing sorghum field must reflect the flushing action

of the irrigations.

This would seem to be corroborated by the fact that the July and

August means are both significantly lower than the October mean

notwithstanding the high variance of the latter. The crop in October

grew less actively, but since the last irrigation was at the end of

August, there was no flushing out of any water soluble carbon

increases.

Of note is a comparison between the 1.2 ha sampling, the 60 point

(0.4 ha) sampling in November, 1979 (which is simply a subset of the

larger sampling), and the November, 1979 transect. The lowest mean is

36.2 ppm for the transect, followed by 40.3 ppm for the total 1.2 ha,

followed by the highest mean of 43.5 ppm for the 60 point grid. None

of these means is significantly different from one another.

Nevertheless, there is a striking difference in the variances. The

variance of the 60 point grid (0.4 ha) is almost three times greater

than that of the total 1.2 ha and nearly twenty times greater than

that of the transect. This high variance occurs because the two

highest values for the overall sampling both occur in the smaller 60

point grid. Given the smaller sampling size (60 points), the effect

of these values is greater on the statistics of the smaller grid than

on the larger 200 point 1.2 ha sampling.

Figure 7 shows the changes in the distribution of water soluble

carbon for the five grid samplings. The April, July and August

samplings (Figures 7b, 7c, 7d) most closely approximate normal

distribution. However, in each of these cases the log normal

distribution provides a better fit of the data (Table 3). This is

illustrated in a fractile diagram of the April data (Figure 8a)

compared to a fractile diagram (Figure 8b) of the log transformation

of the same data. Neither the November, 1979 nor the October, 1980

samplings are well described by the log normal distribution. This is

illustrated in Figure 9a with the fractile diagram of the log

transformed data of the November sampling and Figure 9b with the

fractile diagram of the log transformed data of the October sampling.
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The distributions and the variances of the 60 point grid seem to

indicate that when there is a crop growing, with water supplied either

by rainfall or irrigation, a log normal distribution provides a good

description of the distribution of the data. In the fall, after

irrigation has been cut off, and before the winter rains have begun, a

small number of sites exhibit high values of water soluble carbon

which greatly skew the distribution of the total population to the

right and cause a deviation from the log normal distribution.

There is good reason to believe that the sources of these high

values in the November and Octoaber samplings are concentrations of

roots or plant residues, or both. The November sampling was conducted

after the field had been thoroughly disked and there was no observable

relationship between the location sampled and the presence of roots or

residues. The October sampling, however, was conducted while the

plants were still in the field, just prior to harvest, and the

location of the sampling with respect to the plants was noted.

Three locations were identified: in the plant bed (within 0.15m

of a plant), the edge of the bed (greater than 0.15m from the plant

but not in the furrow), and in the furrow. The lowest mean, 49.3 ppm,

was found on the edge of the bed. This was followed by the furrow

location whose mean equalled 51.6 ppm. The highest mean was in the

bed which equalled 61.8 ppm. Of the thirteen highest values which

cause the skewed distribution, twelve were located in the bed, the

other was located in the furrow. Nevertheless, the values in the bed

were spread over the whole range of the distribution. In fact, the

lower limit of the range was located in the bed.

C. Geostatistical Analysis of the Transect

The fifty-five point transect was established to determine if

there existed any spatial dependence between the sites with respect to

water soluble carbon. Not far from this field on the same soil the

spatial dependence of the infiltration rate had been demonstrated.

(Vieira et al., 1981). Since the change in water soluble carbon may

be related to downward transport, if spatial dependence could be
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shown, it could help to elucidate one of the processes causing change

from one sampling to another.

Spatial dependence can be determined by constructing a variogram.

The transect was sampled at fifty-five locations, each 1.37m from its

nearest neighbor. To determine if there is spatial dependence, the

deviation of the water soluble carbon-at any of these fifty-five

locations, Yi, is calculated by subtracting the overall mean from the

value of the water soluble carbon at that location.

To measure whether variation increases, decreases or stays

unchanged over a certain distance, h, a statistic is calculated, the

semivariance, yh. The semivariance is defined by:

(1/2)Z l (Y (i+j) 'Y (i)2

Y =n (Davis, 1973)

where n equals the number of pairs of points which are each h distance

away. In effect the semivariance takes every pair of points x

distance from one another and finds the difference in the deviation

between each pair. Then by making the same calculation for other

distances, 2x, 3x and so forth, a comparison can be made as to whether

the degree of variation with respect to the overall variances changes

as a function of distance or in other words, location.

The variogram plots the semivariance on the y axis against h on

the x axis. If there is an observable structure to the data, a

spatial relationship can be ascertained. If the data graphs as a

straight line parallel to the x axis, it is an indication that the

data at that spacing is randomly distributed. From the above equation

it should be clear that if the data graphs as a straight line it means

that the semivariance, the difference in the deviation, between the

pairs at the various distances calculated, is the same. Hence there

is no relationship as a function of distance and the data can be said

to be randomly distributed.
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In Figure 10 there is only the slightest possibility of

structure. It can be observed that the semivariance of all the pairs

up to 8.2m are below the total variance. Nevertheless without

stronger evidence plus the test of autocorrelation showing

nonsignificance it can be concluded that there is little evidence of

spatial dependence of the water soluble carbon at a distance of 1.37m.

D. Minimum Samples Required

The number of samples required to attain a sample mean within

ten percent and five percent of the "population" mean attained with a

greater number of samples was determined by the following calculation:

Z value x Standard Deviation (Steel and Torrie 1980)
N = ( - ) (Steel and Torrie 1980)

% tolerable error x mean

These results are presented in Table 3. The determining factor in the

number of samples required is the ratio between the standard deviation

and the mean. Given the range of the standard deviation (6.8 ppm -

32.1 ppm) and the range for the mean (36.0 ppm - 96.2 ppm), the

number of samples required to be within 10% error appears to be more

sensitive towards changes in the standard deviation than changes in

the mean. If the ratios of the standard deviation to the mean are

ordered from lowest to highest, those samplings most closely following

normal distribution require the fewest number of samples. Since the

procedure outlined above assumes normal distribution, this result

should not be unexpected.

Conclusions

A. A 200 point grid was established on a 1.2 ha field which was

thoroughly disked in the fall after the harvest of a sorghum crop.

The distribution of water soluble carbon was studied. The values

ranged from 23.8 ppm to 274.2 ppm. Most of the values were grouped

around the mean but a sufficient number of high values caused the

distribution to be greatly skewed to the right. Neither normal nor

log normal distribution characterized the water soluble carbon data

very well. Normal distribution did describe the moisture contents.
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B. The changes in the mean, the variance, and the distribution of

water soluble carbon were studied over time on a 60 point grid of a

0.4 ha cropped field. The mean changed significantly from a high

value in the spring to its lowest value during the summer, to a high

value the following fall.

The variance decreased in the spring, decreased further in the

summer and then increased greatly in the fall. The fall distributions

resembled the 200 point grid described above. However, the spring and

summer data are well characterized by log normal distributions. The

increase of the mean in the spring was attributed to plant

contributions and increased rate of decomposition. The reduction of

the variance in the spring and summer and the decreased mean in the

summer is attributed to the transport out of the sampling zone by

irrigation or rainfall and the increased diffusion under moist

conditions. The lack of irrigation and wet soil conditions in the

fall, combined with plant growth is proposed as an explanation for the

increased mean, the increased variance, and the departure from a log

normal distribution.

C. An examination of the spatial dependence of water soluble carbon

by plotting the variogram indicated little evidence of structure when

the sites were spaced at 1.37m, in the fall. On this basis, it was

concluded that if this field is sampled at a spacing of 1.37m, the

water soluble carbon will be randomly distributed.

E. Given the magnitude of the standard deviation and the means of

the field in the spring and summer, it was found that from 5-16

samples would be adequate to describe the mean within an error of 10%.

A far greater number, between 46 and 146, would be required in the

fall.

F. Further research is warranted in elaborating whether significant

changes in water soluble carbon occur during an irrigation cycle.

From reports in the literature, there is good reason to suspect that
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during the drying phase water soluble carbon reaches a maximum, thus

providing a readily available energy source to coincide with the

anaerobic conditions of the irrigation. Assessing the relative

importance of the processes causing change (transport, diffusion,

decomposition, and plant exudation) would establish whether the water

soluble carbon content of a field is an alterable parameter for

practical considerations.
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Table 1. Sampling dates, crop status and relevant field operations of
0.4 ha grid.

Sampling Date Cro Operation

1 Oct., 1979 Sorghum harvested
Nov., 1979 -- field prepared for
Dec., 1979-- wheat planted

2 Apr., 1980 wheat
May, 1980 wheat harvested
June, 1980-- field prepared fo:

r wheat

c sorghum

3

4

5

July, 1980

Aug., 1980

Oct., 1980

sorghum

sorghum

sorghum

field planted

last irrigation

harvested

ha Grid (200 point) Sampling and FiveTable 2. Water Soluble Carbon Statistics for the 1.2
0.4 ha Grid (60 point) Samplings.

Sampling date Status of Field Mean Standard Minimum Maximum Coefficient Significant
Deviation of variation Difference

November, 1979 disked, no crop 40.3 19.3 23.8 274.2 .48
(3 acre)

November, 1979 disked, no crop 43.5 32.1 27.1 274.2 .74 ab*
(1 acre)

April, 1980 wheat 54.6 7.4 40.5 75.1 .14 b

July, 1980 sorghum 39.1 9.5 25.0 95.2 .24 a

August, 1980 sorghum 36.0 7.2 21.4 60.0 .20 a

October, 1980 sorghum 56.5 23.1 33.3 156.4 .41 b

*Rows followed by the same letter are not significantly different at the 0.05 level by test of
Independent Samples and Unequal Variances (Steel and Torrie, 1980)

Table 3. Square of Correlation Coefficients of Fractile Diagrams and Minimum
Number of Samples to Approximate the Water Soluble Carbon Mean of Each
Sampling.

Sampling

1.2 ha Grid

0.4 ha Nov. Grid

0.4 ha April Grid

0.4 ha July Grid

0.4 ha Aug. Grid

0.4 ha Oct. Grid

Normal R2 Log Normal R2

.38 .82

.29 .68

.98 .99

.67 .86

.97 .99

.64 .84

±10%

63

146

5

16.

11

46

±5%

249

592

20

64

44

182
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1.2 HA, TRANSECT AND 0.4 HA SAMPLING
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Fig. 6. Mean and ± one standard deviation of seven samplings of soil extracts of Water
Soluble Carbon. November 1.2 ha grid sampling (open cicle, solid bar) represents
mean averaged over two hundred sites.on 8.2m x 8.2m spacing. November transect
(open circle, solid bar) represents mean averaged over fifty-five sites across
the field spaced every 1.37m. 0.4 ha grids represent sixty sites on 8.2m x 8.2m
sampling (closed circle, striped bar).
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Fig. 8a. Fractile diagram of Water Soluble
Carbon (PPM) of soil extracts from April, 1980
sampling of 60 locations on 0.4 ha grid.
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Fig. 9a. Fractile diagram of log of Water
Soluble Carbon (PPM) of soil extracts
from November, 1979 sampling of 60 locations
on 0.4 ha grid.

Fig. 9b. Fractile diagram of log of Water
Soluble Carbon (PPM) of soil extracts from
October, 1980 sampling of 60 locations
on 0.4 ha grid.

92



VARIOGRAM OF THE TRANSECT, WSC, NOVEMBER, 1979

80

A

60 

A~ A A
z- A. . a

4 4 4

40 . a a.. 

20

1.3 9.3 17.3 25.3 33.3
H - DISTANCE BETWEEN PAIRS CMETERS)

Fig. 10. Variogram of Water Soluble Carbon of 1.37m across the field. Gamma equals
the semivariance of points located at distance H, from one another H is indicated
on the x axis. Sampling was in November, 1979. The straight line equals the
overall variance, 52.2.

93



DEGRADATION OF PESTICIDE CHEMICALS IN SOIL WITH
PARTICULAR EMPHASIS ON THE APPLICATION OF
NUCLEAR TECHNIQUES

N. SETHUNATHAN, T.K. ADHYA
Central Rice Research Institute,
Cuttack, India

Soil is the major sink for most pesticides

used in agriculture and public health. Of the

processes (physical, chemical and biological)

involved in pesticide degradation in the complex

and dynamic soil system, biological process is

probably the most important for many pesticides.

The advent of labelled pesticides has provided a

new and simple tool in the study of fate and

behaviour of pesticides in the soil environment.

This review illustrates some of the important

applications of isotope technique in pesticide

residue analysis.

Labelled pesticides have been used frequently

for quantification of parent molecules and their

metabolites formed in the soil. Use of suitably

labelled pesticides serves as the only sensitive

tool for quantification and characterisation

'of one or more of the metabolites of some pesticides..

Thus use of labelled diazinon permits the quanti-

tative estimation of both parent molecule and its

hydrolysis product, 2-isopropyl-4-methyl-6-hydroxy-

pyrimidine vis-a-vis detection of only diazinon by

gas-liquid chromatography (g.l.c.). Again, isotope

technique is the only efficient tool for preparing

a balance sheet for pesticides applied to the soil.

Radiometric analysis combined with chromatography

(thin-layer chromatography, g.l.c. or column
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chromatography) or mass-g.l.c. would provide a

better or often complete insight into the pathways

of pesticide metabolism in the soil than has been

possible with nontagged pesticides.

14 14
Evolution of 14CO2 from the ring 4C of the

heterocyclic pesticides is a definite evidence for

microbial degradation of pesticides since ring

cleavage is essentially a microbial process, Using

this technique significant ring cleavage of several

heterocyclic pesticides has been demonstrated in

nonflooded soils. Moreover, mineralisation of two

organophosphorus insecticides, parathion and

diazinon in a nonflooded soil was accelerated in

the presence of bean seedlings, attributed to the

intense microbial activity in the dynamic and

nutrient rich rhizosphere (1)-Oxygenase has been

implicated in ring cleavage reactions. Consequently,

ring cleavage of most pesticides (diazinon, benzene-

hexachloride, carbofuran) is slow or almost completely

blocked in anaerobic ecosystems such as flooded soils

(2). Thus, 14CO2 evolution from ring- C-carbofuran

was virtually negligible under flooded conditions

14
whereas 16-27% of carbonyl- C was converted to

14C02 But in a flooded soil planted withlrice ring

cleavage of parathion was considerable (3), because

of the capacity of the rice plant to transport

oxygen from the foliage to the root region. Thus,

planted soil showed a seven-fold increase in the

14 14
production of 1 4 C02 from ring- C-parathion over

unplanted soil under flooded conditions.

A significant portion of several pesticides

applied to the soil remains in the soil after
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solvent extraction as soil bound or unextractable

residues (4). There is increasing concern over

the biological significance of bound residues of

pesticides in the soil and their uptake by crops.

The use of radiolabelled pesticides is the only

means of demonstrating and quantifying their bound

residues in the soil. For quantification of bound

residues the soil after solvent extraction is

Combusted to convert the 1C in the bound residues

of radiolabeled pesticides to 14C02 Recently, high

temperature distillation to release bound residues

has been used to determine and chemically identify

the bound residue of a herbicideprometryn. Bound

residues of pesticides may occur as parent molecules

and/or their breakdown products. But the charac-

terisation of soil bound residues for most pesticides

is yet to be accomplished. For some pesticides,

as for instance parathion, formation of bound

residues was more pronounced under anaerobic

conditions than under aerobic conditions. Interes-

tingly, unlike parathion (an organophosphorus

insecticide), persistent chlorinated hydrocarbons

dieldrin and DDT showed low binding properties and

high extractability from soils.

Direct measurement of pesticide soil-biota

interactions is not difficult especially under field

conditions. There is some scope of using labelled

substrates (14C- or H-glucose and 1 4C-carbonate)

for measuring heterotrophic microbial activity (in

terms of 14C02 or H20 formed in short term experi-

ments) as an index of the capacity of soil and

water systems to degrade pesticides by biological

means. The potential of this technioue is well

established in aquatic, but not in soil systems.
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Parameters, other than CO2 evolution, may be

important in anaerobic systems.

Field experiment with radiolabelled pesti-

cides is seldom feasible for reasons of high cost,

nonavailability and health hazard. In recent

years, model ecosystems have been developed and

tested as intermediates between laboratory and

field conditions to study the fate and transport

of radiolabelled pesticides in soil-plant system.

Isotope data generated from such model ecosystems

may be extended for predicting the behaviour of

pesticides under field conditions.

Radiolabelled pesticides are not indigenously

available in most developing countries. National

agencies of developing countries should be

encouraged to synthesise radiolabelled pesticides

for promoting research on the degradation of

pesticides in tropical environments.
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EFFECTS OF FERTILIZERS, FUNGICIDES AND
HERBICIDES ON THE FATE OF 14C-PARATHION AND
14C-FONOFOS IN SOILS AND CROPS

E.P. LICHTENSTEIN, I. FERRIS, T.T. LIANG, M. KOEPPE
Department of Entomology,
University of Wisconsin,
Madison, Wisconsin,
United States of Amerca

Abstract

The metabolism, and translocation of 1 4 C-parathion and 1 4 C-fonofos

deposits in and from agricultural loam soil into oat or corn plants growing in

an open agro-ecosystem were significantly affected by the presence of organic

and inorganic fertilizers as well as by the fungicide captafol (Difolatan) and

the herbicide atrazine. Utilizing another soil type in a closed system, the

interaction of selected fungicides, herbicides and N-fertilizers with

microorganisms in cranberry soils and their effects on the degradation of 14C-

phenyl-parathion were investigated. Soil microorganisms were responsible for

the oxidative as well as reductive degradation of the insecticide. Incubation

of soils with parathion of p-nitrophenol for 4 days, followed by the addition

of 1 4C-parathion resulted after 24H in an enhanced degradation of the

insecticide to 14 C02 (34-39% of the applied radiocarbon as opposed to 2% in

controls) and also in an increased binding of 14 C to the soil. The fungicide

captafol inhibited the degradation of soil-applied 14C-parathion as evidenced

Data used in this presentation are contained in:

1. Ian G. Ferris and E. Paul Lichtenstein. Interactions between

Agricultural Chemicals and Soil Microflora and Their Effects on

the Degradation of [ C]Parathion in a Cranberry Soil. 1980.

J. Agric. Food Chem. Vol. 28 No. 5, 1011-1019.

2. E. Paul Lichtenstein, Tung T. Liang and Mary K. Koeppe. Effects

of Fertilizers, Captafol and Atrazine on the Fate and Trans-
14 14

location of C-fonofos and C-parathion in a Soil-Plant Micro-

cosm. This manuscript has been submitted for publication to the

J. of Agric. and Food Chem. Copyright, 1982, American Chemical

Society.
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by a reduction of both 1 4 C02 evolution and 1 4 C-bound residues. Maneb and

benomyl suppressed the degradation of 14C-parathion to 14C0 2 but not the

formation of bound residues. PCNB had no effect. Addition of 2,4-D to 14C-

parathion treated soil also resulted in an increased persistence of the

insecticide. Studies conducted with the insecticide and (NH 4)2 S04, NH 4 NO3,

KNO 3 or urea showed that under all experimental conditions the total amounts

of 14 C recovered were similar, yet the distribution of 1 4 C-compounds into

benzene-soluble, water-soluble and bound residues was not. This possibly

indicated a change in the pathway of 1 4 C-parathion degradation. The

insecticide was most persistent in soils containing (NH4 )2S04, as demonstrated

by a recovery of 29% of the applied radiocarbon in benzene-soluble form.

Analyses by TIC of this benzene extraction phase revealed the presence of 14C-

parathion, 4C-p-aminophenol and 4C-aminoparathion. It appears that the form

of the N-soil amendment and not the N amendment as such affected the

degradation of 1 4 C-parathion. Results reported here stress the importance of

investigating the environmental fate of a particular pesticide in relation to

the presence of other agricultural chemicals.

Introduction

The environmental behavior of pesticides has in the past been

investigated primarily with one specific chemical, usually after its

application to soils, water or plants. Under normal agricultural practices,

however, a number of chemicals are often used resulting in a variety of mixed

pesticide residues in soils, water or crop plants. In addition to pesticide

chemicals, organic and inorganic fertilizers are applied which could affect

the fate of soil pesticides, possibly via an effect on the soil microflora.

Thus Rajaram et al. (1978) reported that a single application of ammonium

sulfate or potassium nitrate inhibited the hydrolysis of parathion in flooded

soil which had been inoculated with a parathion-hydrolyzing enrichment

culture. Doyle et al. (1978), utilizing a closed flow-through incubation

unit, reported that "altered rates of pesticide degradation were observed in

sludge and/or manure amended soils for a number of structurally unrelated

pesticides. 14C-product distribution varied with soil amendments." The

pesticides investigated in Doyle's study were primarily herbicides. Studies
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conducted in our laboratory with [14C] parathion (Ferris and Lichtenstein,

1980) showed that selected fungicides and inorganic nitrogen fertilizers

affected the degradation of [14C] parathion in Wisconsin cranberry soils.

Effects of Parathion Residues in Soil on the Fate of 1 4 C-Parathion.

Pretreatment of cranberry soils with parathion or n-nitrophenol

considerably increased the degradation of 14C-(ring)-parathion. This is

indicated by the increase in the evolution of 1 4 C02 , as shown in Figure 1.

The effects of soil pretreatment were in particular evident 1 day after soil

treatment with 1 4C-parathion. While in controls only 2% of the applied

radiocarbon had been released as 1 4C0 2, this figure amounted to 34% and 39%

with soils pretreated with D-nitrophenol or parathion, respectively. Counts

of aerobic bacteria in soils before treatment with radiocarbon indicated a

significant increase in bacteria in Z-nitrophenol pretreated soils, in

comparison to controls. It appears that the presence of p-nitrophenol applied

directly or derived from parathion, resulted in an increase of parathion-

degrading microorganisms. Data also showed that in parathion or D-nitrophenol

pretreated soils, 14C-parathion degraded rapidly within 1 day after its

application. At the same time, a remarkable increase in unextractable

bound 1 4C-soil residues had occurred, amounting to 4 to 5 times more than in

control soils. After 20 additional days of incubation (day 21), however,

these differences had largely disappeared. At that time, 14C-parathion had

also been degraded in controls and relatively large amounts of bound 14C-

residues had been produced. Still, considerably more 14C02 had evolved from

the pretreated soils, indicating that aerobic microorganisms had been more

active.

Effects of Selected Fungicides on the Fate of 14 C-(Ring)-Parathion in

Cranberry Soils.

The evolution of 14CO2 from 14C-parathion is one method to obtain

information about the rate of degradation of the insecticide. As shown in

Figure 2, some of the fungicides, indeed, inhibited the degradation of 14C-

parathion in cranberry soils. While with control soils 45% of the applied

radiocarbon had been released in the form of 14 C0 2 over a 3-week period, only

3% or 8% were released from soils treated with maneb or captafol,

respectively. As shown in Table I, the degradation of 14C-parathion was
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considerably inhibited by captafol, since 66% of the applied insecticide were

still present in these soils as opposed to only 3% in controls. The decreased

metabolism of the insecticide is also indicated by a significant reduction in

bound radiocarbon. Captafol apparently inhibited those soil microorganisms

which are usually responsible for the degradation of the insecticide. The

effects of captafol on the biodegradation of 14 C-parathion were similar to

those observed with autoclaved soils. Based on visual, non-microscopic

observations, captafol totally suppressed the population of soil fungi; but,

contrary to the effect of soil autoclaving, the total population of aerobic

bacteria, determined by plate dilution techniques, increased 5.9-fold. These

results are similar to those reported by Corden and Young (1965). Only one

colony type of bacteria predominated on 1:105 soil-dilution plates prepared

from captafol-treated soils. This suggests that captafol reduced bacterial

diversity.

Maneb also inhibited 1 4 C02 evolution from 14C-parathion, but not the

total degradation of the insecticide. As shown in Table I, only 8% of the

applied insecticide were recovered, yet considerably more benzene-soluble

radiocarbon (23%) was still present. TIC of the benzene extraction phase

revealed the presence of 1 4C-p-aminophenol in addition to 1 4 C-parathion. As

demonstrated by Katan and Lichtenstein (1977) binding of parathion residues to

soils occurs after the insecticide has been reduced to amino compounds. Thus

in the presence of maneb, 66% of the soil-applied radiocarbon was

unextractable as opposed to 38% with control soils. It appears, therefore,

that maneb did not affect soil microorganisms which are responsible for the

reduction of parathion in cranberry soils.

Benomyl affected 14C-parathion degradation, although to a lesser extent

than captafol and maneb. Thus, in benomyl-treated soils the amount of 1 4C0 2

evolved was only 18% of the applied radiocarbon. As with maneb, the presence

of benomyl in the soil resulted in recoveries of larger amounts of benzene-

soluble radiocarbon and in increased binding of 1 4C-compounds.

PCNB -1id not affect the fate of 14C-parathion in cranberry soils. This

fungicide is not harmful to bacteria, in some cases increases their number in

soils, and only affects streptomycetes and certain fungi in nutrient-amended

soils (Farley and Lockwood, 1969).
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Results from experiments conducted with soils treated with captafol at 1,

5, 25 or 100 ppm and with 14 C-parathion showed that fungicide concentrations

of 25 and 100 ppm equally inhibited the evolution of 14 C0 2 (Figure 3). Soil

residue levels of captafol more closely approximating those resulting from

normal agricultural practice, 1 ppm and 5 ppm, reduced total 14 C02 evolution

by 11% and 19%, respectively. These reductions were significant at the 5% and

1% levels (student's t), respectively, suggesting that in these experiments

the "No Effect" concentration of captafol was approximately 1 ppm.

Data presented in Table I indicated that in the presence of benomyl,

relatively large amounts of 14C-parathion-derived radiocarbon were bound to

soil. Experiments were therefore conducted with 1 4C-parathion and benomyl,

but without soil. Results showed that in culture media containing

microorganisms from cranberry soils, the degradation of the insecticide was

totally inhibited by the fungicide. Thus, in the presence of benomyl 100 ±

2.9% of the applied radiocarbon were recovered from the media. Of this 

radiocarbon 92.1 ± 3.7% were still associated with the benzene extraction

phase, and only 4.02 ± 0.11% were water-soluble. The pellet, obtained after

centrifuging the incubation mixture, contained 3.95 ± 0.9% of the applied

radiocarbon. Conversely, in benomyl-free incubation mixtures (controls), a

total of only 37.1 _ 3.6% of the applied radiocarbon was recovered, of which

7.51 ± 0.47% were benzene-soluble, 11.6 t 1.6% water-soluble and 17.9 ± 2.9%

were associated with the microbial pellet. The overall low recovery of

radiocarbon in the absence of benomyl (controls) was probably due to the loss

of 14 C0 2, which as shown by Gorder and Lichtenstein (1980), had been produced

by the microorganisms from 14C-parathion. Benomyl, therefore, affected the

persistence of 1 4C-parathion by eliminating or inhibiting those soil

microorganisms which degrade the insecticide. It should be kept in mind,

however, that the effects of benomyl at a concentration of 100 ppm in culture

media would be different from the same concentration in soil, where binding,

adsorption and other phenomena are of importance.

Effects of Selected Herbicides on the Fate of 14 C-Parathion in Cranberry

Soils.

Results obtained in experiments with 2,4-D and 14C-parathion showed that

the persistence of parathion in cranberry soils was increased in the presence
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of the herbicide. Thus, after 3 weeks of incubation, only 2.09 ± 0.31% of the

applied 1 4C-parathion could be recovered from control soils, but 12.2 * 2.3%

of applied were recovered from 2,4-D-treated soils. In addition, the soil

benzene extraction phases contained no reduced 14 C-amino compounds, while in

control soils 14C--aminophenol was detected by TIC. This suggests that 2,4-D

may have inhibited the reduction of 1 4 C-parathion by affecting the activity of

nitroreductase producing microorganisms. The undetectability of 14C-

parathion-derived amino metabolites in 2,4-D-treated soils was also reflected

in the reduced recoveries of soil-bound radiocarbon, which amounted to only

18.1 ± 1.9% of applied in 2,4-D-treated soils but to 37.6 ± 3.1% of applied in

control soils.

Preliminary, unreplicated tests with atrazine or monolinuron at 100 ppa

gave results similar to those observed with 2,4-D.

-Effects of Fertilizers on the Fate of 1 4C-Parathion in Cranberry Soils.

Previous studies in our laboratory with cultures of soil fungi indicated

that the degradation of both DDT (Anderson and Lichtenstein, 1971) and fonofos

(Flashinski and Lichtenstein, 1975) was a function of available nitrogen

sources. Studies reported here confirmed that some nitrogen fertilizers can

indeed inhibit the degradation of 14C-parathion in cranberry soils. Thus,

application of (NH4 )2S0 4 to 1 4 C-parathion-treated cranberry soils inhibited

the degradation of the insecticide to 14Co 2 , since only 8% of the applied

radiocarbon evolved as 14C02 during the 3-week incubation period (Figure 4).

In controls, however, this figure amounted to 46%. KNO3 also reduced the

formation of 14 C02 but not to the extent as observed with (NH 4 )2 SO 4 . Addition

of NH 4NO 3 or urea to 14C-parathion-treated soils had no apparent effect.

Results obtained after extraction and analyses of fertilizer-treated

soils and vapor traps are summarized in Table II. Although under all

experimental conditions the total amounts of 14 C recovered were similar, the

distribution of 14C-compounds into benzene-soluble, water-soluble and bound

residues was not, thus, possibly indicating a drift in the pathway of 14C-

parathion degradation. The insecticide was most persistent in soils

containing (NH 4 )2 S0 4 . This is demonstrated by a recovery of 29% of the

applied radiocarbon in benzene-soluble form. Analyses by TIC and

104



autoradiography of this benzene extraction phase revealed the presence of 14C-

parathion, 14C-p-aminophenol and 14 C-aminoparathion. Compared to controls,

some increase in bound radiocarbon was also noticeable in the presence of

(NH4 )2S04. Inhibitory effects of KNO3 on parathion metabolism as shown in

Figure 5 were also evident after extraction and analyses of soils and vapor

traps (Table II). All analytical results obtained with fertilizers in the

form of NH4 NO 3 or urea were similar to those observed with controls (Table

II).

The pH of the treated soils was slightly different, yet not enough data

are available to draw any definite conclusion.

The preceding data, therefore, indicate that the form of the N-soil

amendment and not the N amendment as such affected the degradation of 14C-

parathion. One reason for explaining the inhibition of the metabolism of 14C-

parathion to 1 4C0 2 by (NH4)2 S04 could be the lower pH level induced (Table

II), since bacterial activity is known to be suppressed by low pH. Soil

microorganisms differ in their ability to utilize various forms of nitrogen.

Thus microbial composition in soil is expected to be affected by the source of

nitrogen and this in turn could affect the metabolism of pesticides. In urea-

treated soils, nitrogen amendments resulted in a marked proliferation of

fungal and bacterial colonies. Eck (1971) reported that cranberry soils

contain large quantities of plant debris low in total nitrogen. This in turn

may limit the metabolism and breakdown of organic matter. If nitrogen

amendments resulted in a more favorable C:N ratio, a shift in the population

of soil microorganisms and an increase in microbial activity may result.

Whether fungi or bacteria will predominate will depend on many factors

(Stotzky, 1974), but the form of the nitrogen amendment may apply selection

pressure that results in conditions more or less favorable for parathion

metabolizing organisms.

Nitrogen fertilizer as (NH4)2 S04 is used in many Wisconsin cranberry bogs

and the amounts applied per year averages 45 lbs. of actual nitrogen per

acre. Assuming that a 3" deep acre has an approximate weight of 1 million

lbs., the concentration of nitrogen equivalent in this soil would amount to 45

ppm. Since this concentration is below that used with all fertilizers in the

experiment described above, similar experiments were conducted with (NH4 )2S04
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at concentrations of 55 and 110 ppm of nitrogen equivalent. Tests were also

conducted with NH 4N03 at 91 and 182 ppm of nitrogen equivalent, since no

effects on the degradation of 1 4C-parathion had been noticed with NH4 NO3

concentrations of 100 ppm (Figure 4 and Table II). After mea~song the amount

of 14 C02 evolved from the fertilizer-treated soils over a three-week period,

it was found that (NH 4 )2SO 4 at 55 ppm of nitrogen equivalent inhibited 14C02

evolution to the same extentas did a concentration of 110 ppm. Therefore,

these data do not show the potential threshold concentration for (NH4 )2SO 4

relative to the inhibition of 1 4 C-parathion degradation. With NH 4NO 3

concentrations at 91 ppm of nitrogen equivalent, results similar to control

and to those obtained with concentrations of 100 ppm (Figure 4) were

obtained. However, an increase of the NH 4 NO 3 concentration to 182 ppm

nitrogen equivalent did result in a 52% inhibition of 14C02 evolution

from 14C-parathion. This suggests that above a threshold concentration of 100

ppm nitrogen equivalent NH4 NO 3 suppression of 14 C02 evolution is dose

related. Flashinski and Lichtenstein (1975) reported that the metabolism of

fonofos by the fungus Rhizopus arrhizus was also inhibited by NH4 NO3 at high

concentrations, which is consistent with these findings.

Results reported in this study show that a reduction in the population of

soil microorganisms resulted in a decrease in one or more of the degradation

processes of 14C-parathion. It appears that not only the number but also the

composition of the microflora affects the fate of the insecticide. Thus,

degradation of 14C-parathion was similar in both steam-aerated and

chloramphenicol-treated soils, yet the number of aerobic soil-bacteria was

different. Apparently, degradation of 14C-parathion to 14C02 and production

of bound residues are carried out by different groups of microorganisms, since

in certain cases only one of the two processes could be stopped as with

glucose, maneb or (NH4 )2S0 4.

To further investigate interaction phenomena, open and closed

agricultural microcosms were used as shown in Figure 5. Oat or corn plants

were grown in open systems within insecticide-treated loam soil. With this

set-up the effects of fertilizers, captafol and atrazine on the metabolic fate

and translocation of [14C] fonofos and [14C] parathion from loam soils into

oats and corn were studied within open and closed agricultural microcosms.
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After a 2-week plant growing period in open systems, more radiocarbon was

recovered from fonofos-treated soils containing also cow manure, sewage sludge

or atrazine and less from oats or corn grown in these soils. Presence of

these amendments in fonofos-treated soil also resulted in an increase of

unextractable, bound [1 4 C] residues, while ammonium sulfate and captafol had

no effect. In parathion-treated soils manure and sludge increased the

formation of bound residues, while ammonium sulfate, atrazine and in

particular captafol inhibited their formation. Oat greens from fonofos-

treated soils contained primarily non-insecticidal metabolites. Oats from

parathion-treated soil contained less 14 C] residues, most of them in the form

of parathion. Production of 14C0 2, from the [14C] insecticide-treated soils

was significantly inhibited by all amendments, in particular by captafol and

manure. Results indicate that soil amendments indirectly inhibited the

production of 14 C02 by directly affecting soil microorganisms, primarily soil

fungi, responsible for the degradation of the insecticides. Microbiological

degradation of [14 C] glucose in soils to 14C02 was inhibited by manure and

sludge, increased in the presence of captafol and atrazine, and was not

affected by ammonium sulfate.
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Table ;. The Effect of Fungicides/ on the Fate of 14C-(ring)-Parathion in Cranberry
Obtained after 3 Weeks of Incubation are Means * S.D. of Triplicate Tests.

Soil. Results

Cranberry soil plus:

None Difo]atane Manzate& Benlatee Terraclore
(control) (cantafol) (maneb) (benomyl) (CNB)

14C recovered in % of applied 1 4 C-(ring)-parathiornb/

Soil
Extraction phases

Benzene
14_

Parathions /

Water
Bounda/

Vapor traos
Polyurethane
MH

1 4C

% of control

Total

7.30 ± 2.03
2.83 ± 1.01
0.69 ± 0.55
37.5 t 2.1

1.45 t 0.22

44.5 t 3.0
100

91.4 ± 2.5

74.8 ± 10.2t/
65.6 ± 14.0

1.02 ± 0.02
6.63 ± 2.595/

2.83 t 0. 4 6 f /

7.72 ± 6.7? /
17

93.0 t 3.5

22.9 t 2,1' /

8.00 ± 3.6
0.67 ± 0.19
65.6 ± 5.7f /

16.7 t

4.12 ±
0.47 ±
56.0 ±

1.7 f/
0.88
0.05
5.3£/

2.78 t 0.20/ 1.76 ± 0.201/

2.87 : 1.58- / 18.4 t 4.4! /

6.4 41

94.9 t 2.4 93.3 ± 1.8

4.93 k 0.25
1.40 ± 0.17
0.56 t 0.04
39.1 * 1.04

1.61 t 0.14

44.0 ± 1.7
99

90.2 t 0.5

a/ Captafol (analytical grade) and commercial formulations of Manzate®, Benlatee or Terraclor*

were mixed with soil at 100 ppm AI on a dry wt basis.

b/ Applied 14C-ring)-parathion (0.34 uCi) at 8.5 Mg/cm2 '

/ Deaterained by GIC.

d/ Unextractable, bound 14C.

ef/ Data are significantly different from respective controls (None) at the 0.1% (e) and 1%

(f) level (Student's t test).
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Table II. The Effects of Nitrogen Fertilizers/ on the Fate of 14C-(ring)-Parathion in Cranberry Soils.
Results Obtained after 3 weeks Soil Incubation are Averages of Duplicate Tests

Cranberry soils plus:

None (NH4 )2S0 4 XNO3 NH 4NO 3
(control)

14C Recovered in % of applied 14 C-(ring)-parathionb/

Urea

Soil
Extraction phases

Benzene
Water

BoundIS/

Vapor traps
Polyurethane
KDH

Total

Soil pH after:
No incubation
3-weeks incubation

5.47 ± 0.39
0.37 ± 0.09

33.7 ± 0.6

2.21 ± 0.44
45.8 ± 1.0

87.5 ± 0.4

28.7 i 9.4
0.70 * 0.28

48.6 t 10.4

3.90 * 1.0
7.94 * 0.83

89.8 ± 0.6

12.1 ± 1.7
0.65 ± 0.11

42.4 ± 4.8

3.55 ± 0.39
29.5 ± 5.1

88.2 ± 1.7

5.86 * 0.55
0.57 ± 0.05

31.5 * 0.7

1.88 ± 0.89
48.7 ± 1.1

88.6 ± 0.6

5.26 ± 0.11
0.50 ± 0.36

36.7 ± 1.3

2.10 ± 0.56
45.4 ± 0.07

89.9 ± 1.6

5.97 ± 0.02
5.64 ± 0.06

5.34 ± 0.04
5.14 t 0.15

5.24 + 0.03
6.69 i 0.04

5.37 ± 0.03
6.06 t 0.07

6.06 ± 0.01
6.40 ± 0.06

a/ Mixed with soils at 100 ppm nitrogen equivalent

b/ 1 4 C-(ring)-parathion (0.81 pCi) was applied to the soil surface at 8 pg/cm 2 .

c2/ Unextractable, bound 14C.
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Figure 1. The effect of parathion or p-nitaophenol in soil on the evolution

of 14C02 from soil-applied 14C-(ring)-parath/ion. Results are means

of duplicate tests and represent accumulated 14C02 evolution.
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Figure 2. The effect of frunc cides on the evolutlon of 14C0 2 fro soil-

applied 14C-(ring)-parathion. Captafol or commercial formulation

of ManzateO, Benlatee and TerraclorD were mixed with cranber-y soil

at 100 ppm AI before a surface application of 14C-(ring)-parathion

(0.34 pCi) at 8.5 ug/ca2 . Results are means of triplicate tests

and represent accumulative 14C02 evolution.
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CRANBERRY SOIL TREATED WITH 4C-PARATHION

E O - PLUS CAPTAFOL (DIFOLATAN) AT pPm

/ .o.a NONE
/g ~..o~*&--' (CONTROL)

I' I .-- I

20 -

i ao 

triplicate tet /

03 I~~~~~~ 3

WEEKS OF SOIL INCUBATION

Figure 3. The effect of increasing concentrations of captafol (Difolatan®) on

the evolution of 14C2 from soil-applied 1 4C-(ring)-parathion.

Captafol was applied and mixed with soil before application of 14 C-

(ring)-parathion (0.78 iCi) at 8 Ug/cm2. Results are means of

triplicate tests.
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Figure 4.

WEEKS OF SOIL INCUBATION 

The effect of nitrogen fertilizers on the evolution of 14C02 from

soil-applied 14C-(ring)-parathion. Fertilizers (as analytical

compounds) were mixed with cranberry soil at 100 ppm nitrogen

equivalent prior to the application of 1 4 C-(ring)-parathion (0.81

iCi) at 8 Vg/cm2 . Results are means of triplicated tests.

OR CORN PLANTS

o® ® 
TREATED WITH

'C- INSECTICIDE PLUS NONE, CM, SL, NH, DI OR AT

Figure 5. Soils treated with [14 C1 fonofos or f
14 C] parathion to which also

cow manure (CM), sewage sludge (SL), (NH 4 )2S0 4 (NH), Difolatan®

(captafol) (DI) or atrazine (AT) had been added. A) depicts the

open system with oats or corn and B) the closed system.
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INFLUENCE OF CARBOFURAN ON CERTAIN METABOLIC AND
SYMBIOTIC ACTIVITIES OF A COWPEA RHIZOBIUM

SP. PALANIAPPAN*, A. BALASUBRAMANIAN
Department of Agricultural Microbiology,
Tamil Nadu Agrcultural University,
Coimbatore, India

INTRODUCTION

Soil, which serves as a substratum and nutrient source for

plants is also a repository for pesticide chemicals during foliar and

soil applications. In this paper, the effects of a commonly used

insecticide (carbofuran) on certain metabolic and symbiotic activities of

a beneficial soil bacterium, Rhizobium sp., are reported.

MATERIALS AND METHODS

Microorganism: Rhizobium sp. (strain P. 47), cowpea group, an isolate

obtained from the culture collections of the Department of Agricultural

Microbiology, Tamil Nadu Agricultural University, Coimbatore, was used in

the present investigation. The Rhizobium isolate was maintained on yeast

extract mannitol agar slants and was then multiplied in malt extract

medium (5).

Stock solution of the insecticide: 133.3 mg of 75% dustless base of

carbofuran (2,3-dihydro-2,2-dimethyl-benzofuran-7-yl-methylcarbamate)

supplied by M/S Rallis India Ltd., Bombay, India, was dissolved in 100 ml

of 10% acetone (aqueous solution) and the solution served as stock

solution containing 1000 ppm a.i. carbofuran.

Plant culture: Circular mud pots of 30 cm diameter were filled with

sieved red soil (Alfisol order with colour 5 YR) mixed with farm yard

manure (5 Z). Furadan 3G, a formulation of carbofuran, was added to the

soil in each pot to a final concentration of 0 ppm, 2 ppm, 5 ppm and 10

ppm on the basis of the active ingredient and mixed thoroughly. Cowpea

seeds (Var. C 152) treated with a suspension of the Rhizobium cells (1 x

109 cells/ml) were sown and watered periodically to maintain 50 Z of

the maximum water holding capacity.

* Present address: National Pulses Research Centre, Pudukkottai 622 001, India.

113



For in vitro insecticide tests, 1 ml of 72 hr old culture of the

Rhizobium sp (log phase cells) was inoculated into 99 ml of malt extract

broth contained in 250 ml Erlenmeyer flasks and calculated quantities of

carbofuran from the stock solution were injected aseptically into the

flasks so as to get final concentrations of the insecticide viz. 0, 2, 5

and 10 ppm (a.i.). The flasks were incubated under shake culture at

28 _ 2°C. The growth of the organism was monitored at periodic

intervals through optical density measurements (2).

14 C-lucose oxidation and cellular incorporation: 1 ml of the inoculum

was transferred to 99 ml of the modified Burton's medium (6) along with

0, 2, 5 or 10 ppm of carbofuran. All the flasks were incubated for 72 hr

on a wrist action shaker. After 72 hr, 0.2 ml of radioactive

14C-glucose solution (1 pCi of 4.64 x 10- 6 M glucose) was added to

the medium. The flasks were closed tightly with rubber stopper with a

glass vial containing 10 ml of 2N NaOH solution hanging inside and

incubated for another 24 hr at 28 _ 2°C. After the incubation, the

cells were harvested by centrifuging and were fractionated into various
14

cellular constituents following the method of Kamen (7). 1C-radio-

activity of the cellular fractions viz. polysaccharides (cold TCA

soluble), cell wall and cytoplasmic membranes (alcohol soluble), fatty

acids (alcohol-ether soluble fraction), nucleic acids (hot TCA soluble)

and proteins (insoluble fraction), as well as the activity absorbed by

the alkali in the glass vial and the residual activity of the growth

medium were determined.

Oxidation of TCA cycle intermediates was estimated

manometrically in a Warburg respirometer (13).

14 14
Oxidation of C-glucose and C-acetate in soil: 100 g of sieved red

soil was taken in 250 ml Erlenmeyer flasks and autoclaved at 15 p.s.i for
14

1 hr. To this were added 0.2 ml of 1C-glucose solution (uniformly

labelled, carrier-free) of 1 jCi activity (1 pCi per 4.64 x 10- 6 M

glucose) and 1 ml of rhizobial cell culture (ca. 1 x 109 cells/ml)

along with 0, 2, 5 or 10 ppm of the insecticide and mixed thoroughly.

Moisture was maintained at 50% MWHC using sterilized water. 10 ml of

2N NaOH solution taken in a glass vial was kept hanging inside the flask
14

to absorb C02 liberated from soil. The flasks were tightly
+ 14

stoppered and incubated at 28 - 2C. The activity of CO2

released during incubation and absorbed in the alkali was estimated at

periodic intervals following the method described in (1). The same

method was followed for estimating 1 4C-acetate oxidation with sodium

acetate - 1,2 14C (specific activity 33.7 mCi per mM) as substrate.

114



Cowpea growth and symbiotic activities: Cowpea (Var. C 152) plants were

raised in mud pots containing furadan treated soil. The growth

parameters viz. root length, shoot length and dry matter production were

recorded. The nitrogen content of whole plants was estimated following

the method of Humphries (4). The number of nodules and nodule weight per

plant were recorded at periodic intervals. Nodular respiration of

severed, intact root nodules of uprooted plants was estimated

manometrically in a Warburg respirometer. For estimating leghaemoglobin

content, the method of Proctor (9) was followed, calculated from a

standard graph and expressed in mg/g of fresh nodules.

Nitrogenase activity of root nodules was determined by acetylene

reduction method described by Koch and Evans (8). The nodules were

collected from the roots of the plants and transferred to a 100 ml

Erlenmeyer flask and the container was evacuated and flushed with a gas

mixture containing 22.4% oxygen, 0.0141% carbon dioxide and 77.5% argon

and then filled with the same gas at the atmospheric pressure. Acetylene

was injected into the container and the reaction was allowed to proceed

for 1 hr at 28 _ 20C. Then the gas sample was withdrawn and fed to

the gas chromatograph (Perkin Elmer, F.33, USA, with FID system). The

activity was calculated and expressed as imoles of C2H4 produced/g

dry nodules/hr.

14
Translocation of foliar applied 1-C-glucose: Uniformly labelled
4C-glucose was applied to 45 to 50 day old cowpea plants following the

foliar swabbing method (11),1 iCi per plant. The plants were left for

another 48 hr and then removed carefully without disturbing the roots and

washed. The root nodules from the plants under each treatment were

removed separately. Two to three nodules were placed in an aluminium

planchet, crushed well with a glass rod and dried under infrared heat.

The radioactivity was determined in a proportional counting system.

Dried root samples were powdered and sieved through 1 mm sieve in a

grinding mill. A known weight of root sample was taken in a planchet and
14

the 1C-activity was determined.

Degradation of carbofuran: A culture suspension of the Rhizobium sp.

(ca. 1 x 10 cells/ml) was added and mixed thoroughly with a known

quantity of sterilized soil containing 100 ppm of carbofuran and

incubated at room temperature with 50% MWEC. Samples were periodically

drawn for the qualitative analysis. The insecticide and its metabolites

were extracted and analysed by thin-layer chromatography as described by

Gupta and Dewan (3).
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RESULTS AND DISCUSSION

Influence of furadan on growth and metabolism of Rhizobium sp. in vitro:

Carbofuran inhibited the in vitro growth of the bacterium only

at 10 ppm (Fig. 1). Incorporation of 14C-carbon in the whole cells was

not affected by 2 and 5 ppm levels of carbofuran in the growth medium

whereas 10 ppm level enhanced it (Fig. 2). Even though there was a
14

general increase in the 1C-incorporation in the whole cells, the

incorporation in different cellular components was found to be markedly

altered by carbofuran. The polysaccharides (cold TCA soluble), cell wall

and cytoplasmic membranes (alcohol soluble) and fatty acids
14

(alcohol-ether soluble) were found to contain more C-activity than in

the untreated control, while the protein (insoluble) and nucleic acids

(hot TCA soluble) fractions contained low activity. Sekar (11) also
14

reported that aldicarb affected C-incorporation in different cellular

fractions of Rhizobium sp.

Oxidation of TCA cycle intermediates viz. acetate, pyruvate,

citrate, succinate and fumarate was generally not inhibited at 2 and 5

ppm levels of carbofuran. But the 10 ppm level supressed oxidation of

all the intermediates.

Rhizobial activity in soil: Furadan had no effect on 14C-glucose

oxidation at 2 and 5 ppm levels (Fig. 3). But the 10 ppm level caused

significant reduction in 14C-glucose oxidation. It was also observed
14

that furadan markedly inhibited the oxidation of C-acetate at 10 ppm

level (Fig. 4)

Cowpea growth and symbiotic activities: Furadan at 2 ppm level enhanced

the plant dry matter production (Table 1). Such stimulatory effect of

furadan at 1 ppm level has been reported by Wheeler and Bass (14) in

soybean plants. But 5 ppm and 10 ppm rates reduced the growth, dry

matter production and total N content. Also, a reduction in nodule

number and weight was observed at 5 and 10 ppm levels.

Soil application of furadan at 2 ppm had no effect on nodular

respiration while 5 ppm and 10 ppm reduced the same (Fig. 5). The

reduction might be either due to poor development of nodules since the

insecticide was applied right at the time of sowing or to the varied

quantity of leghaemoglobin, a pigment which helps maintain the optimum

oxygen tension inside the nodule. The leghaemoglobin content of root

nodules is given in Table 2. The nitrogenase activity is shown in Table

3. Inhibition in nodular respiration might be due to this low

photosynthate supply. Therefore, a 14C-glucose translocation study was

made, which showed that furadan at 5 ppm and 10 ppm reduced the

translocation.
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Degradation study showed that carbofuran was degraded by the

Rhizobium sp. and formed the first degradation product (Rf 0.40) within

30 days and a second compound (Rf 0.29) in 45 days (Table 4). These

degraded products resembled the metabolites 3 keto carbofuran (Rf 0.44)

and 3 hydroxy carbofuran (Rf 0.25) reported by Gupta and Dewan (3). Tu

and Miles (12) and Rajukannu (10) have also found that the first

degradation product of carbofuran in soil was 3 keto carbofuran.
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Tab le 1.

-fect of soil aollcation of ura.an on co-oea aro-.th

Plant age Dry matter yiel i g/planit
(cays) _

0 ppm 2 ?pm 5 pDn 10 ppm

15 0.44 0.27 0.24 0.21

30 Oq5 0.7 0.6o 0.48

45 1.57 1.?s 1.56 0.33

60 1.75 i.56 1.66 0.95

Table 2.

Effect of Furadan on leghaenoglobin content of covwaea nodules.

Treatment r lg of legharsioglobin
/g fresh nodules

Control 4.65

-uradan 2 opm 4.97

,'uradan 5 ppm 5.09

:uradan 10 ppm 1.62
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Table 3.

Effect of soil asolication of -uradan on nitrogenese
activity of co:.rea n,.dules

Plant age /u rocies of 2H.4 proCuced/g n.->ue/nr
(devs) 

D np. 2 pm;n 5 ppm 10 pom

30 42.3 43.2 35.6 25.6

45 37.1 33.2 31.6 22.3

69 2-.3 27.1 21.8 17.0

Table 4.

Degradati on of carDoruran by .ih zobiurn sp in sterilazed soil

Treat-ients incibaton time

15 days 30 days 45 days

Carbofuran(UnInoculated) -
(0.48) (0.48) (0.48)

Carbofuran (-hizobium - -,+ -,,
inoculated) (0.43) (0.48) (0.43)

(0.40) (0.40)
(0.2n )

- indicates presence ,; 2riglnal cor:pound

+ indicates oresence J - degraation product

2'igures in parenthases indicate .- value.
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FATE OF 2,4-D HERBICIDE IN SOIL-PLANT ECOSYSTEMS

G. ONAL
Zonguldak State Academy of Engineering and Architecture,
Department of Chemistry,
Zonguldak, Turkey

INTRODUCTION

The aim of this study is to investigate the behaviour of 2,4-D

herbicide in Turkish soil-plant ecosystems under laboratory, greenhouse

and field conditions using isotope tracer techniques.

EXPERIMENTAL AND RESULTS

1. Laboratory Studies

a) Degradation Studies in Closed Systems

Studies were made in three soils in a closed system. The soil was

incubated with 1 4 C-2,4-D (labelled at the carboxyl group) solution

(specific activity, 31 mCi/mmol) at 25°C and the released C02 was
14

collected in IN NaOH solution (1). C-activity was determined in a

liquid scintillation counter, Corumat 2700 (Table 1).

Table 1 - Degradation of 2,4-D in soil

14
% Radioactivity Recovered as 1CO2

14
(applied C-activity = 100%)

Soil Type 1 Week 2 Weeks 3 Weeks 4 Weeks Total

Soil 1 18.69 2.82 2.00 1.07 24.58

Soil 2 16.04 1.86 1.22 0.60 19.72

Soil 3 15.39 1.58 1.22 0.55 18.75

It is seen that degradation was faster in soil 1 (rich in organic
14

matter). In the first week, CO2 was given off relatively rapidly

from the three soils.

b) Degradation Studies in Soils with Different Moisture Contents

Degradation of 2,4-D at room temperature (approx. 24°C) in soils

with three different moisture contents (10, 15, 20%) was studied (2).
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14
20 g of soil in small vials were incubated with C-2,4-D and the

residue in the soil was extracted with 40 ml of methanol at various

intervals (Table 2). It may be concluded that changing the moisture

content did not significantly affect the degradation rates of 2,4-D.

Table 2 - Degradation of 2,4-D at different moisture contents

--Time--

(weeks) 10% Moisture

Content

Percentage Degradation

15% Moisture

Content

20% Moisture

Content

1 85 88 89

2 92 93 95

3 92 95 96

4 94 95 96

2. Greenhouse Studies

Studies of the distribution of 2,4-D in plant and soil systems were

carried out under greenhouse conditions. In two soil types, barley,
14

wheat and oat plants were grown after the application of C-2,4-D to

soil (3). After four weeks, plants were harvested and the residues in

plant and soil samples were analysed.

50 g of soil were extracted three times with 100 ml methanol and

shaken for two hours. An aliquot of 5 ml from each extract was taken

into the counting vial evaporated to dryness and diluted with 5 ml of
14

scintillation solution for determination of 1C-activity.

Unextractable residues in the soil were determined by a wet combustion

method (Fig. 1). Results are given in Table 3.

14
Table 3 - C-activity recovered from extraction and combustion

of soil samples

Soil Plant Percentage Activity Recovered

Type From Methanol From
Extracts Combustion

Soil 1 Barley 1.45 13.8

Soil 1 Wheat 1.22 45.6

Soil 1 Oat 8.25 87.0

Soil 2 Barley 2.66 17.9

Soil 2 Wheat 0.99 27.8

Soil 2 Oat 0.63 24.6

Residues were extracted from the plant samples by using twice 50

ml methanol. The radioactivity left in the plant residue was directly

determined in LSC. Results are given in Table 4.
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Table 4 - 14C-activity in plant extracts and in plant residue

Plant Soil Percentage 14C-activity (applied activity = 100%)
Type Extracts Plant Residue

Barley Soil 1 0.009

Wheat Soil 1 0.04 --

Oat Soil 1 - 0.002

Barley Soil 2 - 0.005

Wheat Soil 2 - 0.003

Oat Soil 2 - 0.004

The results indicate that the uptake of 2,4-D by barley, wheat and

oat plants during 4 weeks under greenhouse conditions was very low and

most of the herbicide was left in the soil.

3. Field Studies

a) In an experiment aimed at studying the degradation and leaching of

2,4-D under field conditions, polyethylene tubes were put in the

experimental field and 14C-2,4-D solution was applied on top of the

tubes. After 4 weeks, the tubes were taken out and the soil in each tube

was extracted with 250 ml methanol/100 g soil in a Soxhlet extractor for
14

48 hours (4). C-activity was counted in LSC. The non-extracted

residues in soil were determined by a wet combustion method. Results are

given in Table 5.

Table 5 - 14C-activity recovered from extraction and combustion of

soil samples as % of the applied herbicide

Soil % 14C-activity Z 14C-activity
Depth recovered from recovered from
(cm) extraction combustion

0-10 5.6 30.1

10-20 5.1 14.2

20-25 4.1 3.8

Total 14.8 48.1

In 4 weeks, 2,4-D was leached down to 25 cm depth in soil and the

balance in this experiment was 62.9%. 37.1% of the herbicide are

presumably lost due to degradation of the compound to CO2.

b) An experiment was conducted to study the effect of crops and

fertilizer on 2,4-D under field conditions. Barley, wheat and oat plants
14

were grown in small boxes in the field and sprayed with C-2,4-D and

some of the boxes were mixed with diammonium phosphate fertilizer. After

4 weeks plants were harvested, the residue in the plants was extracted
14

with 250 ml methanol in Soxhlet extractor for 48 hours and C-activity

was counted (Table 6).
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14
Table 6 - 1C-activity recovered from Soxhlet extraction of plant

samples and from the plant residue

% 14C-activity

Plant Extracts Plant Residue

Barley 0.95 0.010

Barley (with fertilizer) 0.71 0.003

Wheat 0.50 0.004

Wheat (with fertilizer) 0.22 0.002

Oat 0.30 0.002

Oat (with fertilizer) 0.20 0.001

Uptake of 2,4-D herbicide by barley, wheat and oat plants was in

the range of 0.2-0.97. of the applied herbicide. Most of the activity was

left in the soil. The uptake of the chemical by three different kinds of

plants grown with fertilizer was lower than in the absence of the

fertilizer.
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A s 2 . soil sample * 3g. potassium dichromate

B a 2 ml H3Po + H2SO4 (1:3)

C,D=10 ml 1N NaOH

Fig 1. Wet Combustion Apparatus.
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INTRODUCTION

Metalaxyl is a new systemic fungicide (CGA 48988) (DL-methyl-N

(2,6-dimethyl-phenyl)-N-(2-methoxyacetyl) alaninate) with specific -*

activity against pathogens belonging to the order Peronosporales (1, 2,

6, 7). The systemic activity of metalaxyl in azalea following

application to soil has been demonstrated (1). Systemic fungicides

applied to soil may be altered by chemical breakdown and/or the action of

microorganisms. Strong adsorption of the fungicide to soil may rsult in

a low uptake by plants.

The purpose of this investigation was to obtain information on the

behaviour of metalaxyl, applied to samples of Brazilian soils.

MATERIALS AND METHODS

Chemicals and Soils

Metalaxyl WP 25 was provided by Ciba Geigy, Brazil, and 14C-

metalaxyl by Ciba Geigy, Basel, Switzerland. The radiochemical was

uniformly ring-labelled and had a specific activity of 46,5 pCi/mg.

The two soil types used, Humic Gley and Dark Red Latosol, differed

in their properties (Table 1). 10 g samples of each dried soil were

added to wide necked screw capped jars, followed by addition of water to

2/3 field capacity. One week later, 1.0 ml of a mixture of
4 C-metalaxyl (140,000 dpm/ml) and unlabelled metalaxyl (10 ppm) in

acetone was added to each soil sample. During the test, water was added

periodically to maintain the moisture content of the soil. This was

achieved by monthly weighing the flasks and adding a sufficient quantity

of distilled water to attain the desired water content. Duplicate

samples of each soil were incubated at 20 - 250C and the entire content

of flasks from duplicate samples was taken at monthly intervals over an 8

month period and extracted.
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Extraction and Determination of Metalaxyl

Each sample was extracted with 50 ml of methanol by shaking the

mixture for 4 hr. If necessary, extraction was repeated. The soil was

separated by allowing to stand overnight. The extraction products in

methanol were quantified by scintillation counting in a nuclear Chicago

liquid scintillation spectrometer, model Mark I.

Thin-layer Chromatography (TLC)

Silica gel thin-layer plates (Merck F. 256) were used for

separation of extracted samples: 10 ml samples of soil extracts were

concentrated and spotted on the plates, which were developed with either

benzene:ether (BE) (50:50) or acetone:ether:acetic acid (Ace Eth AcoH)

(79:20:1). 14 C-metalaxyl was chromatographed at the same time as

reference. After drying, plates were exposed to X-ray films.

Percentages of 1 4C-substances were determined by dividing the plates

into 1 cm zones, scraping the silica into scintillation vials and

assaying by scintillation counting (4).

Combustion
14

Residues of 1C-metalaxyl in the soils together with any
14

C-labelled degradation products, not recovered after a sequence of

two extractions by methanol, were determined by soil combustion (8).

Adsorption Exoeriments
14 C-metalaxyl solution (10 ml = 2.5 jig) in 0,01 M aqueous

calcium chloride was added to air dried soils (1.0 g) in a wide necked

screw capped jar. After shaking for 4 hr, the soil was allowed to stand

and 1.0 ml aliquot of the supernatant taken for 1 4 C-assay. The

soil/water distribution coefficient (K) was calculated as the

concentration on soil (dpm/g) divided by the supernatant concentration

(dpm/ml).

Soil Thin-layer Chromatography

Mobility of the fungicide in the soils was determined by soil TLC
14

techniques, and C-metalaxyl in the plates was located by

autoradiography (3, 4).

RESULTS AND DISCUSSION

Recovery of metalaxyl from soils as a function of incubation time
14

is presented in Table 2. After 30 days incubation of C-metalaxyl in

soils, one solvent extraction was sufficient to recover most of the
14C-activity added to the two soils. After 60 days, a second

extraction of the samples with methanol was necessary to recover

additional amounts of radioactivity. Between 120 to 240 days, the amount

of radioactivity, bound (non-extractable) to the soils and determined by
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wet combustion, was 10-20%. Comparing with results obtained in the same

soils with a benzimidazole fungicide, carbendazim (5), metalaxyl was less

adsorbed by the soils and more easily extracted by methanol.

Thin-layer chromatography of soil extracts showed that most of the
1 4 14

recovered 1C-activity chromatographed as 1C-metalaxyl. However, a

metabolite was detected (Rf 0.10 in BE) in amounts varying from 3 to 10%

(Table 3). When this compound was eluted from plates developed in BE

followed by further chromatography in Ace Eth AcoH, the activity

chromatographed at Rf 0.35; 14C-metalaxyl has an Rf 0.67 in this

solvent system. The second methanolic extraction from soil incubated
14

over an 8 month period with 1C-metalaxyl showed the same pattern of

degradation as assessed by TLC.
14

Sorption coefficients of 1C-metalaxyl in Humic Gley and Dark

Red Latosol were 0.8 and 0.36, respectively. Sorption results are in
14

agreement with the high mobility of C-metalaxyl in-soil thin-layers.
14

The data obtained indicate a high persistence of 1C-metalaxyl

in soils, which leads to a long term availability for the control of

soil-borne plant pathogens. However, its low sorption coefficient and

high mobility also indicate a facility for leaching and this must be

considered in field applications.
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Table 1 - Properties of soils

Percent Percent Percent 
Organic Matter Clay Sand

Humic Gley 4.3 32 57 5.7

Dark Red Latosol 2.0 63 24 4.8

-- Table 2 - Recovery of radioactivity (%)

14 C-metalaxyl

from soils treated with

„~~~Soil Method „Time (days)
0 60 120 210 240

Humic Gley

Dark Red Latosol

First Extraction

Second Extraction

Wet Combustion

Total

First Extraction

Second Extraction

Wet Combustion

Total

95 71 47 75 66

- 27 12 10 13

- - 21 14 11

95 98 80 99 90

95 69 51 73 67

- 25 11 13 9

- - 18 13 10

95 94 80 99 86

14
Table 3 - Percentage of C-metalaxyl and its metabolite in methanol

extracts

Percentage

(days) Soil Metalaxyl* Metabolite*
'(d ~aysj ~) Rf 0.40 Rf 0.10

HG 90 2

60 DRL 92 4

HG 79 3

120 DRL 89 4

HG 72 5

210 DRL 90 3

HG 80 10

240 DRL 93 3

* BE (50:50)
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North of Iraq is different from the rest of the country with

respect to factors that control plant growth such as soil, temperature,

water regime, pest and diseases. A large part of the region is rich in

horticultural crops. This is mainly due to good soil fertility with

respect to soil organic matter and native soil nitrogen. Preliminary

investigations have suggested that this situation is mainly due to the

abundance of effective nitrogen fixing organisms in most of the North

Iraqi soils (2). Close examination of individual organisms has shown

that various species of free living bacteria Azotobacter are particularly

active in Sulaimaniyah Governorate soils (1). Vicia faba has also been

reported to significantly enrich the soil in nitrogen when inoculated

with a local strain of Rhizobium leguminosarum (5). Similarly, numerous

blue-green algae have been found to fix large amounts of atmospheric

nitrogen (4).

With the present demand of higher agricultural production, it is

necessary to use increasing amounts of fertilizers and pesticides to

control insect pests and herbicides to check undesirable weeds. It is

considered probable that these chemical compounds may affect the nitrogen

fixing organisms in these soils. Earlier studies have indicated that

some of these agrochemicals had indeed a deleterious effect on some of

the nitrogen fixing blue-greens. Khider (5) conducted a study using the

insecticides nogos, kelthane, malathion and dipterex and the fungicides

rubigan, benlate and sulphur powder on a local strain of Rhizobium

leguminosarum. The author found that high doses of almost all the

chemicals when applied to the nutrient culture medium containing a known

count of the Rhizobia lowered the count to a significant level.

A series of experiments were carried out on the following soil

nitrogen fixing organisms isolated from different locations in North Iraq:

(a) Azotobacter chroococcum

(b) A. vinelandii

(c) Nostoc spp.

(d) Rhizobium leguminosarum 307

(obtained from Nitragan Co., Milwaukee, USA).
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The pesticides used were: dipterex, malathion, kelthane, parathion,

benlate, mesurol and topsin. These agrochemicals were used at four

concentrations: 0.1, 1.0, 4.0 and 8.0 ml per litre of the medium on the

basis of active ingredients of the respective pesticides.

The results can be summarized as follows:

(1) Both A. chroococcum and A. vinelandii were found to be suppressed

by the insecticides at all levels used, but the fungicides caused

inhibition at higher doses only. When medium concentrations were

applied, the organisms regained their growth after 20 days of

incubation. It is assumed that the organisms metabolized these

chemicals.

(2) Growth of Nostoc sp9. was very significantly affected by all

pesticides. However, even with high doses, the organism was

observed to regain usual growth when removed from the media

containing the agrochemicals.

(3) Rhizobium leguminosarum 307 was found to be quite tolerant to all

the pesticides used, but at high concentrations the growth was

markedly affected and in most cases irreversible. Respiration
14

studies using C-glucose (3, 6) indicated that glucose

oxidation was proportionally inhibited with increasing the

chemical concentration.
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UPTAKE AND DISTRIBUTION OF SOIL-APPLIED
LABELLED HEAVY METALS IN CEREAL PLANTS
AND PRODUCTS
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I. Introduction

The growing stress of heavy metals from various anthropogenic

sources on the soil-plant system can have undesirable consequences for the

wholesomeness of food, when heavy metals are taken up by plants in excessive

amounts. In order to know how to minimize this uptake by efficient counter-

measures or how to take the smallest risk when polluted crops are utilized,

it is important to investigate the behaviour of heavy metals in various soil

types as well as their specific uptake by the most common edible crops and

the distribution of the metals in different organs of the plants.

Several investigators (1, 2, 3, 4) have studied the uptake and

translocation of labelled undesirable heavy metals in cereal plants, but they

did not pay attention to varietal differences nor to the accumulation of the

metals in different parts of the grain and in the milling products derived

therefrom.

In the present paper investigations are described on the uptake of

mercury, cadmium and zinc, labelled with radioisotopes, from two soils with very

different properties by spring and winter varieties of cereals grown to maturity.

Experiments were carried out at rather low concentrations of heavy metals being

innocuous to the development of plants, in order to avoid growth interference du-

ring the uptake. The pathway of the heavy metals was traced through different or-

gans of the plants right into the milling products obtained by standardized grain

processing. The addition of an ion-exchanger to the soil was tested as to its ef-

ficiency to reduce the uptake of the metals.

II. Materials and Methods

1) Soils:

Two arable soils were used for pot experiments: a calcareous

chernozem ("soil A") and a podzolized brown earth ("soil B"), as described

in Table 1. Soil A is known to have a remarkably higher adsorption capacity

for cations than soil B.
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2) Experimental procedures:

Labelled mercury (Hg-203), cadmium (Cd-llSm), chromium-III

or -VI (Cr-51) or zinc (Zn-65) were applied in water-soluble form to the soils

described above, and the uptake of the elements by spring and winter varieties

of wheat, rye and barley was investigated in pot experiments. The heavy metals

taken up were determined radiometrically in the straw and in the whole grains of

mature plants as well as in the milling products (bran, semolina and flour)

obtained by standardized procedures of grain processing .and beinr very similar

to the products marketed commercially (Ash contents of the flours: wheat 

070 %, rye = 0.85 %, barley = 1.19 %).

For the mercury and cadmium treatments, with regard to the

relatively short half-lives of their radioisotopes, winter varieties had

to be sown in spring after vernalization of the seed.

For Well known reasons (5) the application of isotopically

labelled metals was of great advantage, particularly with regard to the

difficulties of detecting extremely small metal concentrations in the grain

fractions by means of other analytical methods. However, when the applied dose

of a metal is of the same order of magnitude as the plant-available fraction

of the metal occuring in the soil, the unavoidable isotopic exchange imposes

restrictions on the comparability of data obtained from different soils (5).

III. Results and Discussion

1) Uptake and distribution of mercury:

Since the main concern about the penetration of mercury into

the food chain regards its use as a seed dressing agent and its occurence

in sewage sludge, mercury was applied in pot experiments at a rate of 0,5 ppm

(labelled with Hg-2o3) which corresponds to the 250 fold amount used with an

average seed dressing or the 25 fold amount added to the soil with an average

sludge application.

As shown in Table 2 the mercury content of the cereal plants
decreased considerably when they approached maturity. Particularly on the

calcareous soil the straw of winter varieties contained only about 1/5 of

the labelled mercury of young plants. In any case plants took up several times

more mercury from the calcareous soil than from the acid soil.

Winter varieties showed higher mercury contents than spring

varieties in all cereal plants and products; this is obviously an inherent

property of winter varieties and cannot be explained by prolonged contact

with the soil during a longer growth period, since winter varieties were sown

in spring after vernalization of the seed, at the same time as spring varie-

ties.
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Under all treatments the mercury content of the grain was

considerably lower than the content of the straw. When the grain was frac-

tionated by standardized milling procedures, the mercury content was found

to be the highest in the bran fraction (obtained from the seed-cover),

lower in the semolina and lowest in the flour (obtained from the endosperm

of the seed). This proves that the mercury content is correlated with the

ash content of a fraction, since bran is the richest and flour the poorest

in ash among the three fractions. Parallel with the high ash content of the

bran the mercury content of this fraction surmounted even the mercury of the

whole grain, the Ratter being an average oontent of the three fractions.

Table 2 indicates that barley flour which has the highest percentage of bran,

the highest ash content (1.19 %) and the darkest colour of the three cereals

tested, contains more labelled mercury than rye flour (0.85 % ash), followed

by wheat flour (0.70 % ash). This means that a flour contains the less mer-

cury, the lower its percentage of bran, the lower its ash content and the

lighter its colour. Thus, if the percentage of bran that enters the flour

during the milling procedure is reduced, in case of need, by appropriate

measures of grain processing, a flour with a lower mercury content can be

obtained.

It should, however, be kept in mind that according to

Table 2 the concentration of applied mercury in the various fractions of

the mature plants growing on soil A ranged between 0.5 and 4.0 ppb which

is still lower than the natural content of mercury occuring in general in

cereals (1 - 10 ppb 9 ), whereas on soil B no applied mercury at all was

detectable in any grain fraction. Therefore any na-.ard suspected with re-

gard to the application of mercury as a seed dressing cannot be due to a

penetration of the metal into the edible parts of tne crop, hut ray be

merely a consequence of an intentional misuse of mercury-treated seed or

of careless or unprotected handling of mercury compounds durinp the seed-

dressing procedure.

2) Uptake and distribution of cadmium:

When cadmium (labelled with Cd-115 m) was applied in pot

experiments at the same concentration as mercury (0.5 ppm) the uptake of

cadmium was several hundred times greater than the uptake of mercury (cf.

Tables 2 and 3). In contrast to mercury, the uptake of labelled cadmium

mostly exceeded the natural cadmium content of straw which was found to

range between 200 and 500 ppb, whereas the concentration of labelled cad-

mium reached levels between 65 and 1270 ppb. By comparing Tables 2 and 3

it may be seen that the decrease of the cadmium concentration in maturing

plants was not so pronounced as the decrease of the mercury concentration;

consequently, much in contrast to mercury, no cereal fraction, especially

no flour, was found to be free of labelled cadmium, whereas labelled mer-

cury was not detectable in many of the tested flours. These results con-
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firm the opinion that cadmium, not mercury or lead, among the undesirable

heavy metals, imposes the greatest hazard/on the food chain and deserves

increasing attention in agrochemical control programs.

Bearing in mind that the chemical behaviour of cadmium in

soils is very different from mercury, it was not surprising to find that

the cadmium uptake from the acid soil ("B") was - in sharp contrast with

mercury - several times greater than from the calcareous soil ("A").

The cadmium contents of winter varieties, sown in spring

after vernalization of the seed, were considerably higher than of spring

varieties sown at the same time (Table 3).

Most of what has been pointed out above on the distribution

of mercury in various plant organs and grain fractions applies also to the

distribution of cadmium, such as:

- a decreasing cadmium content in plants approaching maturity;

- a drop of cadmium content from straw to grain, and from the seed-

cover ("bran") to the endosperm ("flour");

- a correlation of the cadmium level in the flour with its per-

centage of bran and its ash content.

From these observations can be concluded that the supposed

wholesomeness of so-called "whole-meal bread" whicr is rich in bran, may be

offset by its elevated content of heavy metals. Similarly as pointed out in

the case of mercury, also the cadmium content of flour can be lowered by

reducing the percentage of bran that enters the flour during the grinding

process.

3) Uptake and distribution of zinc:

The application of 50 ppm zinc (labelled with Zn-65) in

pot experiments resulted in the uptake and distribution pattern presented

in Table 4. The amount of zinc applied was small enough not to influence the

growth of plants in any way. The results obtained were in accordance with

the fact tnat zinc behaves in the soil-plant system similar to cadmium: as

shown in Table 4 zinc dat-i followed the trend of cadmium data as outlined

above (cf. Table 3). However, the differences between zinc contents of the

varico.s plant organs or grain fractions were not so pronounced as differen-

ces between cadmium contents. Particular attention is drawn to the remar-

kable accumulation of zinc in the bran of wheat and partly of rye, turning

.rie bran into the plant fraction richest in zinc.

4) General picture of the-distribution of heavy metals in

cereal plants and products (Table 5):
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When cereal plants approach maturity the concentration of

heavy metals in the plants decreases: by comparing young plants with straw

in Table 5 a drop in concentration by a factor of 3 - 5 can b- noticed for

mercury, and a factor of 2 - 4 for cadmium, the decrease of zinc content be-

ing still smaller. During translocation through the plants the metals are

partially retained when passing from the stalks ("straw") into the grains,

and from the seed-cover ("bran") into the endosperm ("flour"). The pattern

of retention at these boundaries is rather different for the three metals

rested: the drop of mercury concentration is of the same order of magni-

tude at both boundaries, whereas the cadmium concentration is reduced :

the boundary stalk/grain to a much greater extent than at the boundary

seed-cover/endosperm. On the contrary, the reduction of the zinc concentra-

tion is relatively small at the first boundary, but after a strong accumu-

lation in the seed-cover, zinc undergoes a tremendous decrease by a factor

of more :nan 10 at the second boundary. As a final result of the stepwise

retention of the heavy metals the concentration in flour becomesabout 3- 8

times smaller (for cadmium even more than 20 times smaller) than in straw,

tnus showing that flour is least affected by heavy metal pollutions of

cereals.

5) The application of ion-exchanger:. in order to minimize

-i.e level of heavy metals in cereal plants and products (Table 6):

Any effort of preventing heavy metals from being taken up by

plants in undesirable amounts must aim at fixing the soluble fractions of heavy

metals in the soil without creating conditions unfavourable for plant growth.

Since the ion-exchanger Lewatit had been developed to bind divalent cations of

heavy metals (6, 7, 8), pot experiments were undertaken with spring wheat growing

on two soils enriched with 0.5 ppm cadmium (Cd-115m ) or 50 ppm zinc (Zn-65) with

and without ion-exchanger added. No experiments were undertaken with mercury, be-

cause the uptake of this metal was not influenced by the ion-exchanger Lewatit

as shown in previous trials with young plants.
The data obtained with mature plants resembled much tne

results from previous experiments with young plants: the ion-exchanger was

much more effective in reducing the cadmium content than the zinc content

of plants; the effect was more pronounced on the acid soil. As may be seen

in Table 6 the exchanger was mainly effective on the uptake of the metals

into the plants, whereas the distribution within the plants was not affected

in the case of cadmium and was only slightly affected in the case of zinc.

Concerning the quality of edible cereal products it may be worth mentioning

that oy applying the ion-exchanger the cadmium content of wheat flour was

lowered in plants growing on chernozem to one half of the cadmium content

of untreated plants, and was lowered in plants on brown earth to one fourth

of the control value. However, the price of the exchanger does not seem to

141



favour a large scale application, nor is anything known about the fate of the

heavy metals accumulated on the exchange resin when this organic substance un-

dergoes microbial decomposition in the course of time.

IV. Summary

Uptake of isotopically labelled mercury, cadmium and zinc from

a calcareous chernozem and a podzolized brown earth by spring and winter varie-

ties of wheat, rye and barley was investigated in pot experiments carried out

until maturity of the plants. The labelled heavy metals, applied at concen-

trations innocuous to plant growth (0.5 ppm Hg or Cd, 50 ppm Zn) were deter-

mined radiometrically in the straw and in the grains of the harvested plants,

as well as in the milling products (bran, semolina and flour) obtained by

standard procedures of grain processing.

Uptake of mercury was several hundred times smaller than the

uptake of cadmium, if both metals were applied to the soil in equal amounts.

Whereas the uptake of mercury from the acid soil was insignificant or not de-

tectable, cadmium was taken up from this soil at a much higher rate than from

the alkaline soil. Thus, not mercury, but cadmium imposes the greatest hazard

on the food chain.

Winter varieties of cereals took up more mercury and cadmium

than did spring varieties. The content of heavy metals in the plants decreased

considerably when plants approached maturity. During translocation through

the plants the metals were gradually retained when passing from the stalks

("straw") into the grains, and from the seed-cover ("bran") into the endosperm

("flour"). The heavy metal contents of the grain fractions decreased in the

order: bran > semolina ) flour. Concentrations of heavy metals in flour were

3-8 times smaller than in straw, showing that flour is least affected by heavy

metal pollutions of cereals via the soil. The metal content of the various

flour types was correlated with their percentage of bran and with their ash

content.

By adding an ion-exchanger to the soil the pattern of relative

distribution of heavy metals in mature plants was not changed, but the cad-

mium content of all cereal products was considerably lowered.
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Table 1

Soils

Chernozem

"A"

Brownlearth

"B"

PH

Organic matter (%)

Carbonate (%)

Particle size distribution (%)

Sand (2000 - 60 H)

Silt (60 - 2 i)

Clay ( < 2 )

Phosphate (mg P205 per 100 g

fine soil 2 mm)

soluble in water

soluble in calcium lactate ("CAL")

Potassium (mg K20 per 100 g

fine soil 4 2 mm)

soluble in water

soluble in ca¢cium lactate ("CAL")

Zinc, total (ppm)

soluble

Cadmium, total (ppm)

Mercury, total (ppm)

7,4

2,1

12,5

6,4

1,7

e

36

43

21

58

34

8

1,2

17

4,4

13

10,2

21

66

21

0,35

0,085+)

10,4

21

83

.11

0,21

0,085+)

) y courtesy of Dr.K.AICHBERGER, Federal Experjment Station for Agri-
cultural Chemistry, Linz, Austria.

Commas indicate decimal points.
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Table 2

Distribution of labelled mercury in cereal

plants and products

Mercury content (ppb)

Plant
species

Soils
Varie-
ties Young plantsi Straw Grain Bran Semolina Flour

Wheat

Rye

Barley

A S

W

B S

W

A S

W

3 S

W

A S

W

B S

W

14,10 1,34

16,20t 0,11

2,47 ± 1,01

4,77 ± 0,19

7,75 + 0,67

19,70 t0,44

2,61± 0,59

5,29 0,59

9,76 t 0,59

n.i.

3,87±- 0,69

n.i.

2,730 ,04

2,62±0,11

1,20t0,09

1,49+0,20

2,43t0,18

3,97±0,33

0,87±0,05

1,20+0,14

2,61±0,40

n.i.

2 ,06 ± 0

n.i.

0,73 t 0,04

1,16 + 0,04

b.d.

b.d.

1,11± 0,18

2,11 0,17

b.d.

b.d.

1,24 ± 0,07

n.i.

b.d.

n.i.

1,41: 0,02

2,56 ± 0,08

b.d.

b.d.

1,96 + 0,15

3,38 ± 0,41

b.d.

b.d.

1,42 ± 0,08

n.i.

b.d.

n.i.

0,56 0,03

0,85 + 0,02

b.d.

b.d.

+)

r)

+)

9)

1,43 ± 0,01

n.i.

b.a.

n.i.

0,47t 0,03

0,64 t 0,02

b.d.

b.d.

0,64 ± 0,17

1,36 ± 0,07

b.d.

b.d.

0,88 0,02

n.i.

b.d.

n.i.

Commas indicate decimal points.

b.d. = Delow detection limit

n.i. = not investigated

t) no regular product of rye processing

A

B

S

W

= chernozem

= brown earth

= spring

= winter
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Table 3

Distrib.ution or labelled cadmium in cereal

Dlants and products

Cacdmium content (ppb)

/

P ant
species

Varie-Soils ties
ties

You~n~g ~plas ~IYoung plants], Straw Grain Bran Semolina Flour

Wheat A S

W

B S

W

Rye A S

W

3 S

W

Barley A S

W

B S

W

849 ± 40

1030 t 30

1525 t 13

2540 I 160

288 ± 18

320 ± 35

1190 ± 200

1395 t 68

838 A 11

n i.

1920> 29

n.i.

303

427

823

1000

80

65

627

651

401

594

894

1270

t 35

1 20

! 21

± 20

2

± 5

! 47

t 21

! 28

± 6

+204

±150

55'

107 2

221 t

393 t

8 _

10 1

44

77 t

23 t

149 t

97 t

383 t

1

5

1

15

1

2
X)

4

3

17

5

50

106 + 6

227 ± 17

466 i 25

856 t 46

11 + 2

15 ± 3

70 x)

117 t 8

27 t 4

134 ± 0

114 t 14

415 + 52

47 I 2

87 a 2

177 i 13

318 ! 11

+)

+)

+)

26 ± 3

175 ! 23

98 6

426 t 50

36

56

133

187

6

8

32

54

18

126

70

299

! 1

3

! 9

± 8

1

1

x)

1

2

- 15

6

t 44

n.i. = not investigated

+)

x)
no regular product

no replica

of rye processing

A = chernozem

B = brown earth

S = spring

W = winter
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Table 4

Distribution of labeiied zinc in cereal plants

and Droducts

Zinc content (ppm)

Plant
species

Soils Varie-
ties

Young plants Straw Grain Bran Semolina Flour

+ -- ,-- ,, ,· __ - · _ 

Wheat A S

W

B S

W

Rye A S

W

B S

W

Barley A S

W

B S

W

83 -

86 ± 1

76 ±

71 ±

151 +

68 + 

288 x)

90 ±

n.i.

133 t

148 t

5,0

2,1

0,5

2,5

1,4

8,3

40 + 2,0

51 ± 1,2

57 ± 2,2

65 7,1

80 ± 1,4

91 ± 0,8

236 t 4,3

96 ±24

n.i.

91 ± 6,2

n.i.

199 ± 3,0

35 ! 2,5

35 ± 0,9

43 t 2,4

48 t 1,9

53 ± 3,5

53 + 0,1

78 + 4,0

57 + 9,4

n.i.

49 T 3,9

n.i.

90 t 1,3

96 + 4,4

107 ± 3,2

123 ± 3,6

151 + 8,4

104 t10,5

125 . 0,2

157 + 7,9

89 ±22

n.i.

49 ± 4,7

n.i.

150 t 7,2

26 t 2,8

16 t 0,1

30 ± 3,5

21 ± 1,3

+)

+)

+)

+)

n.i.

58 ± 6,8

n.i.

105 t 1,1

9 I 1,3

6 ± 0,9

12 + 0,1

10 + 0,1

26 ± 0,5

22 * 0,4

36 ± 1,2

35 ± 1,2

n.i.

37 ± 0,8

n.i.

54 ± 2,1

6,2

8,1

Commas indicate decimal points.

n.i. = not investigated

no regular product of rye processing

x) no replica

A = chernozem

B = brown earth

S = spring

W = winter
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Taole 5

Relative dlstribution of labelled heavy metals in

cereal plants and Droducts (1 = metal content of flour)

Soil: chernozem ("A")

Spring

Wheat Rye

Winter

Wheat RyeBarley Barley

MERCURY:

Young plants

Straw

Grain

Bran

Semolina

Flour

29,9

5,8

1,5

3,0

1,2

1A.

12,2 11,2

3,8 3,0

1,7 1,4

3,1 1,6

+) 1,6

1 1

25,1

4,1

1,8

4 ,0

1,3

1

14 ,5 not

2,9 in-

1,6 ve-

2,5 sti-

+) ga-

1 ted

CADMIUM:

Young plants

Straw

Grain

Bran

Semolina

Flour

23,6

8,4

1,5

2,9

1,3

1

48,0 46,6

12,5 22,3

1,2 1,3

1,7 1,5

4+) 1,4

1 1

18,4

7,6

1,9

4,1

1,6

1

40 ,0

8,4

1,3

1,9

+)

n.i.

4,7

1,2

1,1

1,4

1 1

ZINC:

Young plants

Straw

Grain

Srarin

emolina
Flour

8,8

4,3

3,7

10,2

2,8

1

5,7

3,0

2,0

4,0

+)

1

not

in-

ve-

sti-

ga-

ted

13,4

8,0

5,5

16,7

2,6

1

3,0 3,6

4,1 2,5

2,4 1,3

5,6 1,3

+) 1,6

1 1

Commas indicate decimal points.

+) no regular product of rye processing
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Table 6

Effect of a soil-applied ion-exchanger on the distribution

of labelled heavy metals in cereal plants and products.

Crop: spring wheat

Ion-exchanger: Lewatit, powdered, K-form, 10 t/ha
J

Soils Chernozem Brown earth

Ion-exchanger without with without with

CADMIUM (ppb):

Young plants 849 ± 40 382 ± 15 1525 + 13- 399 ± 8

Straw 303 35 123 t 4 823 21 216 + 1

Grain (whole) 55 + 1 28 + 1 221 t 1 56 + 4

Bran 106 ± 6 55 + 2 466 + 25 114 ± 8

Semolina 47 + 2 25 + 1 177 t 13 49 - 5

Flour 36 + 1 18 t 1 133 ± 9 35 t 2

ZINC (ppm):

Young plants 83 t 5,0 54 + 4,0 76 + 0,5 29 + 0,3

Straw 40 ± 2,0 20 + 0,1 - 57 + 2,2 10 2,7

Grain (whole) 35 _ 2,5 28 + 0,2 43 _ 2,4 25 t 1,8

Bran 96 ± 4,4 79 + 1,3 123 + 3,6 70 ± 4,7

Semolina 26 ± 2,8 21 + 0,7 -30 ± 3,5 21 + 1,3

Flour 9 Z 1,3 8 ± 0,4 12 0 0,1 8 + 0,5

Commas indicate decimal points.
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2. REPORT

2.1 Introduction

The use of agrochemicals will continue to be indispensable in the

desperate battle of mankind against starvation. Agrochemicals are

essential ingredients in agricultural production. Environmental

contamination represents unwanted side-effects of agrochemical use.

Frequent monitoring of the fate and effects of pesticides in the

environment is necessary because these chemicals are subject to

continuous change. Nuclear techniques are an essential tool in this

context. Both isotope tracer techniques and labelled substrate

techniques are used and found to be of great importance in this field.

With the aim to promote the extension of this research and monitoring to

developing countries, the Joint FAO/IAEA Division initiated the two

coordinated research programmes:

(a) Isotopic tracer-aided research and monitoring programme on

agricultural residue - biota interactions in aquatic ecosystems

(water programme) in 1975, which had the objectives:

(i) To develop, standardize and apply isotopically labelled

substrate techniques for comparative assays of primary autotrophic

and micro-heterotrophic production and decay;

(ii) To develop, standardize and apply complementary isotopic tracer

techniques to determine fate, persistence and bioconcentration of

trace contaminants;

(iii) To use these techniques to obtain comparable data on the

current status of water bodies and changes to be expected.

(b) Isotopic tracer-aided studies of agrochemical residue - soil biota

interactions (soil programme) in 1977 with the objectives:

(i) To develop and evaluate labelled substrate techniques for

measuring soil capacity to decompose undesirable contaminants and

residues and to promote desirable transformations;

(ii) To perform comparative studies of the fate and biological

effects of selected agrochemical residues and additives and of soil

biological activity;
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(iii) To apply the techniques as diagnostic tool with priority to

rice ecosystems.

2.2 Meeting Objectives

2.2.1 To review the progress of the programme;

2.2.2 To discuss problems related to methodology and labelled substrates;

2.2.3 To discuss the application of a common methodology developed since

the previous research coordination meeting;

2.2.4 To prepare for publication the scientific data and information

obtained since the last report (IAEA-247, Technical Document

Series, 1981);

2.2.5 To identify problems and priorities of related subject areas and

to make appropriate recommendations.

2.3 Achievements

The contributions of the programme participants were presented at

the International Symposium on Agrochemicals: Fate in Food and the

Environment using Isotope Techniques. The results were discussed by a

larger group of scientists and they attracted generally favourable

comments. In a separate meeting, the programme participants reviewed the

results and highlighted the achievements. They commented that the system

of research programmes is quite satisfactory. The major importance lies

in the development of an international understanding of the subject

matter. The programme was successful in the sense of having established

in the course of the years an excellent cooperation and exchange of

experience among the participants. Through scientific visits, close

collaboration was established among scientists from developing and

developed countries.

Some highlights are presented below.

Water programme

Studies of Horvath showed that the labelled substrate-anti-

cholinesterase method is a simple, sensitive and reliable tool to

estimate specific pesticide residues in rivers and lakes. Albright et

al. demonstrated the application of the labelled substrate-heterotrophic

activity technique in fresh water fish ponds. With the help of this

technique it was concluded that the tolerance of parathion in this system
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is 30 parts per billion for a single treatment and that repeated

treatments with 15 ppb if a recovery time of 3 to 7 days is allowed are

also tolerated.
14

Algal growth measurements using CO2 correlated well with other

primary production measurement methods (Mahbub, Ernst). It was

demonstrated to be a good monitoring method for water quality both of an

Indonesian river system and of a German lake. Axler demonstrated the use

of labelled substrate techniques for estimating the nitrogen and the

carbon cycles in fresh water lakes.

The fate of the herbicide dichlobenil in Yugoslav irrigation

channels was investigated using a radiolabelled chemical. A half-life

was estimated and some metabolites could be identified. Accumulation and
210

effects of radionuclides, heavy metals (1 Pb) and DDT were studied in

connection with paper mill effluents in the Baltic estuaries

(Marchiulioniene). Aquatic plants and algae were found to accumulate

under certain conditions considerable amounts of the contaminants to the

disadvantage of some algal species.

Soil programme

Despite some promising publicatons and laboratory attempts, the use

of labelled substrates to investigate agrochemical effects in the soil

environment is not equally well developed as in the aquatic system.

Labelled substrates are, however, used to demonstrate effects on the

metabolism of soil organisms in vitro. Balasubramanian found that

nitrogen fixation of Indian cowpea plants was inhibited by herbicides at

a concentration of 5 to 10 ppm. This was correlated with a reduced

metabolism of labelled substrates by the Rhizobia strains. At

application levels of 25 ppm atrazine began to exert an inhibiting effect

on the appearance of gaseous denitrification products (Rolston). In
14

Iraqi soils nitrogen fixation and 14C-glucose respiration were only

inhibited at very high concentrations of benlate, sevin and dipterex

(Shall).

Labelled pesticides on the other hand are widely used in the soil

ecosystem as a unique tool to investigate pesticide residues and

metabolites (Lichtenstein, Onal and Flores-Ruegg). Oberlander showed

that elements such as Cd, Zn and to a much less extent also Hg under

certain conditions accumulate to undesirable concentrations in some crop

plants, although the edible parts usually have the lower concentrations

as compared with other plant parts.
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3. RECOMMENDATIONS

The following recommendations were addressed to the Joint FAO/IAEA

Secretariat as a means of ensuring continuity and effective

conbribution of related research to the growing problems of

environmental contaminants in developing Member States:

3.1 To initiate, as funds become available, a coordinated research

programme with the possible title: "Isotope aided studies on the

fate of pesticides and their effects in the soil and water

environment of agricultural importance in tropical and non-

tropical regions". The programme should include the flooded soils

of the rice fields. Participants in the programme would undertake

common experiments, e.g. that developed in detail by the

participants of the present programmes.

3.2 To continue publication of scientific documents of relevance since

they were found of great value to laboratories especially in

developing countries where literature sources are often limited.

3.3 To hold future research coordination meetings at locations

where work is done, preferably in developing countries, as

previously recommended (IAEA-TECDOC 247, 1981).
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4. CONCLUSIONS

In the light of the original objectives and earlier recommendations,

the meeting noted with satisfaction that the programme has achieved most

of its goals. Labelled substrates and other isotopic tracer techniques

have been improved and their use has been extended to applications in

developing countries. Comparative assays have been devised which are

ready to be applied whenever required. Results obtained with the

techniques in various countries generally confirmed that pesticides when

used at the recommended levels do not reach alarming concentrations in

food and the environment. It should be stressed that the results are

preliminary and some aspects, such as the possible differences between

pesticide behaviour in tropical and temperate zones need further

investigation. A topic which requires specific attention is the

temporarily and permanently flooded soil. There is no sufficient

information on the transport of agrochemicals from the agricultural land

into the water bodies. Rice field water running from one field into the

other is likely to increase residues on its way. It is concluded that

there is more need to use tracer methodologies to help solve these

problems.
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