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MANAGEMENT PERSPECTIVE 

The accurate assessment of a pesticide's persistence and fate(in the laboratory or in situ) 
is not always easy and can be complicated by incomplete recovery of the pesticide from the 
test medium or environmental samples. Until recently, the issue of extractability (recovery) 
has received little attention in the esticide literature. Although many factors can affect this 
recovery, the tendency for pestici es to complex with soil constituents and biomass to form 
nonextractable residues is especially significant. This may have a far-reaching impact on the 
issue of pesticide management, due to the potential underestimation of the levels of total 
pesticide residues in the environment. 

A laboratory experiment was performed to study the role of microorganisms in 
producing these bound residues by anaerobically incubating cyanazine (2-[[4-chloro—6- 
(ethylamino)-1,3,5,-triazin-2—yl]-amino]-2-metl1ylpropanenit1'ile) and metolachlor [2-chloro- 
N-(2-ethyl-6-methylpheny1)—N-(Z-methoxy-1-methylethyl)acetamide] in a culture medium 
that had been inocuated. with a PAH-degrading bacterial culture. This study provided the 
first direct evidence that bacterial biomass rather than metabolism was m_ainly involved in 
the formation of bound, residues with cyanazine, based on the GC analyses of extracts from 
the degradation, adsorption, and abiotic controls for the parent herbicide and its possible 
metabolites. However, anaerobic bacteria appeared to be incapable of forming bound 
residues with metolachlor. The common phenomenon of age-dependent exlracta ility for 
bound residues was also observed with cyanazine. The apparent irreversible adsorption of 
cyanazine by bacterial biomass was not affected by the presence of metolachlor in the test 
system, thus implying that bacteria may adsorb ‘pesticides selectively with preference for a 
certain chemical structures over others. 

Cyanazine and metolachlor are important selective herbicides used for the control of 
several annual grassy weeds and certain broad-leaf weeds in fields of corn, soybeans, and 
triazine-resistant canola. They are two of the 10 most heavily used agricultural herbicides in 
Ontario. An estimated 4.2 x 103 rnetric tons of agricultural herbicides (active ingredients) of 
all types were used in Ontario in 1993. More than 46% of this total was cyanazine and 
metolachlor. Both herbicides have been detected in river waters and well waters in 
Ontario. In order to make an assessment of the hazards of cyanazine and metolachlor use to 
aquatic ecosystems, more information is required on their persistence and fate. There is 
virtually no information.in the open literature on the interactions between bacterial biomass 
and_ cyanazine. work research needs identified by the Ecosystem Interpretation 
Branch in the development of "Canadian Water Quality Guidelines for cyanazine, and by 
the US. Environmental Protection Agency in the course of pesticide re-registration.



maniere sélective et se lier de pré 

SOMMAIRE L'INTENTION DE LA DIRECTION 
L’évaluation exacte de la persistance et du devenir d’un pesticide (au laboratoire 

ou in situ) n’est pas toujours facile et peut étre compliquée du fait de la récupération 
incomplete du pesticide du milieu d’essai ou d’échantillons prélevés dans 
1’environnement. ]usqu’a récemment, la question de l’extractibi1ité (récupération) a 
regu peu d’attention clans la littérature sur les pesticides. Bien que de nombreux 
facteurs puissent influencer cette récupération, la tendance des pesticides de former des complexes avec les constjtuants du sol et la biomasse, ce qui donne des résidus non 
extractibles, est particuliérement importante. Ce probléme peut avoir des répercussions 
considérables sur la question de la estion des pesticides, 5 cause de la sous-estimation 
éventuelle des concentrations des residus totaux de pesticides dans l’environnement.

V 

On a effectué une expérience en laboratoire pour étudier le role des 
microorganismes dans la production de ces résidus liés. Pour ce faire, on a incubé de la 
cyanazine (2-[[4-chloro-6-(éthylamino)-1,3,5—triazin-2-yl]-amino]-2-éthylpropanenitrile) 
et du métolachlore (Z-chloro-N-(Z-éthyl-6-méthylphényl)-N-(2rméthoxy-1-méthyléthyl) 
acétamide) en anaérobiose dans un m_i1i_eu de culture ayant été inoculé avec une culture 
bactérienne qui dégrade les HAP. Cette étude a foumi la premiere preuve directe que 
la biomasse bactérienne, plutét que le métabolisme, est principalement res onsable de 
la formation de résidus liés avec la cyanazine, a partir des analyses par G d’ext_raits 
rovenant de la dégradation et de l’adsorption, et de controles abiotiques pour 
’herbicide de départ et ses métabolites éventuels. Toutefois, les bactéries anaérobies 
semblaient incapables de former des résidus liés avec le métolachlore. Le ‘hénoméne 
courant de Yextractibilité selon Page des résidus liés a également été observe dans le cas de la cyanazine. L’adsorption apparemment irréversible de la cyanazine ar la biomasse bactérienne n’était pas infuencée par la présence de métolachlore ans le systéme d’essai, ce qui implique gue les bactéries peuvent adsorber les pesticides de 

érence a certaines substances chimiques plutot qu’a 
d’autres. 

La cyanazine et le métolachlore sont des herbicides sélectifs importants dans la 
lutte contre plusieurs mauvaises herbes graminées annuelles et certaines dicotylédones dans les champs de mais, de soja et de canola résistant a la triazine. Il s’agit de deux des dix herbicides les plus utilisés enagriculture en Ontario. On a estimé a 4,2 x 103 tonnes métriques la quantité d’herbicide‘s agricoles (ingrédients actifs) de tous types qui a été utilisée en Ontario en 1993. La cyanazine et le metolachlore représentaientplus de 46 % de cette quantité. ‘Les deux herbicides ont été détectés dans des cours d’eau et des 
puits en Ontario. I] faut obtenir plus de données sur la persistance et le devenir de la cyanazine et du métolachlore pour évaluer les dangers qu_e représente leur utilisation pour les écosystémes aquatiques. Il n’y a pratiquement pas d’informat1'on dans les documents publiés sur les interactions entre la biomasse bactérienne et la cyanazine. Le 
résent travail comble les besoins de recherche déterminés par la Direction de 
’inte rétation des écosystemes dans l’é'l_aboration de Recommandations pour la 
qualite des eaux au Canada pour la. cyanazine, et par la U.S. Environmental Protection 
Agency dans le cadre de la ré-homologation des pesticides.



ABSTRACT 
Many pesticides can form bound residues (residues not recovered by standard Soxhlet 

extraction techniques) after application, thus enhan’ cing their environmental persistence. A 
laboratory experiment was performed to study the role of microorganisms in. producing 
these bound residues by anaerobically incubating cyanazine (2-[[4—_ch_lor_o-6-(eth lamino). 
1,3,5,-triazin-2-yl]-amino]-2-methylpro‘aanenitrile) and metolachlor [2-c_hloro-N- 2-eth 1-6- 
methylphenyl)-N-(2-metlioxy-1-methy ethy1)acetarnide] in a culture medium that had een 
inoculated with a PAH-degrading bacterial culture. Based on the CC anal es of extracts 
from the degradation, adsorption, and abiotic controls for the parent he icide and its 
possible metabolites, this study provided the first direct evidence that bacterial biomass, 
rather than metabolism, was mainly involved in the fomiation of bound residues with 
cyanazine. However, anaerobic bacteria appeared to be incapable of f0 f bound 
residues with metolachlor. The common phenomenon of age-dependent extra ility for 
bound residues was also observed with The apparently irreversible adsorption 
of cyanazine by bacterial biomass was not affected by thevpresence of metolachlor in the test 
system, thus implying that bacteria may adsorb pesticides selectively with preference for 
certain chemical structures over others.



RESUME 
De nombreux pesticides euvent former des résidus liés (résidus non récupérés 

par les techniques courantes ’extr_action au soxhlet) aprés leur application, ce qui 
augmente leur persistance dans l’environnement. On a effectué une ex-périence en 
laboratoire pour étudier le réle des microorganismes dans la production de ces résidus 
liés. Pour ce faire, on a incubé de la anazine (2-[[4-chloroé6-(éthy1amino)-1,3,5- 
triazin-2.-yl]-amino]-2-méthylpropanenitrile et du métolachlore (_2-chloro-N-(2-éthyl-6- 
méthy1phényl)-N-.(2-méthoxy-1-méthyléthy1)acétam-ide) en anaérobiose dans un miliey de culture ayant été inoculé avec- une culture bactérienne qui dégrade les HAP. A 
partir des anal ses par CG d’extraits provenant de la dégradation et de 1’adsorption, et de contréles a iotiques our l’herbicide de départ et ses métabolites éventuels, cette 
étude a fourni la premiere preuve directe que la biomasse bactérienne, plutét que le 
métabolisme, est princi‘ alement responsable de la formation de résidus liés avec la 
cyanazine. Toutefois, es bactéries anaérobies semblaient incapables de former des 
résidus liés avec le métolachlore. Le phénoméne courant de l’ext1"actibilité selon Page 
des résidus liés a également été observé dans le cas de la cyanazine. L’adsorpt1'on 
ap aremment irréversible de la cyanazine par la biomasse bactérienne n’était pas 
in uencée par la présence de métolachlore dans le systéme d’essai, Ce qui impliciue que 
les bactéries peuvent adsorber les pesticides de maniére sélective et se ier de 
préférence 3 certaines substances chimiques plutét qu’a‘1 d’autres.



'Inh"oducfion 

It is often observed that a portion of pesticide residues remains in soil or sediment after 
exhaustive solvent e_xt_raction_. «These unextracted residues are referred to as "bound 
residues" (Khan and Hamilton, 1980; Jones et al., 1982). Many commonly used pesticides 
(e.g., atrazine, fenitrothion, glyphosate, and hifluralin) can form bound residues after 
application-, thus greatly reducing their mobility and increasing their environmental 
persistence (Helling and Krivonak, 1978; Spillner et al., 1979; and Behki, 1990; Piccolo 
et al., 1994). In addition, recent studies have also revealed that under given circumstances 
(e.g., enhanced microbial activity ) some of the bound residues can be released from soil 
(i.e.,. they are bioavailable) and become absorbed by plants (Khan, 1990; Khan and Behki, 
1990). This complicates the issue of pesticide management in the environment, because the 
real significance of bound residues on ecosystem health is mainly addressed in terms of 
their bioavailability, both in amount and form of uptake (I-‘Telling and Krivonak, 1978). The 
reported half-lives for the herbicide atrazine in agricultural soilsiranged from 37 (Dao 
et al., 1979) to as long as 3 to 5 years (Armstrong et al., 1967), probably reflecting the effect of 
extractability and/ or nonexlractability for atrazine in environmental samples. 

The adsorption of esficides in natural environments is extremely complicated, 
involving many physic , chemical, and biological processes/ factors (Grover, 1989), such as 
adsorption by organic matter and clay minerals (Carringer et al., 1975; Barriuso et al., 1992), 
binding to hurnic acid and dissolved organic matter (Clay et al.-, 1988), and formation of 
pesticide metabolites which are more tightly bound to soil than the parent com ounds 
(Katan and Lichtenstein, 1977). Microorganisms are mainly responsible or the 
transformation of pesticides in the environment (Somasundaram and Coats, 1991) and are, 
therefore, directly or indirectly involved in the formation of bound residues (Cheng, 1990). 
For example, covalent coupling of pesticide metabolites to cellular constituents has been 
proposed as a cause for the formation of bound residues (Schocken and Speedie, 1984). The 
irreversible binding of cyanazine metabolites to day and insoluble organic fractions in soil 
has been suggested as a major mechanism for the formation of bound residues (Clay et al., 
1988). In this communication we demonstrated that bacterial biomass rather than their 
metabolism was mainly involved in the irreversible adsorption of cyanazine (bound 
residues) by anaerobic bacteria. The study of cyanazine and metolachlor binding by 
anaerobic bacteria is important for determining their ultimate fate in sediments where 
anaerobic conditions may prevail, 

Mate-rials and Methods 

Chemicals 

Analytical grade cyanazine (Z-[[4-chloro-6-(ethylamino)-1,3,5,-triazin-2-yl]-amino]-2- 
methylpro anenitrile) was obtained from Caledon Laboratories, Georgetown, Ont. Reagent 
grade. 97%) metolachlor [2-chloro-N-(?:ethyl-6-methylphenyl)-N+(2.-methoxyg1- 
methylethyl)a_ceta'mide] was purchased from Chromatogra hic "Specialties Inc_., Brockville, 
Ont. Pesticide grade organic solvents were obtaine from Caledon Laboratories, 
Georgetown, Ont. The sodium sulfate used for drying organic extracts was heated to 500
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°C for 24 h before use. All glassware was also rinsed with pesticide grade solvents before 
use. All other chemicals used in the e eriments were reagent grade or better. The 
molecular’ structures of cyanazine and meto achlor are shown in Fig. 1. 

_l\/Iicroorganisms 

The _anaerobic biodegradability of cyanazine and metolachlor was tested with a 
mixed bacterial culture which had "previously been shown to ra idly degrade low and 
medium molecular weight polynuclear aromatic hydrocarbons ('gAI-Is) and polynuclear 
aromatic nitrogen heterocycles (Liu et ul., 1992.). All experiments were conducted 
anaerobically in 100-mL hypovials over an extended incubation period (up to 6 months) to 
determine the resistance of these two herbicides to bactengal degradation,» and the 
bioadso‘ tion of the herbicides by bacterial biomass. Experimental procedures are 
describe in detail below. - 

Growth culture conditicnfins 

A growth medium containing the following was prepared (per liter): 5 g each of glucose 
and sodium acetate, 2 g each of eptone and yeast extract, 100 mL of 10X mineral medium, 
and 900 mL of distilled water. e 10X mineral medium was prepared by dissolving the 
following ingredients into 1 L of distilled water ( 1.3 g of K21-11°04, 0.8 g of KHzI_’O_.;, 0.05 of 
MgSO4, 0.5 g of NI-I4NO3, and 0.01 g of FeSO4 ). The growth medium had a final pH 0 6.8 
and was not sterilized. 

A typical experiment for the adsorpti_on of cyanazine, and/ or metolachlor was nm as 
follows: an aliquot of 45 mL of the -growth medium was added. to each of the 100-mL 
hypovials, followed by the addition of l00 :L of a freshly anaerobic grown PAHs- 
degrading bacterial culture (0.92 O.D. at 650 nm) as a source of inoculum. The vials were 
then urged with a gas mixture of 30% CO2. and 70% N2 for 1 and sealed immediately. 
The inoculated hypovials were allowed to grow for 4 days (for_biomass production) at 
which point 400 :L of H 2 (0.024 g/ mL) were injected into each of the hypovials to kill 
the living cells. The resu ting dead cells were used as an adsorption source for the test 
herbicide. After another 4 days of incubation the hypovials were spiked with cyanazine (in 
methanol), and/ or metolachlor at a final concentration of 10 ppm using a micro syrin e. 

Biodegradation vials were also pre ared in the same manner, with the exception t no 
HgCl2 was added to the test system. or the abiotic control vials, all the ingredients (growth 
medium, cyanazine, bacterial inoculum, and H 2) were added at the zero hour. All vials 
were sam led at scheduled time intervals an analyzed for cyanazine, metolachlor, and 
their possi le rnetabolites. 

Sample preparation and chemical analysis 

The analysis of , azine, and/ or metolachlor in the hypovials involved the 
addition of 20 mL of di oromethane (DClVl) to each vial as it was sampled. The vial was _ 

recapped and vigorously hand-shaken for 1 (neutral extraction). Additional _acidic and 
basic extractions were also performed on the hypovial contents in an attempt to isolate any 
metabolites that could not be extracted under neutral conditions. The acidic extraction was
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performed after the neutral extraction by adjusting the 8H of the sam les to less than 3 with 
1 N HCl that had been previously washed with Then ea of the samples was 
extracted with 2 x10 m_L and the resulting extract was driedthrough anhydrous 
sodium sulfate, concentrated, and solvent exchanged into toluene (final volume 0.5 mL). 
The remaining samples (after neutral and acidic extractions) were adjusted to a H greater 
than 10 with '1 N NaoH that had also reviously been washed with DCM en each 
sample was extracted with 1 x 20 mL an 2 x 10 mL DCM, and the resulting ba__sic extract 
was dried fltrough anhydrous sodium sulfate before concentrating and solvent exchanging 
into toluene. ' 

The toluene extracts were analyzed on a Hewlett Packard’ 5890-II gas 
chromatograph with a single splitless injector- dual column - nitrogen-phosphorus/ flame 
ionization detector A(NPD/ FID) technique. Both columns were DB-5 [p_o1ymeth_'yl(5% 
phenyl)siloxane] (I 8: W Scientific - Chromatographic -Specialties Inc, Brockville, Ont), 0.25 mm i.d. x 30 m length, with 0.25 Fm film thickness. Injector and detector temperatures were 
200 °C and 300 °C, respectively. The initial colurrm temperature was 80 °C for 2. minutes, 
and the program rate was 10 °/ minute to 150 °C, then 4 °/ minute to °C, and then 8 
0/ minute to 300 °C with no final hold. The constant helium carrier gas flow rate was 1.0 
mL/ min. The gas flow rate for and hydrogen was based on the . e of detector used 
(FID, air - 400 mL/ min, hydrogen -. 30 mL/ min ; NPD, air - 120 mL min, hydrogen - 4 
mL/ min). All subsequent mass spectral analyses were erformed using the same 
temperature program and column stationary phase with a ewlett Packarc 5971A_ gas 
chromatograph - mass selective detector. 

Results and Discussion 

About 2.3% of the spiked cyanazine (9.5 mg/ L) had disappeared from the hypovials of 
the abiotic control after 70 days of anaerobic incubation, as shown in Figure 2. Since this 
control contained only growth medium, cyanazine, HgCl2 (microbial inhibitor), and _a small 
amount of dead cells (90 :g- dry wt/hypovial) introduced by the and killed by 
HgCl2 in the reaction mixture, it would appear that factor(s) other than ones which are 
biological in nature were probably involved in the disa pearance of ‘the 23% of the spiked 
cyanazine the abiofic control. Loss of ciyanazine by volafilizafion was impossible, because 
all the hypovials were tightly capped uring the entire of incubation. ’Moreover, 
cyanazine has _a low vapour pressure at room temperature (Worthing and Walker, 1987) 
making volatilization unlikely. Experiments by Lau et al. (1996) have also shown that 
cyanazine can be considered as nonvolatile. Photodegradation of cyanazine in the brown- 
coloured hypovials was not possible either. Thus, it was deduced that an irreversible 
adsorption of cyanazine by certain ingredients (possibly organic nutrients and dead 
bacterial cells) was probably involved in the disappearance of cyanazine in the abiotic 
control hypovials.

’ 

Like other triazine herbicides, cyanazine tends to be strongly adsorbed soil systems 
and the binding (adsorption) gradually becomes irreversible over time (Gamerdinger et al., 
1991). Many factors, e.g., soil pH (Blumhorst and Weber, 1992), content of "clay and 
insoluble or anic fraction (Clay et al., 1988), and formation of metabolite (Clay et al., 1988), 
could all ' ect this binding process. During the study of atrazine degradation by higher 
marine fungi, Schocken and Speedie (1984) found some dealkylatec and dechlorinated
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products in their uninoculated controls and they" attributed the formation of such 
degradation products to the chemi'c'a’l hydrolysis of atrazine. However, in our e eriments 
no "cyanazine degradation products were detected inthe abiotic controls, thus e " ating 
the possible involvement of cyanazine hydrolysis in the disappearance of the spiked‘ 
cyanazine in the abiotic control (data not s own). Based on all the above evidence, it was 
tentatively concluded that adsorption by microbial biomass was probably responsible for 
the disappearance of the spiked cyanazine in the abiotic control hypovials. This conclusion 
was supported by_ another adsorption experiment in which a 1/ 10 strength growth medium (i.e., less bacterial biomass production) was found to result in a slower and 
incomplete adsorption of the spiked cyanazine (Figure 3). 

Caution must be exercised in interpreting the data for any biodegradation experiment, 
and this is clearly shown in Figure 2. Without the adsorption hypovials (i.e., with the HgC12 
addition to inhibit the microbial degradation process) as a reference, one is tempted to 
conclude that the disa pearance of‘ the spiked cyanazine in the degradation hypovials (i.e., 
without the HgCl2 ad ‘tion to retard the microbial degradation process) was primarily due 
to anaerobic bacteria] degradation. However, from Figure 2, it can be seen that the profile of 
cyanazine disa pearance from the degradation h ovials (with live bacteria) mirrored 
almost exactly at of the adsorption h ovials (_wi dead bacteria). This strongly indicates 
that bacterial biomass (re; ardless of w ether alive or dead) rather than metabolism was 
mainly involved in the cisappearance of the spiked cyanazine in the de‘ adation and 
adsorption hypovials. This conclusion is further supported by the evidence at no trace of 
cyanazine metabolites had been detected in the neutral, acidic, and basic extractions (DCM) 
from the degradation, adsorption, and abiotic control hypovials during the entire 70 days of 
incubation. Thus, the irreversible binding of cyanazine by the alive bacterial biomass (in 
degradation hypovials) or dead cells (in adsorption hypovials) appears to offer the best 
explanation for the disappearance of the spiked. cyanazine in the degradation and 
adsorption hypovials. The phenomenon of irreversible binding of cyanazine by dead 
bacterial cells could also satisfactorily explain the disappearance of some of the spiked 
cyanazine. in the abiofic control hypovials. From Figure 2, it can be seen that the irreversible 
binding of anazine to the bacterial biomass is a time-dependent process. After a 50-days 
incubation i.e., contact time between cyanazine and bacterial biomass) all the spiked 
cyanazine in the degradation and adso tion hypovials had become nonextractable 
residues. The phenomenon of‘ age-depen ent irreversibili for the triazine herbicide 
residues has been noted in soil systems, with cyanazine ( ay et al., 1988), prometryn 
(Khan, 1982), and atrazine (Winkelmartn and Klai_ne, 1991),

i 

The irreversible adsorption by the anaerobic bacteria, observed in the experiments with 
azine, was not observed in the experiments with metolachlor. Results from those 

experiments (Figure 4) show that anaerobic bacteria, whether alive or dead, could not 
irreversibly bind metolachlor. After a 90-days incubation, more than 90% of the spiked 
metolachlor could still be recovered from the degradation and adsorption hypovials. This is 
vastly different from the adsorption behaviour for cyanazine, for which nearly all the 
spiked cyanazine had become nonextractable after only a 50-days‘ incubation. Metolachlor 
appeared to be very stable under the anaerobic condition, as indicated by the absence of its 
metabolites in the neutral, acidic, and basic extractions from the hypovials. 

To assess whether the irreversible adsorption of cyanazine by anaerobic bacteria would
4



be affected by the resence of a_nother pesticide, the mixed bacterial culture was 
anaerobically grown or 4 days and a chemical mixture containin cyanazine, metolachlor, 
and HgCl2 was injected into each of the hypovials. Incubation o the hypovials was then 
resumed and at selected time intervals a number of hypovials were sacrificed for the 
analysis of cyanazine and metolachlor (Figure 5). The results clearly indicate that the 
irreversible adso tion of cyanazine by bacterial biomass was not affected by the presence 
of metolachlor. '5 implies that anaerobic bacteria adsorbed pesticides selectively with 
preference for certain types over others. The experiments were repeated twice and the 
results, given in terms of the amount of adso tion, (Figure 6) mirrored exactly the previous 
ones (Figure 5), with less than 5% of the spi ed metolachlor adsorbed irreversibly by the 
bacterial biomass, whfle almost 100% of the s liked cyanazine had become totally 
nonextractable after approximately 50-days incu ation. Pignatello and Huang (1991) 
studied the reversible adsorption of atrazine and metolachlor residues in field soils and 
concluded that there was no competitive sorption between these two herbicides. 

Although the formation of bound (nonextractable) pesticide residues in soil had been 
known to occur for over two decades, their real significance had been critically addressed 
only recently when it became obvious that these residues were not excluded from 
environmental interactions (Khan, 1991). Moreover, from the perspective of: environmental 
health, bound residues in most cases could not be detected in the routine analysis involving 
solvent extraction, and this may lead to an underestimation of the level of pesticides in the 
environment (Khan and Hamilton, 1980). The mechanism of the formation of (bound 
residues in the environmental matrix is indeed very complicated (Koskin_en and H er, 
1990), particularly‘ in View of the fact that the parent compound had been foun to 
constitute a considerable proportion of the bound residues (Khan and Hamilton, 1980). The 
present study provides the first direct experimental evidence for the time-dependent 
irreversible adsorption of cyanazine by" bacterial biomass. However, we. have no 
explanation as to why the bacterial biomass (alive or dead) irreversibly adsorbed cyanazine 
but not metolachlor. The phenomenon of the age-dependent extractability of the bound 
residues for atrazine and metolachlor in agricultural soils’ has been reported, and the 
continued diffusion of these herbicides into more remote or "stronger" binding sites in the 
soil matrix after prolonged incubation was suggested as the cause for the observed time- 
dependent irreversibility (Pignatello and Huang, 1991). However, such an e lanation 
appeared not applicable to our results, because we used a simpler test system ( ypovial) with more chemically defined components (medium) in our adsorption study. 
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Figure Captions 

Fig. 1. Chemical structures of cyanazine and metolachlor. 

Fig. 2. Concentration profiles of spiked cyanazine in anaerobic hypovials. 

Fig. 3. Concentration profile of spiked cyanazine in 1/ 10 strength growth 
medium (note the slower and incomplete cyanazine adsorption due to 
lower biomass), 

Fig, 4. Concentration profiles of spiked metolachlor in anaerobic hypovials. 

Fig». 5. Competitive effect- of cyanazine and metolachlor on their adsorption 
behaviour by bacterial biomass. 

Fig. 6. Time course of cyanazine and metolachlor adsorption by bacterial biomass.
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