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SUMMARY 
Terbutryn (2-tert. buthylamino-4-ethylamino-6-methylthio-s-triazine) has a moderate water 
solubility (22 mg/l) and a medium high partition coefficient octanol/water (log kow=3.48). The 
BCF of 160 indicates a potential for bioconcentration. Vapour pressure is rather low (1.3x10-4 
Pa (20°C)) and so is the value of Henry’s law constant (1.3x10-3 Pa m3 mole-1), indicating that 
terbutryn has a low potential for evaporation.  
 
Hydrolysis is very slow at pH 5, 7 and 9. Laboratory studies indicate that terbutryn is 
photolytically stable in water and soil under natural sunlight. Terbutryn is slowly transformed 
in soil with half-lives in the range of 15 days to over 100 days in aerobic laboratory studies, 
and >>3 months in anaerobic studies. Fourteen different degradation products were identified 
in soil. Only four of them amounted for more than 10% of applied dose and only one was 
tested for toxicity (GS 28620). The amount of bound residues is large in some soils (47 and 
56% in one study).  
 
The adsorption/desorption studies indicate that the mobility ranges between low and medium 
in the different soils tested. Soil column studies show that the major part of the applied dose 
was retained in the top 5-10 cm of the columns and that usually <2% of applied dose leach 
through the columns. Exceptions from this was seen in a loamy sand and a sand, where as 
much as 13.5% and 9.7% of the applied doses respectively, were found in the eluates.  
 
Field dissipation studies in 5 different soils, show an average DT50 of 9-47 days for terbutryn. 
 
Terbutryn does not influence micro-organisms in soil and has low toxicity to birds. In the 
aquatic system terbutryn is very toxic to algae, toxic to fish and medium toxic to daphnia in 
the acute toxicity studies. In a reproduction study (Daphnia) toxicity is moderate. Terbutryn 
has also been found to be toxic to fish in the 21-day prolonged toxicity study on rainbow 
trout. The degradation product (GS 28620) has a moderate toxicity to algae and a low 
toxicity to crustacean and fish. 
 
The leaching potential for the substance is estimated to be relatively low. However, the risk 
for aquatic organisms is not negligible. Monitoring data has shown the existence of terbutryn 
in rainwater. The degradation rate in soil sometimes is very slow. Acute and chronic toxicity 
of terbutryn to terrestrial organisms is not sufficiently examined to conduct a hazard 
evaluation. 
 

SAMMANFATTNING 
Terbutryn (2-tert. butylamino-4-etylamino-6-metylthio-s-triazin) har en medelhög 
vattenlöslighet (22 mg/l) och en medelhög fördelnings koefficient oktanol/vatten   
(log kow=3,48). BCF är 160 vilket tyder på en potential för substansen att biokoncentreras. 
Ångtrycket är tämligen lågt (1,3x10-4 Pa (20°C)) liksom värdet på Henrys konstant   
(1.3x10-3 Pa m3 mol-1). Detta tyder på att terbutryn inte har benägenhet att avdunsta. 
 
Hydrolysen sker mycket långsamt vid pH 5, 7 och 9. Laboratoriestudier visar att terbutryn är 
fotolytiskt stabil i vatten och jord under naturligt solljus. Terbutryn transformeras långsamt i 
jord med halveringstider på 15 till över 100 dagar i aeroba laboratoriestudier, och på >>3 
månader i anaeroba studier. 14 olika nedbrytningsprodukter har identifierats i jord. Endast 
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fyra av dem uppgår till mer än 10% av tillförd dos och endast en av dem (GS 28620) har 
toxicitetstestats. Andelen hårt bundet material är hög i vissa jordar (som mest 47 och 56% i en 
studie). 
 
Adsorptions/desorptions studier visar låg till medelhög rörlighet i de olika jordarna. 
Jordkolonnstudier visar att huvuddelen av dosen blir kvar i de övre 5-10 cm jord och att i de 
flesta fall <2% av tillförd dos läcker genom kolonnen. Undantag från detta kunde ses i jordar 
av typerna lerig sand och sand, där 13,5% respektive 9,7% av dosen återfanns i lakvattnet. 
 
DT50 bestämdes i fält för fem tyska jordar till 9-47 dagar. 
 
Terbutryn har inte någon större inverkan på mikroorganismerna i jorden och har låg giftighet 
mot fåglar. I den akvatiska miljön är terbutryn mycket giftigt för alger, giftigt för fisk och 
måttligt giftigt för Daphnia vid tester av den akuta toxiciteten. Vid reproduktionsstudier 
(Daphnia) är toxiciteten medelhög. Terbutryn är även toxiskt för fisk (regnbåge), vid 21-
dagars toxicitetsstudie. Metaboliten (GS 28620) är måttligt toxisk för alger och visar låg 
toxicitet för kräftdjur och fisk. 
 
Terbutryns benägenhet att lakas ut ur jorden visade sig ganska låg. Risken för att 
vattenlevande organismer skall påverkas vid normal användning är dock inte negligerbar. 
Omvandlingshastigheten i jord har i vissa fall visat sig vara mycket långsam. För att risken för 
terrestra organismer vid användning av terbutryn skall kunna bedömas måste akut och kronisk 
toxicitet för dessa organismer utredas bättre. 
 
 
 

ECOTOXICOLOGICAL DATA SUMMARY 
 
 Results Remarks 
A Chemical/physical properties 
   Vapour pressure 1.3x10-4 Pa 20°C  
   Water solubility 0.022 g/l 22°C 
   Partition coefficient octanol/water, log P  3.48  n-octanol/water 
   Henrys law constant 1.3x10-3Pa m3 mol-1    
 
B Exposure related information 
   I Transformation  
   1 Hydrolysis T1/2 >>200 d pH 5; 25°C 
    T1/2 >>200 d pH 7; 25°C 
 T1/2 >>200 d pH 9; 25°C 
 
   2a Photolysis in water T1/2 =7.5 h (no acetone) Artificial sunlight, 25°C 
 T1/2 =7.0 h (1% acetone) -”- 
 
   2b Photolysis in soil T1/2 =10 d  Artificial sunlight 
 T1/2 >>30 d Natural sunlight 
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   3 Degradation in soil 
 
Table I – III Time in days (DT50) needed for half of the substance to degrade in different soils and 
under different conditions 
 
Table I 
Aerobic  

Soil 
 

Dose (ppm) pH Temp (°C) DT50 (days) Reference 

Sandy loam 10 7.5 24±2 38 37 
Silt 20 7.4 25 15.2 38 
Clay 10 6.8 22±2 132 39 
Clay 10 5.2 22±2 94 39 

Loamy sand 10 5.6 25 84 40 
 
Table II 
Anaerobic 

Soil Dose 
(ppm) 

pH Temp (°C) DT50  Reference 

Sandy loam 10 7.5 24±2 140 d 37 
Loamy sand 10 5.6 25 >>3 months 40 

 
Table III 
Sterile 

Soil Dose 
(ppm) 

pH Temp (°C) DT50  Reference 

Sandy loam 10 7.5 24±2 >3 months 37 
Loamy sand 10 5.6 25 >>3 months 40 

 
 
   4 Degradation in water/sediment system Results Remarks  
       River Rhine DT50 = 56 d pH 8.5; 1% sediment, 25°C 
       Pond water DT50 = 14 d pH 7.8; 1% sediment, 25°C 
   5 Field dissipation    DT50 = 9-47 d  
 
   II Mobility 
        1. Adsorption to soil         Koc = 248 -1469 6/11 soils <500 
        2. Leaching, Column studies 
   Fresh terbutryn: 0.2 - 9.7%  of radioactivity applied 
    Aged terbutryn: 0.5 - 13.5% -”- 
 
   III Bioconcentration 
    BCF 160 Whole fish, 28 days 
 



 4 

 
C Effect related information Results Remarks 
   I Terrestrial organisms  
     1. Microorganisms  
         Soil respiration Minor inhibition 1 - 100 ppm 
         Nitrification Minor inhibition 1 - 100 ppm 
     2. Earthworm - Not studied 
     3. Honey bee NOEC>97µg/bee Questionable method 
     4. Avian acute toxicity 
         Mallard duck, acute, oral      LD50>4 640 mg/kg bodyweight Intubated 
     5. Avian dietary toxicity 
         Bobwhite quail, acute LC50>20 000 ppm 7 days 
         Bobwhite quail, subacute LC50>20 000 ppm 8 weeks 
         Mallard duck, acute LC50>4 640 ppm 8 days 
         Bobwhite quail, acute LC50>5 000 ppm 10 days 
 
   II Aquatic organisms 
     1. Algae, growth inhibition   
         Selenastrum capricornutum  7-d-EC50=13.1µg/l; NOEC=4.1 µg/l     Questionable method 
         Selenastrum capricornutum  6-d-EC50<0.005; NOEC<0.005 µg/l           Evaluators estim. 
         Anacystis nidulans               6-d- EC50 =0.01 - 0.05 µg/l; NOEC<0.005 µg/l     -”- 
         Skeletonema costatum 9-d-EC50=0.91 µg/l   
         Anabaena flos-aquae 7-d-EC50=3.4 µg/l  
         Scenedesmus subspicatus   3-d-EbC50=30.7 mg/l; NOEbC=22mg/l  Metabolite GS 28 620 
 
     2. Crustacea 
         Daphnia, acute toxicity 48h-LC50=2.66 mg/l 
         Daphnia, acute toxicity 48h-LC50>100 mg/l Metabolite GS 28 620 
         Daphnia, chronic toxicity MATC=1.8 mg/l 21 days 
 
     3. Fish 
     3.1 Acute toxicity 
          Rainbow trout 96h-LC50=1.1 mg/l Ref. 70 
          Bluegill 96h-LC50=1.3 mg/l Ref. 71 
          Sheepshead minnow 96h-LC50= 1.5 mg/l Ref. 72 
          Rainbow trout 96h-LC50=3.6 mg/l Ref. 73 
          Rainbow trout 96h-LC50>100 mg/l The metabolite GS 28 620, Ref. 74 
     3.2 Prolonged toxicity 
          Rainbow trout 21-days-LC50=0.44 mg/l Ref. 77 
          Fathead minnow, larval growth MATC=1.2 mg/l Ref. 78 
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1 Introduction 
 
Terbutryn (2-tert. buthylamino-4-ethylamino-6-methylthio-s-triazine) is a systemic herbicide 
and the active component of the products Igran 500 FW (500 g/l) and Topogard 500 FW (345 
g/l together with 150 g/l of terbuthylazin).  
 
The products are used as weed control in autumn sown corn and in potatoes, peas and beans. 
Terbutryn has a restraining influence on the photosynthesis. The recommended dose is 2.5 - 4 
kg a.i./ha. This evaluation concerns an application of a renewed registration of Topogard 500 
FW and Igran 500 FW.  
 
 

2 Physical and chemical data  
      (Ref.1) 
 
Common name (ISO): Terbutryn 
 
Synonyms: GS 14 260 
 
IUPAC-name: N-tert-Butyl-N1-ethyl-6-methylsulfanyl-[1,3,5]triazine- 
 2,4-diamine 
 
CAS-no: 886-50-0 
 
Trade name: Topogard 500 FW, Igran 500 FW 
 
Empirical formula:  C10H19N5S 
 
Structural formula: 

 

N

N

N

N
H

N
H

S

 
 
Molecular weight:  241.36 
 
Purity:  >96% 
 
Physical state:  Off-white, crystalline powder 
 
Vapour pressure:  1.3x10 -4 Pa (20°C) 
 6.3x10 -4 Pa (30°C) 
 2.8x10 -3 Pa (40°C) 
 
Water solubility:  22 ppm 
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Solubility in organic solvents:  30% in dichloromethane (20°C) 
 22% in acetone (20°C) 
 22% in methanol (20°C) 
 13% in octanol (20°C) 
 4.5% in toluene (20°C) 
 0.9% in hexane (20°C) 
 
Partition coefficient octanol/water:  log Pow=3.48 
 
Henry’s law constant (20°C): 1.3 x 10-3  
 
 

2.1 Comments on physical and chemical data  
 
The reliability of the data has not been assessed in this evaluation. Vapour pressure for 
terbutryn is low and the value of Henry’s law constant is low, indicating that terbutryn has a 
low potential for evaporation. A rough estimation of the environmental distribution of 
terbutryn using the fugacity model level 1 (Mackay, Ref. 79) gives the following distribution:  
 
 Air: 0% Soil: 29% 
  Water: 34% Sediment: 37% 
 
The relative volume of the compartments was modified according to the ESTHER manual 
(Ref. 80). 
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3 Environmental exposure 

3.1 Mobility 
3.1.1 Adsorption and desorption 

Study 1 (Ref. 21) 
Adsorption and desorption of terbutryn in various soil types was studied by CIBA-GEIGY in 
Basle, Switzerland, in 1982. 
 

Material and methods 
5.0-20.0 g of oven-dry soil (tab 1) were mixed in centrifuge tubes with 100 ml of aqueous 
solutions of 14C-labelled terbutryn to final concentrations of 1.25 to 20 ppm. The suspension 
was shaken for a minimum of 24 h at 20±1°C. After centrifugation (5000 rpm for 20 min.), 
2.0 ml aliquots of the clear supernatant were subjected to liquid scintillation counting. 
 
Table 1 Soil characteristics of interest for the study of mobility of the substance in soil layers of five 
different origins 
 

 
Origin 

 
pH 

 
Organic 
matter 

% 

 
Cation 

exch. cap. 
(meq/100g)  

 
CaCO3 

% 

 
Mechanical analysis 

 
   Clay %       Silt %      Sand % 

Collombey VS, 
Switzerland 

7.4 1.38 1.75 10.2 2.5 13.6 83.9 

Lakeland, Florida, 
USA 

6.5 1.03 1.02 0.1 1.1 0.9 98.0 

Les Evouettes VS. 
Switzerland 

6.2 2.59 3.25 0.1 10.3 64.0 25.7 

Vetroz VS, 
Switzerland 

7.3 9.31 8.92 55.6 21.5 60.4 18.1 

Illarsaz VS, 
Switzerland 

6.9 43.1 13.1 7.8 * * * 

 
*) Due to high content of organic matter texture analysis was not possible. 

 
Distilled water was added to the soil containing adsorbed terbutryn. The soil/water 
suspensions were shaken for 24 h and thereafter centrifuged as above. Supernatants were 
subjected to radio assay as before. The desorption procedure was repeated once. The 
coefficient of adsorption was calculated with the aid of Freundlich’s equation. 

Results 
The Freundlich adsorption constant k ranged between 3.39-62.5 µg/g soil. The desorption 
constant was 6.29-90.0 µg/g soil, determined after the first 24 h desorption step. The 
desorption constants obtained after a subsequent, second desorption step, were of 
approximately the same order of magnitude as the adsorption constants or slightly lower 
(3.33-45.0 µg/g soil). 
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Table 2 Constants describing the ability of the substance to be adsorbed and desorbed in different 
soils. The constants were obtained from Freundlich adsorption and desorption isotherms 
 

Adsorption Desorption  
Soil k 

µg/g soil 
kom 

µg/g org. 
matter 

koc * 
µg/g org. C 

kdes step 1 
µg/g soil 

kdes step 1+2 
µg/g soil 

Illarsaz 62.5 145 250 90 45 
Vetroz 30.5 328 566 42.7 19 
Les Evouettes 15.4 595 1026 27.3 11.7 
Lakeland  8.78 852 1469 14.0 8.42 
Collombey 3.39 246 424 6.29 3.33 
Average kOM µg/g org. matter 707 364 

*) Evaluators calculations (koc=kom x 1.724). 

Comments 
The study have been well performed and the documentation is good. According to 
Torstensson (Ref. 18), the expected mobility for this substance in all soils is medium to low. 
 

Study 2 (Ref. 22) 
The adsorption of GS-14260 (terbutryn) by various soils was studied by CIBA-GEIGY in 
1971. 

Material and methods 
5-50 g of oven dry soil material (tab 3) was mixed with 100 ml of aqueous solutions of ring-
14C- labelled GS-14260 to final concentrations of 0.5-10 ppm. After shaking for 24 h at 
20±2°C the liquid was separated from soil particles by centrifugation. Aliquots of the clear 
supernatant were submitted for liquid scintillation counting. 
 
Table 3 Soil characteristics of interest  for the study of mobility of the substance in the soil layers in 
soils of different origin 

 
Origin of soil 

 
pH 

 
Organic 
matter % 

 
CaCO3 

 % 

 
Mechanical Analysis 

 
     Clay %           Silt %         Sand % 

Collombey VS 7.8 2.2 11.5 2.8 10.2 87.0 
Illarsaz VS 7.5 22.9 6.0 * * * 
Les Evouettes VS 6.1 3.6 0 12.2 49.4 38.4 
Uvrier I VS 7.4 1.0 8.5 3.4 5.0 91.6 
Uvrier II VS 8.1 1.6 12.0 4.1 13.8 82.1 
Vetroz VS 6.7 5.6 15.0 22.6 19.6 57.8 
 

*) Due to the high content of organic matter, texture analysis was not possible. 
 

Results 
Freundlich equation was used to calculate the adsorption constant k. In this study, k increased 
with increasing organic matter of the soils. 
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Table 4 Constants describing the mobility of the substance as a function of the organic carbon content 
of the soil. The constants were obtained from Freundlich adsorption isotherms for GS-14260 in a 
variety of soils. 
Origin of soil k 

µg/g soil 
kOM 

µg/g organic 
matter 

kOC * 
µg/g org. 
carbon 

Collombey 4.35 198 341 
Illarsaz 156.6 684 1179 
Les Evouettes 9.95 276 476 
Uvrier I 2.34 234 403 
Uvrier II 2.30 144 248 
Vetroz 20.69 369 636 
 

*) Evaluaters calculations (koc=kom x 1.724). 
 

Comments 
The study was not conducted according to any guidelines. It is well documented, but it is 
possible that calculations were based on single tests. According to the classification system by  
Torstensson (Ref. 18), the expected mobility of terbutryn is medium to low in these soils. 
 

Study 3 (Ref. 23) 
The study was performed by Analytical Bio-Chemistry Laboratories, Inc., Columbia, 
Missouri in 1981. 
 

Material and methods 
U-ring-labelled 14C-terbutryn was dissolved in deionized water to give concentrations of 0.0,  
0.5, 1.0, 5.0 and 10 ppm. Duplicate Erlenmeyer flasks (250 ml) were prepared with 100 ml of 
the stock solutions and 20 g of each soil type (tab 5) were transferred into the flasks. The soil 
suspensions were shaken in the dark for 40h at 20±1°C.  
 
Table 5 Soil characteristics of interest  for the study of mobility of the substance in the soil layers of 
four different soils 
 

 
Soil 

 
Organic 
matter 

% 

 
Mechanical Analysis 

 
     Sand %           Silt %         Clay % 

 
Cation exch. 

cap. 
(meq/100g) 

 
pH 

 
Field cap. 

% 

Silt loam 1.5 25.20 59.60 15.20 15.70 6.7 22.34 
Clay 2.7 5.20 33.60 61.20 47.57 * 53.71 
Sand 3.1 93.20 3.60 3.20 6.10 5.1 3.69 

Loamy sand 0.3 77.20 17.60 5.20 5.00 7.4 5.28 
 
* pH was not reported. 
 
 
After filtration of the suspensions through glass fibre filter paper, aliquots of the filtrate were 
taken in duplicates for liquid scintillation counting. 
 
The filter cakes were quantitatively transferred back to the flasks and 100 ml of fresh test 
water was added to each. The suspensions were shaken in the dark for 72 h at 20±1°C. The 
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suspensions were then filtered and the filtrate collected and analysed the same way as 
mentioned above. Adsorption and desorption were characterised by Freundlich isotherm. For 
the calculation of Koc, percent of organic matter (O.M.) was converted to percent organic 
carbon (O.C) by the equation: %O.C=%O.M./2.3.  
 

Results 
 
Table 6 Adsorption and desorption coefficients in the different soils describing the mobility of the 
substance as a function of the organic carbon content of the soil 
. 

 
Soil 

 
Organic Carbon 

 
Adsorption 

 
Desorption 

  
% 

Kd 
(µg/g org. C) 

Koc 
(µg/g org. C) 

Kd 
(µg/g org. C) 

Koc 
(µg/g org. C) 

Silt loam 0.65 13.2 2030 14.9 2290 
Clay 1.2 195 16300 179 14900 
Sand 1.3 42.9 3300 55.7 4280 
Loamy sand 0.13 2.55 1960 3.13 2410 
 
The Koc value in clay is considered aberrant, mainly because of the very high percentage of 
terbutryn adsorbed. Inappropriate solids/water ratio could have been the reason for this. 

Comments 
The study was well documented. It followed a guideline issued by CIBA-GEIGY, named 
“Determination of Adsorption/Desorption constant of terbutryn”, which was referred to but 
which was not attached to the study. According to the classification system by Torstensson of 
Koc values, the expected mobility in these soils is between zero and low. The Koc values in this 
study contrasts with those in study 1 and 2 where the adsorption was found to be considerably 
lower. The study will be regarded as questionable. 
 
 
 
3.1.2 Leaching characteristics 

Leaching characteristics was studied in nine different reports. 
 

Study 1 (Ref. 24) 
The leaching properties of Igran GS-14260 was studied in a soil column model by CIBA-
GEIGY in 1972. 
 

Material and methods 
An aqueous suspension of Igran 50 WP, containing approximately 1% radio labelled GS-
14260, was applied to the top of soil columns. Soil characteristics are listed in table 7. 
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Table 7 Soil characteristics of interest  for the study of mobility of the substance in the soil layers of 
different soils 
 

 
Origin of soil 

 
pH 

 
Organic 
matter % 

 
CaCO3 

% 

 
Mechanical Analysis 

 
  Clay %   Silt %   Sand % 

Collombey VS, 
Switzerland, (sand) 

7.8 2.2 11.5 2.8 10.2 87.0 

Lakeland, Florida, USA, (sand) 6.6 0.4 0 0.4 0.5 99.1 
Les Evouettes VS, Switzerland (loam) 6.1 3.6 0 12.2 49.4 38.4 
Vetroz VS, Switzerland (sandy clay 
loam) 

6.7 5.6 15.0 22.6 19.6 57.8 

 
A DCL micro-metering pump, equipped with a 5:1 reduction capsule gear (20 R.P.M.) and 
four pump heads was used. The flow rate could be varied between 0 and 12 ml per hour by 
micrometer adjustment of the plunger stroke. 40 cm long metal columns of four cm inner 
diameter which could be dismantled to yield 15 two-cm pieces and one 10-cm piece were 
used. The metal columns were filled with air-dried soil to 30 cm and the soil tightly packed 
by using a wooden plunger. 
 
630 µg of GS-14260 was applied to the top of the soil columns, corresponding to a rate of 5 
kg a.i./ha. A piece of filter paper was put on the soil surface to enhance the spread of the 
water over its surface. 200 mm of artificial rain was applied to the top of the soil columns 
over 48 hours with the plunger pump. For comparison, the standard Monuron was applied in 
the same way and in the same concentration to separate columns. Thereafter, the soil columns 
were disassembled and the separate layers were extracted with methanol in Soxhlet apparatus 
for four hours. After concentrating the extracts, they were mixed with scintillation mixture. 
The amount of GS-14260 was then determined by liquid scintillation spectrometry. 
 

Results 
The results in table 8 demonstrates the relationship between leaching distance and organic 
matter content of soil. Under the experimental conditions, Igran (GS-14260) leached into 
these soils to 4, 6, 10 and 12 cm, whereas Monuron penetrated to depths of 6, 16, 26 and >30 
cm. This means that Igran leached less into the soil than Monuron. For Igran, most of the 
substance is adsorbed in the top 4 cm layer and less than 0.4 % was found in the water phase. 
 
Table 8 Vertical distribution of the substance in the soil.  
 

Depth of soil 
layer (cm) 

% of GS-14260 recovered in the various soils and layers 

 Collombey Evouettes Vetroz Lakeland 
0- 2 25.7 81.8 82.8 16.3 
2- 4 32.4 1.9 1.8 27.9 
4- 6 28.0 0.4 <0.4 27.0 
6- 8 3.7 <0.4 <0.4 8.5 
8-10 0.8 <0.4 <0.4 3.1 
10-12 <0.4 <0.4 <0.4 0.9 
12-30 <0.4 

Water phase <0.4 
Total recovery 90.6 84.1 84.6 83.7 
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Comments 
Information about the site of radio labelling of the substance is lacking. Soils were not sifted 
before packing into the columns and therefor an effect on vertical movement can not be ruled 
out. The study was largely conducted according to EPA-guidelines, but it is poorly described, 
and the total recovery is unacceptable for all soils except Collombey. 
 

Study 2 (Ref. 25) 
Leaching behaviour of GS-14260 in three German standard soils was studied by CIBA-
GEIGY in Basle in 1974. It was conducted according to guideline No. 37 of the German 
Biologishe Bundesanstalt, Braunschweig. The study is poorly described and documented and 
will not be reviewed here. 
 

Study 3 (Ref. 26) 
Leaching characteristics of parent terbutryn was studied by Agrisearch Incorporated in 
Frederic, Maryland, USA in 1985. 
 

Material and methods 
The four soils used are presented in table 9. Leaching columns were prepared from 3-inch 
(7.62 cm) diameter PVC water pipes, segmented into 12 one-inch rings. All columns were 
packed in triplicate with 12 inches (30.48 cm) of soil (2 kg) and placed in a water container to 
allow the water to rise above the soil level from the bottom. The columns were then allowed 
to drip overnight to field capacity and were then placed over a glass funnel and a graduated 
beaker for collection of the leachate. 
 
Table 9 Soil characteristics of interest  for the study of mobility of the substance in the soil layers of 
four different soils 
 

 
Origin of soil 

 
pH 

 
Organic 
matter % 

 
Field 

capacity % 

 
Cation exch. 

capacity 
(meq/100g) 

 
Mechanical Analysis 

 
Sand %       Silt %       Clay % 

Maryland Sand 6.5 0.9 3.8 1.8 95.6 2.2 2.2 
Maryland sandy 
loam 

7.5 1.9 15.8 6.1 63.2 20.0 16.8 

Maryland Clay 5.9 4.8 35.9 24.3 25.2 32.8 42.0 
Mississippi loam 7.9 1.3 23 8.9 49.6 41.2 9.2 
 
The soils were treated with U-ring-labelled 14C-terbutryn to a concentration of 10 ppm. All 
columns were leached with 2.3 l distilled water, corresponding to 50.8 cm, at a rate of 2.54 
cm per hour. The total volume of leachate was measured and quantified for radioactivity by 
liquid scintillation counting. The columns were then segmented into 2.54 cm sections to 
determine the distribution of radioactivity in each column. Duplicate samples of each section 
were oxidised using a biological material oxidiser (BMO). BMO generated 14CO2 was trapped 
in R.J. Harvey-CO2 trapping fluor. 
 
All quantifications were performed with a liquid scintillation spectrophotometer using 2-
channel counting for five minutes 
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Results 
Table 10 shows the average distribution profile for the four soil types. Most of the substance 
is adsorbed to the soil phase but as much as 9.7% was found in the leachate from one of the 
sandy soils. 
 
Table 10 The average radioactivity distribution for the triplicate soil columns (% of theoretical dose).  
 

Soil type Maryland-
sand 

Maryland-
sand loam 

Maryland-clay Maryland-
clay, repeat 

Mississippi-
loam 

Soil 87.26 95.19 68.26 91.20 99.08 
Leachate 9.67 1.34 0.53 0.21 1.55 

Total 96.93 96.53 68.79 91.41 100.63 
 
The results demonstrated that parent terbutryn did not leach in soil columns containing soils 
with an organic matter content greater than 0.9%. Only 0.1 - 3.8% of the theoretical dose was 
found in the leachates obtained from those columns. The upper 5 inches of soil retained 39 - 
105% of the dose. In those columns with 0.9% organic matter (sand) an average of 9.7% of 
the dose was found to leach through the column. The 12 inch sand columns retained 82 - 95% 
of the dose following elution with 20 inches of water. 
 

Comments 
The study was largely conducted according to EPA-guidelines and was well performed and 
documented.  

Study 4 (Ref. 27) 
Leaching characteristics of terbutryn in three German standard soils (table 11) was studied by 
CIBA- GEIGY, Basle, in 1974, according to guideline No. 37 of the German BBA, 
Braunschweig. 
 
Table 11 Soil characteristics of interest  for the study of mobility of the substance in the soil layers of 
different soils 
 

Origin pH Organic C % Mechanocal Analysis 
Clay+Silt %            Sand % 

Speyer 7.0 0.8 4.2 95.8 
Neuhoffen 6.8 2.6 10.1 89.9 
Hatzenbühl 5.2 0.6 19.5 80.5 
 
 
The dose of terbutryn used was 2 kg/ha and the amount of artificial rain was 200 mm/2 days. 
The column used was not described but the guideline recommends a length of 300 mm and an 
inner diameter of 50 mm. The amount of leachates were 370-375 ml during the two days. The 
leachates were extracted with dichloromethane (DCM), evaporated and diluted in acetone. 
Analysis were made on GC with AFID-detector. None of the metabolites GS 26572, GS 
11355 or GS 26831 could be found in the leachate. The limit of detection was 8 ppm. 
 

Results 
<3 µg/370 ml or <0.76% of the applied dose was found in the leachates. 
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Comments 
The study is sparsely described and documented with only a few notes on a few standard data 
sheets. Reliability is considered low. 
 

Study 5 (Ref. 28) 
Leaching characteristics of aged residues of 14C-terbutryn (Igran) in two soils was studied by 
RCC research and Consulting Company AG, in Switzerland in 1983. 

Material and methods 
The soils (table 12) were treated with 14C-terbutryn at a dose of 9.95 mg/l of soil. This was 
meant to correspond to the maximum recommended field rate of 2.0 kg a.i./ha. Thereafter the 
soils were aerobically incubated in metabolic flasks at 25°C with 14CO2-traps, for 104 days in 
the dark at a moisture content corresponding to 70% of the field capacity.  
 
The leaching study was performed in 40 cm long glass columns of 4 cm inner diameter. The 
columns were packed with air-dried and sieved (2 mm) soil up to 28 cm in the columns. 
Thereafter water was added dropwise until leachate could be collected. After ageing, aliquots 
of the treated and aged soils were applied as a two cm layer on top of corresponding, 
untreated soil columns. The columns were eluated daily with 16 ml portions of distilled water 
(equal to 12.5 mm artificial rain) over 16 days, by a multichannel peristaltic pump at a flow 
rate of 7 ml/h. 
 
Table 12 Soil characteristics of interest  for the study of mobility of the substance in the soil layers of 
different soils 
 

Origin of 
the soil 

Organic 
C % 

pH Cation 
exch. 

capacity 
(meq/100g) 

Max 
water 

holding 
cap. % 

Field 
cap. 
% 

Microbial 
biomass 

mg C/100 
g soil 

Volume 
of wet 

soil 
corresp. 
to 200 g 
dry soil 

ml 

Mechanical Analysis 
 

Particle size in mm 
 

 
 >0.05      0.05-       <0.002  
                0.002 

Loamy sand 
Collombey 

1.9 7.1 12.1 33.9 20.1 44.0 169.9 79.9 % 14.9 % 5.2 % 

Silt loam 
Les 

Evouettes 

1.8 5.6 11.0 52.8 38.3 48.5 211.4 10.4 % 71.6 % 18.0 % 

 
 
After completion of the “rainfall” period (16 days) the total soil column was removed from 
the glass column and divided into 2-cm layers before extraction with DCM and methanol-
water and finally with methanol in a Soxhlet apparatus for 16 h. The extracted and 
nonextractable radioactivity was determined by liquid scintillation counting and combustion 
analysis, respectively. Various extracts were combined and analysed by thin-layer 
chromatography. The radioactivity of the leachates was determined by liquid scintillation 
counting. Leachates containing >0.1 % of applied radioactivity were bulked, ultrafiltrated, 
concentrated and subjected to thin layer chromatography. 
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Results 
After 104 days of ageing, 47.1% and 54.2% of the radioactivity originally applied to the soils 
were found to be extractable in the loamy sand and silt loam respectively. Total recoveries 
were 92.3-94.8% and only a small amount of volatile products were formed (0.5-2.0%). A 
large part was nonextractable with the solvents used. and the amount of parent molecule 
detected was only 3.4-3.5%. 
 
The distribution of aged, extracted 14C-terbutryn residues in the soil columns after 16 days is 
presented in table 13. Totally 84.9 and 88.4% of the radioactivity originally applied to the 
columns were retained by the loamy sand and the silt and 13.5 and 4.0% were eluated 
respectively, after 16 days. 59.1% and 51.2% was nonextractable for loamy sand and silt loam 
respectively. 
 
The major part of the radioactivity was associated with the top 8-cm layers of both soil 
columns. Terbutryn was present in the top 2-cm layers of both soils. The unknown metabolite 
(M4) was isolated from the lower soil layers of both soils.  
 
The metabolites isolated in the leachate fractions are given in table 13. Total radioactivity 
appearing in the column eluates of the loamy sand and silt loam accounted for 13.5% and 
4.0%. The most prominent metabolites in the leachates were GS 17792 (Appendix II) and the 
unidentified M4. The parent molecule was not found in the leachates. 
 
Table 13 Distribution of seven extractable metabolites in various soil layers and in the leachates of the 
two soils. Values in % of applied dose. Most of the substance is transformed. The major 
transformation product is M5. 
 

Compound Loamy sand 
Soil layer 

Loamy 
sand 

Leachates 

Silt loam 
Soil layer 

Silt loam 
Leachates 

 1 2-4 5-12 13-15  1 2-4 5-12 13-15  
M1 (GS 17791) <0.1 <0.1 n.d. n.d. 1.0 n.d. n.d. n.d. <0.1 0.2 
M2 (GS 17792) <0.1 <0.1 n.d. <0.1 4.6 n.d. n.d. n.d. <0.1 2.2 
M3 (GS 28620) <0.1 <0.1 2.9 <0.1 0.6 0.6 1.4 0.8 <0.1 0.4 
M4 n.d. n.d. n.d. 3.1 6.1 n.d. n.d. <0.1 1.0 0.9 
M5 (GS 23158) 5.4 13.0 <0.1 n.d. 0.5 11.4 12.8 1.3 1.1 0.1 
M6 n.d. n.d. n.d. n.d. 0.7 1.1 1.2 1.1 0.7 0.2 
M7 n.d. n.d. n.d. n.d. <0.1 0.6 n.d. n.d. n.d. <0.1 
M8 (Terbutryn) 1.4 n.d. n.d. n.d. - 2.1 n.d. n.d. n.d. - 

Subtotal 6.8 13.0 2.9 3.1 13.5 15.8 15.4 3.2 2.8 4.0 
Total 25.8  37.2  

 
n.d.) not detected 

Comments 
The study was not conducted according to any guideline, although the procedure described in 
the German guideline, Richtlinien für die Prüfung von Pflantzenschutzmitteln Teil IV 4-2 
(BBA Merkblatt Nr. 37) is similar. The study seems to be well performed and documented. 
The total recovery was 92-98%. The period of ageing was rather long (104 days). 
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Study 6 (Ref. 29) 
Leaching of aged residues of terbutryn in two soil types was studied by CIBA-GEIGY in 
Basle in 1978. 

Material and methods 
The soils used are described in table 14. 
 
Table 14 Soil characteristics of interest  for the study of mobility of the substance in the soil layers of 
two different soils 
 

Origin of the 
soil 

pH Organic matter 
% 

Mechanical Analysis 
 

   Clay %               Silt %              Sand % 
Collombey 7.8 2.2 2.8 10.2 87.0 
Les Evouettes 6.1 3.6 12.2 49.4 38.4 
 
 
Untreated samples of the soils were treated with 14C-ring labelled terbutryn at a rate 
corresponding to 3 kg a.i./ha. Soil humidity was adjusted to 50 % of the water holding 
capacity by the addition of distilled water. The soil samples were incubated for 30 days in the 
dark at 22±2°C in a metabolic apparatus continuously ventilated by a stream of air. 
 
Metal columns (40 cm length, 4 cm innerdiameter) were filled with the untreated soils to a 
height of 28 cm and saturated with water. Thereafter the aged, treated soil samples were 
applied as a 2 cm layer on top of these soil columns. Artificial rain of 12.5 mm (16 ml) was 
applied daily over a period of 16 days, giving a total amount of 200 mm. The column eluates 
were collected and analysed for 14C- activity by liquid scintillation spectrometry. Detection 
limit was 6 ppm. 
 

Results 
205-218 ml eluate was collected during the 16 days. The results are presented in table 15. 
 
Table 15 Amount of 14C-terbutryn-equivalents found in the eluates showing the ability of mobility for 
the degradation products  
 
Origin of the soil 14C-terbutryn- equivalents  % of the dose applied 
Les Evouettes 1.96 µg/218 ml 0.51  
Collombey 13.60 µg/205 ml 3.5  
 
In the eluate from the Collombey soil terbutryn amounted to 0.20 % of the applied 
radioactivity. 
 

Comments  
The study is conducted according to BBA Merkblatt Nr. 37 and is sparsely described but 
seems to be well performed. The study indicates that terbutryn, as well as its metabolites can 
be found in small amounts in the eluate, also after ageing of the formulation. 
 
 

Study 7 (Ref. 30) 
Leaching characteristics of aged 14C-terbutryn residues in two standard soils was studied by 
CIBA- GEIGY in Basle, in 1980. 
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Material and methods 
The methods used were the same as for study 5 (Ref. 28) but with some differences described 
below. 
 
The duration of the ageing process was 30 days and the temperature was 25±1°C. Distilled 
water was added to up to 50% of the waterholding capacity. The doses were 8.4 ppm (sand) 
and 12.6 ppm (silty loam), corresponding to the maximum of the recommended rate of 
application (3 kg a.i./ha). The soils used are described in table 16. 
 
Table 16 Soil characteristics of interest  for the study of mobility of the substance in the soil layers of 
two different soils 
 

Origin  pH Organic 
matter 

% 

Cation exch. 
cap. 

meq/100 g soil 

CaCO3 
% 

Mechanical Analysis 
 
 

Clay %    Silt %   Sand % 
Collombey, VS, Switzerland (sand) 7.8 2.2 14.0 11.5 2.8 10.2 87.0 
Les Evouettes, VS, Switzerland (silty 
loam) 

6.1 3.6 9.0 0 12.2 49.4 38.4 

 
 
Forty cm long metal columns of 4 cm inner diameter were used. The pump used for the 
artificial rain delivered 2.1 ml water/h. Daily rainfall was 12.7 mm over the period of 45 days 
giving a total amount of 571.5 mm. The radioactivity in the various layers of the percolated 
soil columns was determined by combustion. No further characterisation of the radioactivity 
was presented. The column eluates were extracted with DCM by shaking in separation 
funnels and the radioactivity was characterised by TLC on silica gel plates.  
 

Results 
After ageing, only about 8% of applied radioactivity was found to be nonextractable in the 
two soils. GS- 26575 was found in minor amounts (2-3%). Total recovery in the study was 
97.1% and 99.5% from the two soils. 
 
In the soil columns the total recovery was 95.3% and 97.6% of applied radioactivity in the 
Collombey and Les Evouettes soils respectively. In both soils the major portion of the 
radioactivity was retained in the top 10 cm-layers. 7.2% and 1.4% of the applied dose was 
eluated from the Collombey sand and the Les Evouette silty loam columns respectively, over 
the 9 weeks period with 571.5 mm artificial rain. No parent molecule could be detected in the 
eluates. 
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Table 17 The distribution of 14C-terbutryn in the soil columns after leaching (Results in % of the 
dose). 
 
Soil layer (cm) Sandy soil 

(Collombey) 
Silty loam 

(Les Evouettes) 
0-2 23.7 78.0 
2-4 9.0 11.0 
4-6 13.0 4.5 
6-8 13.5 1.9 
8-10 8.4 0.5 

10-12 8.0 0.5 
12-14 4.3 0.2 
14-16 4.3 0.3 
16-18 3.4 0.1 
18-20 2.0 0.1 
20-22 2.7 0.1 
22-24 1.5 0.1 
24-26 0.8 0.1 
26-28 0.4 0.1 
28-30 0.3 0.1 
Total 95.3 97.6 

 
 

Comments 
After ageing for 30 days, large amounts of terbutryn were still unchanged and only a small 
part of the dose applied was unextractable.This does not compare favourably with other 
studies. The study was not conducted according to any specific guidelines but it shows 
similarities to the procedure described in BBA, Teil IV 4-2. It demonstrates that metabolites 
of terbutryn is eluted in small amounts from the soils, which also was demonstrated in study 
5. 
 

3.2 Transformation, degradation 
3.2.1 Photolysis 

Photodegradation of terbutryn on soil surfaces was examined in three different studies with 
exposure to natural or artificial light. The photodegradation in water was examined in 2 
studies. 
 

Study 1 (Ref. 31) 

Material and methods  
The study was performed by Agrisearch Incorporated, Maryland USA in 1985. The 
photolysis of 14C- triazine ring labelled terbutryn in acetone solution on Maryland sandy loam 
strips (tab 18), prepared on glass packed silica gel thin layer chromatography plates, was 
studied. The approximate dose was 8 ppm on the soil. A duplicate of each plate which was 
covered with foil to insure complete darkness served as a control. 
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Table 18 Soil characteristics of importance for the study of the photolysis of the substance. 
 

Texture pH Org. matter  
% 

Field 
capacity % 

Cation exch. 
capacity 

(meq/100g) 

 
Mechanical Analysis 

 
Sand %       Silt %       Clay % 

Sandy loam 7.5 1.9 15.8 6.1 63.2 20.0 16.8 
 
All plates were exposed to artificial sunlight for up to 30 days. The light source was a 450 
watt lamp (Ace Glass, Vineland, NJ). Wavelengths below 290 nm were removed with a filter. 
The intensity of the lamp was equivalent to that of bright natural sunlight (10.800-17.400 
µW/cm2). The temperature was 24-32°C. Volatile traps were connected to the air outlet port 
of the reaction vessel where the plates were exposed. A Berthold TLC linear analyser was 
used to quantify all radioactive spots. 
 

Results 
No volatile photoproducts were observed in the study. The half-life of terbutryn was found to 
be 10 days. Varying quantities of six photodegradation products were observed after ten days. 
The main degradation products were GS-28620 (10.5% of the applied radioactivity at 128 h ) 
and GS-23158 (27.3% of the applied radioactivity at 128 h) (Appendix I). 
 

Comments 
Terbutryn can be photodegraded on soil surfaces. The level of the light exposure used in this 
study was however far above what can be expected in the south and in the middle of Sweden. 
The study was mainly conducted according to EPA-guidelines and seems to have been well 
performed and documented. 
 

Study 2 (Ref. 31) 
Material and methods  
The same 14C-terbutryn solution as prepared in study 1, was applied to soilfilms (tab. 18) 
prepared on the inner surface of pyrex petri dishes. The study was performed by Agrisearch 
incorporated, Maryland in 1985. The calculated dose used was 8.1 ppm on the soil. Controls 
were covered with aluminiumfoil. Temperatures ranged from 8°C to 48°C. The dishes were 
exposed to natural sunlight with an intensity measured to range from 0-5800 µW/cm2 during 
the period of exposure (equivalent to a reading of 0- 1380 µW/cm2 for the wavelengths 
transmitted by the filter in the artificial sunlight study). Exposure times were 4, 8 or 12 hours 
daily for five consecutive days. The analysis were made with LSC and TLC.  
 
The half-life of terbutryn was calculated using pseudo first order reaction kinetics. 
 

Results 
The half-life of terbutryn in the study was 30 days. The degradation of terbutryn appeared to 
be dependent on temperature and other environmental factors, since no degradation of 
terbutryn was observed if results from the exposed samples were corrected for with the results 
from the controls. 
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Comments 
The study is well documented and was conducted mainly according to EPA-guidelines. The 
duration was not long enough to determine a half-life for photolytic degradation. However 
there was no obvious photodegradation of the compound in this study. 
 

Study 3 (Ref. 32) 

Material and methods  
The study was performed by CIBA-GEIGY, Switzerland in 1979. Terbutryn was applied to 
dry Les Evouettes silty loam (organic matter 3.6%, clay 12.2%, silt 49.4%, sand 38.4%, 
waterholding capacity 38% and pH 6.1) at a rate of 10 ppm and exposed to artificial sunlight 
for 24 h. Some of the soil samples were then moistured with 12% water. The exposure was 
carried out in a SUNTEST apparatus (original Hanan Quarzlampen GmbH, Hanan, 
Germany). Undesired IR-radiation was filtered out by a plane of quartz glass with IR-
reflecting coating. All shortwave UV-light below 290 nm was filtered out by an additional 
plane of UV-specific glass. The energy distribution was similar to that of sunlight. The 
samples were kept in six metal boxes (with a surface area of 88 cm2 each) placed 23 cm 
below the xenon lamp. Sample temperature was 45 ±5°C. After extraction with acetone and 
methanol in a Soxhlet apparatus, analysis was carried out using GC, TLC, and liquid 
scintillation spectrometer. 
 

Results  
There was no degradation in the covered or the exposed soil in the dry samples. 
Approximately 6% of the terbutryn was transformed in the exposed and the covered moist 
soil.  
 

Comments 
The study does not demonstrate any photolytic reactions. It was well performed and well 
documented.  
 

Study 4 (Ref. 33) 
Photolysis of GS-14260 in aqueous solution under natural and artificial sunlight conditions 
was studied by CIBA-GEIGY, Ardsley, New York in 1972. 
 

Material and methods 
Not described but reference made to “AG 208, and AG 209”. The total radiation in the natural 
sunlight study was 4200 Langley units under 2 weeks. 
 

Results 
There was no photolytic degradation under natural sunlight. 
 

Comments 
There are lots of gaps in the descriptions of the material and methods. However, the study 
does state that there was no photolytic decomposition of terbutryn in water under natural 
sunlight. This result compares favourably with that from the photolytic studies in soil under 
natural sunlight. 
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Study 5 (Ref. 34) 
Determination of the photolytic rate constants and degradation products of terbutryn in water 
was conducted by Agrisearch Incorporated, Frederick, Maryland in 1985. 
 

Material and methods 
U-ring-labelled 14C-terbutryn was dissolved in a sterilised neutral buffered solution to a 
concentration of 1 ppm. Sensitised (1% acetone) and nonsensitised solutions were made. 
Controls were kept in the dark at 25±1°C 
 
The tests were carried out in a 500 ml reaction vessel exposed to an artificial sunlight source. 
Light spectrum from the lamp, with a 290 nm and lower wave length cut off sleeve, 
approximated natural sunlight. Exposure intensity varied from 5.0-9.3 µW/cm2, which almost 
falls within the intensity range for natural sunlight on a clear day in Maryland 
 
Samples were taken over a 16 h exposure period. The degradation was monitored during the 
photolysis period by TLC of the radioactive solutions. At each sampling a 10 ml sample of 
each solution was partitioned with DCM. The DCM was analysed for radioactivity and was 
co-chromatographed with standard samples. 
 
All quantification was performed using 2 channel counting for 5 minutes. The photolytic rate 
constant and half life of terbutryn were calculated using pseudo first order reaction kinetics. 
 

Results 
The results demonstrates that terbutryn was rapidly photodegraded in aqueous solution 
exposed to artificial sunlight (table 19). Total recovery averaged 99.9% for exposed replicates 
and 98.2% for the unexposed (dark) controls. Sensitisation of the photolytic reaction had no 
effect on the photodegradation rate of terbutryn. Total recovery in the sensitised portion of the 
study averaged 95.4% for exposed to 95.7% for unexposed controls. 
 
Table 19 Results of the photodegradation-study in water, showing a rapid degradation with half lives 
lesser than 8 hours. 
 

Study Rate constant 
(k) 

Half life 
(hours) 

Nonsensitised replicate         1 Invalid - 
                 -”-                         2 0.0925 7.5 
Sensitised Replicate              1 0.1129 6.1 
                 -”-                         2 0.0888 7.8 
 
The only photodegradation products identified during the course of the study at levels greater 
than 10% of the dose were GS-32404 (appendix II) (21% of dose at 12 h) and GS-26575 
(11% at 8 h) (Appendix I). The GS-32404 product was seen to increase continually over time. 
The GS-26575 was seen to increase over time and then level out at about 8 hours. 
 
Comments 
The study was mainly conducted according to EPA- guidelines and seems to have been well 
performed and documented. Photolytic decomposition of terbutryn is fast under the artificial 
sunlight conditions used in the study. 
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3.2.2 Hydrolysis 

Two studies on hydrolysis were performed. 

Study 1 (Ref. 35) 
Determination of the hydrolytic rate constants of terbutryn was studied by Agrisearch 
Incorporated, Frederick, Maryland in 1985. 

Material and methods 
14C-triazine ring labelled terbutryn was mixed with three sterilised buffer systems (pH 5, 7 
and 9) prepared with distilled deionized water. All buffer mixtures were incubated at 25±1°C 
for up to 30 days. Samples were removed at fixed intervals and analysed with TLC. Pseudo-
first order kinetics was used to determine the half-life and the rate constant. 
 

Results  
Terbutryn was not hydrolysed during the 30 day test period. 
 

Comments 
The study seems to have been conducted according to EPA-guidelines and is well performed 
and documented. 
 

Study 2 (Ref. 36) 
Hydrolysis of terbutryn under laboratory conditions was studied by CIBA-GEIGY, Basle, 
Switzerland in 1980. 

Material and methods 
The chemical hydrolysis of terbutryn at a concentration of 10 ppm in different aqueous media 
with pH- values ranging from 1 to 13 at 30, 50 and 70 °C was investigated. The system was 
stirred continuously over a period of 28 days. 
 
Aliquots of the solutions were extracted with methylene chloride at different time intervals. 
The methylene chloride was removed and the residue redissolved in acetone. Analysis were 
made on TLC and GLC. 
 
Results 
The recoveries were 99±3.8 %. Terbutryn was very stable in buffer solutions with pH values 
5, 7 and 9 and in 0.1 N NaOH at room temperature (half lives >>200 days). Studies in 
strongly acidic (pH 1)and alkaline (pH 13) solutions showed a direct degradation of terbutryn 
to 2-tert. butylamino -4-ethyl- amino-6-hydroxy-S-triazine (GS- 23158, (Appendix I)).  
 
Comments 
The study was not conducted according to any guidelines, although it shows some similarities 
to the procedure described in EPA -guidelines (Ref. 11). The results lead to the same conclu-
sion as in study 1-that terbutryn is not hydrolysed under normal conditions.  
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3.2.3 Transformation in soil 

Study 1 (Ref. 37) 
The metabolism of terbutryn in soil under aerobic, aerobic/anaerobic and sterile conditions 
was studied by Agrisearch Incorporated, Columbia, USA in 1985. The nature and the extent 
of formation of pesticide degradation products were examined. 

Material and methods 
14C-ring-labelled terbutryn was prepared in solution, mixed with soil (tab 18), and allowed to 
age under aerobic, anaerobic or sterile/aerobic conditions. A control flask with unfortified soil 
was incubated aerobically. Experimental conditions were achieved by use of foil-covered 
Erlenmyer flasks with two glass tube side-arms providing an inlet for microbial filtered 
compressed air (aerobic incubation), and nitrogen (anaerobic incubation), and an outlet to the 
volatile traps. All flasks were covered with aluminium foil to eliminate photodegradation and 
the temperature was kept at 24±2°C. For the aerobic study, a continuous air flow rate of 60 
ml/min. was used. The moisture content of the soil was kept at 75% of the field capacity. The 
dose was calculated to be 10.0 ppm (based on dry weight of the soil). 
In the sterile aerobic study, the soil was autoclaved and then fortified and incubated in the 
same way as for the aerobic incubation.  
 
After one month, subsamples of the aerobic incubation mixture were flooded with deionized 
water (2 cm deep) to asses anaerobic metabolism. The system was flushed four times a day 
for 60 min. with nitrogen at a flow rate of 60 ml/min. Additionally 0.5 g glucose (1% of soil 
weight) was added to each of the replicate anaerobic flasks.  
 
During the course of the study, subsamples from aerobic, aerobic/sterile and anaerobic 
incubations were removed for extractions and identification of radioactive metabolites. 
Volatile products were trapped using a series of ethylene/glycol, 1N H2SO4 and1N NaOH 
traps with a constant flushing of headspace of each respective incubation flasks. At 0, 1 and 7 
days, 2 weeks and 1 month, the aerobic and sterile flasks were sampled for combustion 
analysis of the soil, for CO2 content and for characterisation of volatile and non-volatile 
metabolites . Aerobic flasks were additionally sampled at 3, 6, 9 and 12 months. The sterile 
flasks were also sampled at 2 and 3 months. The anaerobic flasks were also sampled for 
combustion analysis of soil, CO2 evolution and volatile and non-volatile metabolite 
characterisation in both soil and water at 29 and 60 days after anaerobic conditions were 
initiated. 
 
Due to reduced extractability, the extraction method of the soil sample was altered after the 
first month, from shaking with methanol/water to a 6 h Soxhlet extraction with the same 
solvent. The samples were then partitioned with DCM. Finally concentrated DCM and 
partitioned water were quantified for radioactivity. The DCM extracts and the water phase 
were further characterised by TLC using the solvent systems ethylacetate and 
chloroform/methanol/formic acid/water. Non extractable residues were quantified by 
combustion analysis of the soil remaining after extraction. The amount of trapped volatile 
products and CO2 was determined by liquid scintillation counting. 
 

Results 
Aerobic conditions 
In the aerobic soil, bound residues increased during the first 6 months (tab 20). Throughout 
the incubation period volatiles accounted for less than 1% of the applied 14C. The percentage 
of 14C-terbutryn extractable from the aerobic soils decreased in a linear manner. Radioactivity 
in the DCM-soil extract decreased from >98% of applied 14C at Day 0 to <7% at 12 months. 
The amount of radioactivity in the aqueous remainder increased from <1% of dose Day 0 to 
23.8% at 12 months. The chloroform/ methanol/ formic acid/ water solvent system did 
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achieve adequate separation of all the metabolites including the unknown. The main 
metabolites found in the study were GS-26575 (ca 10% after 0.5-3 months) and GS-23158 
(20-25% after 3-12 months). Other metabolites observed never exceeded 10% of dose (or 1 
ppm). The average half-life of terbutryn was calculated to be 38 days. 
 
Anaerobic conditions 
In the anaerobic system, the half-life of terbutryn was 140 days in soil and 90 days in water. 
This study exhibited slight variations in radioactivity distribution from the 2 to 3 month 
samplings (tab 21). Water accounted for 40-45% of the dose with an average of 61% being 
found in the soil. There were significant soil bound residues following extraction (7-32%). 
Anaerobic conditions slowed terbutryn metabolism but did not appear to change the pattern of 
metabolism, and at no time did any one metabolite exceed 10% of the applied dose. 
 
Sterile aerobic conditions 
This study exhibited good extractability of radioactivity throughout the 3 month sampling 
period. Soil bound residues remained <10%, and the DCM soil extract accounted for >89% of 
the applied dose. 
 
A proposed scheme for terbutryn metabolism is presented where the metabolism is a 
combination of 2 concurrent processes. One is the oxidation of the R1-carbon with the loss of 
the methylsulfur group, leading to the formation of the metabolite GS-23158. The second 
process involved is cleavage of the ethyl group from the nitrogen functional group at the R2 
site leading to the formation of the metabolite GS-26575 (Appendix II). 
 
Table 20 Radiocarbon balance after aerobic incubation and extraction. Results expressed as 
percentage of applied 14C 
 

Aerobic incubation      
 

Sterile incubation 
 

Time   Day   Month   Day   Month 
 0 1 7 14 1  3 6 9 12 7 1  

 
3 

Aqueous 
phase * 

0.36 0.27 1.28 2.27 9.95 27.02 20.96 25.7 23.8 0.34 0.66 3.15 

DCM 
phase * 

98.06 92.02 90.25 87.76 62.45 31.47 8.20 7.94 6.44 99.05 93.20 91.68 

Bound 
resid. in 
soil 

0.24 4.08 9.56 13.22 19.78 33.38 54.60 44.44 41.41 5.36 4.90 7.23 

Total 
radio-
activity * 

98.66 96.36 101.14 103.30 92.30 92.14 83.39 78.21 72.24 104.76 98.78 100.51 

* Day 0 recovery based on % of theoretical 14C applied 
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Table 21 Radiocarbon balance after anaerobic incubation, as percent of applied 14C 
 

Phase 
 

2 Months 3 Months 

WATER Extracted Water 9.05 10.43 
 DCM-Extract 35.60 32.18 
SOIL Aqueous Phase not analysed 5.40 
 DCM-Extract 35.52 40.58 
 Bound Residue 13.58 26.54 
VOLATILE PRODUCTS <0.10 0.77 
TOTAL 94.03 115.90 
 
Table 22 Characterisation of the DCM*-soil extracts. Amounts in percent of applied dose 
 

 Aerobic Sterile Anaerobic 
Time Day  

0 
 

14 
 month 

1 
 
3 

 
6 

 
9 

 
12 

Day 
7 

month 
1 

 
3 

month 
2 

 
3 

Terbutryn 96.37  77.38 48.53 16.84 3.58 0.64 0.12 >90 34.20 35.32 
GS-26575 - 10.05 11.43 8.10 1.47 3.58 2.68 <10 5.55 7.17 
GS-23158 - 0.04 8.19 25.61 20.96 25.06 20.25 <10 - 0.72 
*Dichloromethane 

Comments 
The study seems to have been well performed and the documentation is good. The aerobic 
part have been performed mainly according to EPA-guidelines. The total radioactivity 
decreased at the end of the aerobic study and was then below acceptable level (72.24%). The 
temperature in the study was far above the normal found in Swedish soils which probably 
gives a faster metabolism than could be expected under temperature conditions relevant for 
Swedish soils. 
 

Study 2 (Ref. 38) 
The degradation of terbutryn in soil under aerobic conditions was studied by RCC, Research 
and Consulting Company AG, Switzerland in 1983. 

Material and methods 
The soil (“Strassenacker” (silt), table 23) was incubated in metabolic flasks connected with 
CO2 absorption bottles and an airflow adjusted to 60 ml/min. The soil moisture was 70% of 
field capacity. Temperature was 25°C and the dose 2.0 mg/100g soil. 
 
Table 23 Soil characteristics of “Strassenacker” (silt) on a dryweight basis. 
 

pH Organic 
carbon  

(%) 

Cation 
exchange 
capacity 

(meq/100g) 

Field 
capacity  

(g water*) 

Biomass  
(mg C *) 

Particle size 
<0.002 mm 

(%) 

Particle size 
0.002- 

0.05 mm (%) 

Particle size 
>0.05 mm 

(%) 
 

7.4 1.26 8.1  32.5 82.0 6.8 88.8 4.4 
* /100g soil 
 
After extraction with DCM and methanol/water and an exhaustive extraction with methanol in 
a Soxhlet apparatus, the metabolites in the DCM extract were isolated and characterised by 
TLC. These metabolites were further characterised by HPLC, GLC and GLC-MS. The 
metabolites in the methanol/ water extracts were concentrated by evaporation of the methanol 
and partitioned with chloroform. Metabolites in the chloroform phase, in the aqueous phase 
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and in the methanol Soxhlet extract were analysed and characterised with the help of a wide 
range of methods. The radioactivity was determined in a Packard liquid scintillation counter. 
To purify and characterise isolated metabolites, analysis was performed with HPLC (Du pont 
850 gradient pump model equipped with a column oven, an UV-detector and a radioactivity 
monitoring flow cell system). Ultrafiltration was used for the clean up of aqueous samples 
and a high-voltage electrphoresis (HVE) was used to further separate the metabolites . 
The major pathways of degradation were determined and all metabolites were characterized 
(Appendix I and II). 
 

Results  
The half-life was calculated to be 15.2 days (first order kinetics). 14 different metabolites 
were isolated from the extractable soil radioactivity (tab. 25). After 6 months the metabolite 
GS-23158 had 25.5% of the radioactivity applied. GS-28620 reached 9.6 and 13.2% of the 
applied radioactivity after 2 and 3 months respectively and thereafter it declined. The 
metabolite M3 (no identity code) had 9.6% of applied amount after 3 months of exposure. M8 
(no identity code), representing an intermediate metabolite reached its highest concentration 
in the soil after 1 month with 14.9% of the applied radioactivity. These were the only 
metabolites with radioactivity exceeding 10% of the applied amount. The non- extracted 
radioactivity gradually increased to 43% after 181 days of incubation. Total recoveries of 
radioactivity averaged 96.5% ±1.6% (tab. 24). The structures of M3 and M8 were suggested 
in the study. 
 
Table 24 Extractability of radioactivity from soil treated with 14C-terbutryn (values in % of the 
radioactivity applied).  
 

Incubation time in days 
 0 14 28 59 91 181 
Volatiles 14CO2  - 0.1 0.2 0.5 0.9 1.7 
Extracted radioactivity 98.7 84.2 73.3 58.0 54.2 51.8 
Non-extracted 
radioactivity 

0.8 11.4 24.0 36.5 40.6 43.0 

Total 99.5 95.7 97.5 95.0 95.7 96.5 
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Table 25 Distribution of terbutryn and its metabolites in the extracted soil treated with 14C-terbutryn 
(values in % of radioactivity applied). For structures, see appendix II. 
 
Metabolite Identity Incubation time in days 
  0 14 28 59 91 181 
M0 GS-14260 95.6 52.5 28.4 6.6 0.5 0.1 
M1 GS-17791 n.d n.d 0.9 0.5 1.2 1.6 
M2 GS-17792 n.d n.d 2.1 1.5 2.2 3.5 
M3 - n.d n.d n.d 3.8 9.6 6.1 
M4 - n.d n.d n.d 0.6 4.5 5.2 
M5 GS-28620 n.d 4.6 9.6 13.2 3.5 4.9 
M6 GS-23158 n.d 6.5 11.7 20.8 24.4 25.5 
M7 - 0.5 0.9 2.3 6.9* n.d n.d 
M8 - <0.1 14.4 14.9  n.d n.d 
M9 - n.d n.d <0.1 <0.1 n.d n.d 
M10 - n.d <0.1 n.d 0.2 n.d n.d 
M11 - n.d 0.5 n.d 1.5 1.9 3.0 
M12 GS-26575 1.7 3.7 2.9 <0.1 2.4 n.d 
M13 - n.d n.d n.d n.d 2.5 1.8 
M14 CGA- 

113334 
n.d n.d n.d n.d 1.5 0.1 

Not 
analysed 

- 0.9 1.1 0.5 2.4 - - 

Total  98.7 84.2 73.3 58.0 54.2 51.8 
 

n.d- not detected 
* - M7 and M8 together 
 

Comments 
The study seems to have been well performed and is well documented, but it does not seem to 
have been performed according to any specific guidelines. It was not done under dark 
conditions and therefore allowance must be made for the effect of photolysis. The temperature 
was above what can be expected in Swedish soils. 
 

Study 3 (Ref. 39) 
Degradation of terbutryn in two German standard soils. 

Material and methods 
The study was carried out in two German standard soils (tab 26), in 1974 by CIBA-GEIGY . 
 
Table 26 Soil characteristics of interest for the study of degradation  
 
Origin of the soil pH Organic carbon % Mechanical Analysis 

 
Sand + Silt %             Clay % 

Neuhofen 6.8 2.6 10.1 89.9 
Hatzenbuhl 5.2 0.6 19.5 80.5 
 
Soil samples were treated with terbutryn to give an initial concentration of 10 ppm, and the 
humidity was adjusted to 40% of the field capacity. The samples were stored in the dark in 
Erlenmeyer flasks closed with cotton wool plugs, at a temperature of 22±2 °C. Water 
evaporation losses were compensated for twice a week. 
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After various time intervals samples were extracted and analysed for the active ingredient 
according to a residue method not described but referred to as “TRIAZINE HERBICIDES 
GC-determination of residues in soil REM 11/71 of June15, 1971”. A four-hour Soxhlet 
extraction with acetone was used. The extract was analysed with GC. 

Results 
Tab 27 Degradation of terbutryn in two German soils. Results expressed as % loss of applied dose 
 
Origin of the soil Day  

0 
 
8 

 
16 

 
31 

 
64 

16  
weeks 

32  
weeks 

Neuhofen 0 6 20 26 30 43 74 
Hatzenbühl 0 4 14 20 34 58 85 
 
The half lives were calculated to bee 18.8 weeks in Neuhofen and 13.4 in Hatzenbühl. 
 

Comments 
The study was not conducted according to any specific guidelines and was also poorly 
described. The purity of the compound is not known and the moisture content was rather low 
compared to EPA-standards. The identity of the metabolites are unknown. The information on 
the treatment and composition of the soil was inadequate. The detectable 14C-activities were 
116% and 112% of the amount applied, in Neuhofen and Hatzenbühl respectively. These are 
rather high values, according to EPA-standards. 
 
 

Study 4 (Ref. 40)  
The degradation of terbutryn in soil under aerobic, aerobic/anaerobic or sterile conditions was 
examined. The study was carried out by CIBA-GEIGY in Basle, Switzerland in 1980. 
 

Material and methods 
14C-ring labelled terbutryn was used. The soil was a loamy sand (Neuhofen, Germany) with 
properties according to table 28. 
 
Table 28 Soil characteristics of a loamy sand (Neuhofen, Germany) 
 

pH Organic 
carbon  

(%) 

Cation 
exch.capacity 
(meq /100g) 

Field 
capacity  

(g water *) 

Mechanical Analysis 
 

Sand %       Silt %          Clay % 
5.6 2.2% 8.4 36 84.8 6.4 8.8 

 
*) /100 g soil 

 
The experiments were carried out in an open gas-flow system consisting of a two-armed, soil-
holding glass flask, connected to a gas washing bottle containing water, for inlet air or 
nitrogen, and a series of bottles for 14CO2 and volatile trappings. Ethylene glycol, 0.1N 
sulphuric acid and 2N sodiumhydroxide was used for the trapping. 
 
The aerobic and aerobic/anaerobic incubations 
Terbutryn was added to the soil to a concentration of 10 ppm. The soil was moisturised to 
70% of field capacity with distilled water. Airflow rate was 60 ml/min. and the study was 
carried out in the dark at a temperature of 25°C. After 30 days of aerobic incubation anaerobic 
conditions were established in the aerobic/anaerobic experiment by flooding the soil with a 2-
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3 cm layer of water. Air was replaced with nitrogen and thereafter the system was ventilated 
with nitrogen at a flow rate of 60 ml/min. 4 times a day for 15 min.  
 
 
The sterile/aerobic incubation 
Before adding the terbutryn to a concentration of 10 ppm the soil was autoclaved in a closed 
glass bottle. The system was then treated the same way as the aerobic incubation but with the 
sterile conditions maintained. 
 
The absorption solution was monitored for radioactivity at two weeks intervals. Aerobic soil 
samples were analysed after 0, 2, 4, 8, 12, 24 and 52 weeks, whereas anaerobic soil samples 
and paddy water were analysed after 8 and 12 weeks and sterile aerobic soil samples after 0, 
4, 8 and 12 weeks. 
 
Sub samples of soil were then combusted for the determination of total radioactivity. Other 
subsamples were extracted five times with methanol/water at room temperature under strong 
agitation and thereafter extracted with methanol in a Soxhlet apparatus for 6 hours. The 
radioactivity of the soil bound residue was determined after combustion and the methanol-
Soxhlet extract was characterized with TLC, GLC, GLC-MS and direct MS. The combined 
methanol/water extracts from the first extraction were concentrated and partitioned with 
DCM. The aqueous phase and the DCM phase were characterized in the same way as the 
methanol-Soxhlet extract. 
 
The paddy water was partitioned with DCM. TLC and GLC were used for the characterisation 
of the aqueous and the DCM phases.  
 
Results 
The total recoveries ranged from 90.9% to 105.3% of the dose applied in all trials. Paddy 
water contained low amounts of radioactivity (ca. 2%), of which most activity was extractable 
with DCM. The concentration of nonextractable radioactivity increased with time in all 
experiments and amounted to 53.2% after 52 weeks of aerobic incubation and to 13.6% and 
5.1% of the applied dose under aerobic/ anaerobic and sterile conditions respectively after 12 
weeks . The amount of volatile radioactivity was very low and never reached values greater 
than 0.5% of the applied dose. The main metabolite found under aerobic conditions was GS-
23158 (30.4% after 52 weeks). Metabolite U1/2 reached 9% of applied dose after 4 weeks and 
decreased slowly thereafter . A structure is proposed for metabolite U1/2 
(Appendix I). 
 
The calculated T1/2 was 12 weeks under aerobic conditions. No significant degradation was 
observed over the 12 weeks period under anaerobic, aerobic or sterile/aerobic conditions. The 
low amount of 14CO2 indicate the relative stability of the triazine-ring in soil under the 
experimental conditions used. The sterile/aerobic study demonstrates the stability of terbutryn 
with respect to chemical hydrolysis in soil. 
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Table 29 Distribution of 14C-terbutryn and its metabolites in the extracted soil (values in % of the 
radioactivity applied).  For structures, see appendix II. 
 
 
Compound 

Aerobic conditions 
(weeks) 

 

Sterile conditions 
(weeks) 

Anaerobic 
conditions * 

(weeks) 
 0 2 4 8 12 24 52 0 4 8 12 8 12 
Terbutryn 101.6 80.9 78.8 62.4 50.3 41.3 14.7 87.6 96.3 85.1 86.6 75.7 71.8 
GS 23158 0.1 0.9 1.1 6.3 10.9 14.3 30.4 n.d. n.d. n.d. n.d. 4.6 5.1 
GS 26575 n.d. 4.1 3.1 2.4 2.2 n.d. n.d. 2.2 3.8 3.5 2.0 3.2 2.4 
GS 28620 0.7 0.6 0.3 0.4 0.6 0.7 n.d. 0.5 0.3 0.4 0.3 n.d. n.d. 
U1/2 n.d. 7.1 8.9 8.4 6.0 8.7 3.4 n.d. 1.2 n.d. n.d. 2.8 0.5 
Unknown 0.2 0.3 0.9 1.2 1.5 1.2 n.d. 0.4 0.6 0.4 0.5 1.0 0.9 
Non extr. 0.5 3.9 7.6 15.6 27.2 35.6 53.2 0.3 3.1 3.9 5.1 12.8 13.6 
Volatiles - <0.1 <0.1 <0.1 0.1 0.2 0.3 - <0.1 <0.1 <0.1 <0.1 <0.1 
Total 103.1 97.8 100.4 96.7 98.8 101.6 102.0 90.9 105.3 93.3 94.7 100.1 94.3 

 * - After 4 weeks of aerobic incubation 
 
Comments 
The study appears to have been well performed and the documentation is good. It was 
conducted mainly according to EPA-guidelines and has similarities to study 2 except that it 
was carried out under dark conditions. The soil temperature used is higher than the average 
temperature in Swedish soils, which implies that a slower degradation rate should be expected 
under Swedish conditions. 
 
 
 
 
 
3.2.4 Transformation in water/sediment-systems 

Study 1 (Ref. 41) 
Degradation of terbutryn in aquatic systems was studied by Research and Consulting 
Company AG, Itingen, Switzerland in 1985. 
 

Material and methods 
14C-ring labelled terbutryn was mixed in two aquatic model systems: System 1, Rhine river 
water + 1% silty soil, System 2, pond water + 1% hydrosoil (pond soil). The concentration of 
terbutryn amounted to 1 ppm. The mixtures were incubated in flasks at 25°C in the dark. The 
system was continuously stirred and ventilated with air at a flow rate of 60 ml/min. for 73 
days. 
 
Water samples were analysed for radioactivity by direct liquid scintillation counting and for 
number and amount of metabolites by TLC. The soil was extracted with methanol-water at 
the end of the study (at day 73). The radioactivity of the extracts was determined by LSC and 
the residual radioactivity in the soil after extraction was determined by combustion analysis. 
 
Results 
The observed half lives for terbutryn was 50 to 63 days in system 1 and about 14 days in 
system 2. Two main metabolites (W2 and W3) were found in the two systems. W2 was 
characterized as the noted GS 265756 and reached its highest level in system 1 (12%) after 35 
days. In system 2, W2 reached its maximum concentration (12.4%) after 11 days and at the 
end of the study the concentration had decreased to 4.1%. W3 was characterized as 2-
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hydroxy-4-ethylamino-6 tert.-buthylamino-S-triazine and it reached its maximum 
concentration at the end of the study, with 35.0% and 27.1% in system 1 and 2 respectively. 
 
No significant negative influence of terbutryn on the aquatic micro-organisms was observed. 
 
Table 30 Balance of radioactivity in two aquatic systems (river and pond water) 73 days after a 
treatment with 14C-terbutryn (values expressed as % of applied radioactivity). 
 

Water 
 

Aqueous 
phase 

Hydrosoil 14CO2 Volatiles Subsamples 
removed 

Total 

System 1 73.7 8.9 <0.1 0.5 9.9 93.0 
System 2 42.0 42.0 0.4 0.4 6.8 91.7 

 
 

Comments 
The study seems to have been well performed and documented, even though it does not seem 
to have been conducted in accordance with any specific guidelines. 
 

3.2.5 Field dissipation studies 

Field dissipation studies on terbutryn. Field experiments. The studies 1 - 5 were performed by 
RCC Umweltchemie Gmbh & Co. KG Rossdorf, Germany, on five different soils in 1988 . 
The methods used were the same in all the studies. 
 

Study 1-5 (Ref.s 42, 43, 44, 45 and 46) 

Material and methods 
Terbutryn was applied as a spray solution (1960 g terbutryn/ha) onto bare soil of five different 
test plots in Germany. 20 soil samples (0-30 cm sampling depth) were taken at each plot, each 
sampling date, using a soil probe. After mixing and sieving, the soil samples were extracted 
with methanol for 2 h and reextracted with chloroform. After a change of solvent to 
hexane/ethanol, the combined solution was analysed in a gas chromatograph. The limit of 
detection was 0.001 mg/kg. 



 32 

 
Table 31 Residue levels in mg terbutryn/kg soil and calculated DT50 and DT90 for five different 
german soils.  Terbutryn was applied as a spray solution onto bare soil (1960 g terbutryn/ha). Residues 
were then extracted from the first 30 cm of the soil at the test plot. 
 
Study 1 
Loamy sand, Würtenberg, in October 

Days 0 28 210 272 
mg/kg 1.032 0.394 0.009 0.003 

Results 
The DT-50 and DT-90 values were calculated (first order kinetics) to be 33 and 109 days respectively.  
 
Study 2 
Loamy sand, Oldenburg-Altratjensdorf, in October 

Days 0 30 189 282 378 
mg/kg 0.300 0.281 0.113 0.017 0.005 

Results 
The DT-50 and DT-90 values were determined to be 47 and 155 days respectively.  
 
Study 3 
Silty loam, Eschwege, Niedersachsen, in June 

Days 0 15 82 155 
mg/kg 0.726 0.275 0.028 0.015 

Results 
The DT-50 and DT-90 values were calculated (1.5th order kinetics) to be 9 and 46 days respectively.  
 
Study 4 
Silty loam, Freistedt-Lind, in October 

Days 0 31 214 336 
mg/kg 1.070 0.330 0.011 0.001 

Results 
The DT-50 and DT-90 were calculated (first order kinetics) to be 34 and 112 days respectively.  
 
Study 5 
Sandy loam (Goch-Nierswalde), in May 

Days 0 7 95 155 
mg/kg 0.909 0.440 0.009 <0.001 

Results 
The DT-50 and DT-90 values were calculated to be 16 and 54 days respectively.  
 

Comments on study 1-5 
The studies were conducted in accordance with BBA-guideline IV, 4-1 (Ref. 15). They 
seemed to have been well performed and documented, but metabolites were not screened for.  
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Study 6 (Ref. 47) 
Residues in soil, Sweden 1968-1972. 

Material and methods 
An experimental plot was treated in June of four consecutive years at a rate of 3 kg ai/ha. Soil 
samples (0-5 cm) were collected 331 days after the last treatment and analysed for residues. 
The limit of detection was 0.02 ppm. 

Results 
Table 32 Terbutryn residues in a Swedish soil 331 days after the last of four consecutive treatments at 
3 kg a.i./ha and year during 1968 - 1972. 
 

Compound Concentration 
ppm 

Terbutryn 0.38 
GS-11355 <0.02 
GS-26575 0.05 
GS-26831 0.29 
 

Comments 
The study was inadequately reported and can not be evaluated. However the results indicate 
the presence of terbutryn residues in the soil as long as 331 days after treatment. 
 

Study 7 (Ref. 48) 
The leaching and degradation of terbutryn and associated degradation products was 
investigated under typical field conditions in USA, in 1985. 
 

Comments 
The study was not conducted according to any specific guidelines and does not contain 
adequate description of the soils used, methodology or a mass balance. It will not be 
evaluated any further. 
 
Study 8 (Ref. 49) 
Terbutryn residues in soil from Sweden. The study was performed in Uppsala in 1971. 
 

Material and methods 
The type of soil was loam, no further description presented. The study involved two 
examinations of differently treated soils. Soil A treated in June with 3.0 kg a.i./ha with two 
proceeding treatments (1968 and 1969) and with cultivation, and soil B treated in June with 
1.5 kg a.i./ha and no other treatments and no cultivation. Samples were taken in spring the 
year after the last treatment and stored until extraction in October the same year. The 
concentration of terbutryn at different depths was obtained by use of GLC. 
 

Results 
Table 33 Terbutryn residues, in ppm, in soils after two proceeding treatments, with 3.0kg terbutryn/ha 
and cultivation (soil A), or 1.5 kg terbutryn/ha and no other treatments or cultivation (soil B). 
 
Soil depth, cm 0-5 5-15 15-25 
Soil A 1.7 0.06 <0.02 
Soil B 0.12 <0.2 <0.2 
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Comments 
The study was poorly described and was not conducted according to any specific guidelines. 
The reliability of the study is in doubt, since adequate presentation of information is lacking. 
 

3.3 Bioconcentration 
 
3.3.1 Bioconcentration in fish 

Study 1 (Ref. 50) 
The study was conducted by ABC, Columbia, in 1981. 
 

Material and methods 
Bluegill sunfish (Lepomis macrochirus) were exposed to 14C-ring labelled terbutryn in a 
dynamic 42- days flow-through system. Exposure time was 28 days and the terbutryn 
concentration 0.10 mg/l. Thereafter, the fish were maintained in flowing untreated water for 
14 days (depuration period). 
 
One 100 l glass aquarium containing 75 l of test solution (control or exposure) was utilised in 
this system. The temperature was held at 22±1°C. The mean weight of the fish was 4.5g. The 
fish were acclimatised for 14 days prior to testing. The uptake phase was initiated by 
transferring two groups each of 150 fish to the control and the test chamber. 
 
Water and fish were sampled and analysed for radioactivity eight times during the exposure 
period, and five times during the depuration phase. The temperature, pH, oxygen and 
ammonia content of the water were measured throughout study. 
 

Results 
The maximum BCF was 100 and 240 for edible and non-edible tissues respectively, and 160 
for the whole fish. A biological steady state was obtained on day 10 of the study. The 
depuration period showed 60 and 88% clearance rates for edible and non-edible tissues 
respectively on day 14. The average concentration of 14C-terbutryn in the water was 0.12 
(±0.013 S.D.) mg/l. 
 

Comments 
The study was largely performed according to OECD-guideline 305E. The study was well 
documented and seems to have been well performed, even though only one concentration of 
terbutryn was tested. The results indicate that terbutryn can be accumulated in bluegill 
sunfish. 
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4 Environmental Effects 
4.1 Effects on terrestrial organisms 

4.1.1 Micro-organisms in soil 

 
Study 1 (Ref. 51) 
Effects of terbutryn on the degradation of 14C-cellulose, 14C-protein and 14C-starch in soil was 
studied by the Pesticide Research Laboratory, Pennsylvania State University. 
 

Material and methods 
The study was conducted over a period of 28 days under laboratory conditions suitable for 
high biological activity, using two different types of soil (tab. 37) 
 
 
Table 34 Soil characteristics of importrance for the study of biological degradation in soil 
 
Classification of 
the soil 

Org. matter 
% 

pH Moisture 
capacity % 

Mechanical Analysis 
 

Sand %         Silt %         Clay % 
Loam 2.4 6.7 33.1 50.8 35.2 14.0 
Silty loam 2.6 6.4 37.6 20.8 59.2 20.0 
 
The overall activity of soil micro-organisms was studied by monitoring the amount of 14CO2 
that evolved from soils fortified with 14C-Cellulose, 14C-protein or 14C-starch and treated with 
0, 1, 10 and 100 ppm of terbutryn. The tests were performed in duplicate. Incubation bottles 
were connected by tubes to a gas washing bottle for outlet and inlet air. The inlet air was 
purified from CO2 and moistured with distilled water. Flow rate was 50 ml/min. at ambient 
room temperature, during the incubation.  
 
Combustion analyses were performed in triplicate in order to determine the initial 
radioactivity of each substrate. Activity after termination was determined in the same way. 
Samples of the water in the gas trapping bottles were taken and the radioactivity determined 
by LSC. 
 

Results 
No significant difference in biological degradation was observed between the different soils 
after treatment with terbutryn. 
 

Comments 
The study was poorly described and no comments were made on the results. The study was 
not conducted according to any guidelines. 
 
 

Study 2 (Ref. 52)  
Effects of 1, 10 and 100 ppm of terbutryn on soil nitrification was studied by The Pesticide 
Research Laboratory, Pennsylvania state University in 1982. 
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Material and methods 
Soil (table 38) and sea sand amended with ammonium sulphate and calcium carbonate were 
treated with 0, 1, 10, and 100 ppm terbutryn, and incubated in glass beakers covered with 
perforated aluminium foil at 28°C and 80% relative humidity. Moisture content was 
maintained at 60% of field capacity.  
 
Table 35 Soil characteristics of importrance for the study of biological degradation in soil 
 
Classification 
of the soil 

Organic 
matter % 

pH Moisture 
capacity % 

Mechanical Analysis 
 

   Sand %           Silt %            Clay % 
Loam 2.4 6.7 33.1 50.8 35.2 14.0 
Silt loam 2.6 6.4 37.6 20.8 59.2 20.0 
 
Soils were analysed for nitrate content in triplicate by the nitrate specific electrode method at 
day 0, 1, 3, 7, 14, 28, 42 and 56. 
 
Results 
There were minor inhibitions in the nitrification only in the first three weeks in the silt loam 
with the highest concentration of terbutryn (100 ppm) and this concentration also inhibited 
nitrification the first two weeks in the loam. 
 
Comments 
The study was poorly described and no comments were made on the results. It was not 
conducted according to any guidelines. The minor inhibition observed is of no ecological 
significance. 
 
 

Study 3 (Ref. 53) 
The effects of 1, 10 and 100 ppm terbutryn on soil respiration was studied by The Pesticide 
Research Lab, Pennsylvania state University, in 1982.  
 
Material and methods 
The same soils as in study 2 were mixed with 50% sea sand and fortified with 1% alfalfa 
meal. After treatment with 1, 10 and 100 ppm terbutryn in triplicate, the soils were incubated 
in Biometers at 25°C for up to 28 days . Moisture contents of soil was adjusted to 
approximately 60% of water holding capacity. 
 
Results  
The respiration rate in both soils, after treatment with 100 ppm, were slightly lower than in 
the controls (<20% at day 28).  The controls showed no change in respiration during the study 
period. 
 
Comments 
The results were inadequately described and no comments were made on the results. The 
study seems to have been well performed. The results indicate that terbutryn has a minor, or 
no effect on soil respiration in doses up to 100 ppm (10 times the recommended dose). 
 

Study 4 (Ref. 54) 
Effects of terbutryn on soil respiration and nitrification at the concentrations 3.73 and 37.3 
mg/kg of soil was studied by RCC Umwelt Chemie AG, Itingen, Switzerland, in 1990. It 
claims to have been conducted in accordance with BBA Richtlinien Teil VI, 1-1. The study 
seems to have been well performed and the result supports the findings in the previous studies 
(1-3), that terbutryn has no ecologically significant effect on soil respiration. In one of the 
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soils (silt loam/loam), nitrification was delayed at both concentrations but recovered after two 
and three months in the high and low concentration, respectively. 
 
 
4.1.2 Acute toxicity, honey bee 

Study 1 (Ref. 55) 
The study was performed by Atkins and Andersson, University of California in 1968. 
 
Material and methods 
Worker honey bees were exposed to terbutryn in the laboratory using a vacuum dusting 
technique. 
 
Results 
Terbutryn was found to be nontoxic at 97 µg/bee. 
 
Comments 
The methods of the study was not described at all and therefore, it cannot be evaluated. 
 

4.1.3 Avian acute toxicity 

Study 1 (Ref. 56)  
The acute oral LD50 in mallard duck was studied. The study was performed by Wildlife 
International Ltd., in 1977. 
 
Five groups with 14 days old mallard ducklings were intubated with terbutryn in 
concentrations between 215 and 4640 mg/kg. A negative control and a positive control 
(dieldrin) were intubated with pure corn oil or 14.7-68.2 mg dieldrin/kg respectively. The 
birds were observed for eight days. Body weight and food consumption were recorded during 
the study. 
 
Results  
No birds died in the experimental group. The LD50 of terbutryn was found to be >4640 mg/kg. 
Aside from a transient lethargy initially exhibited by the birds at the 1000-4640 mg/kg dose 
levels, there were no overt signs of toxicity. 
 
Comments 
The documentation is brief and the study does not follow any guidelines. The ducklings were 
much younger than recommended by EPA for this kind of study. The study indicates that 
terbutryn is practically non-toxic to those birds. 
 
 
4.1.4 Avian dietary toxicity 

Study 1 (Ref. 57) 
Acute and subacute toxicity feeding studies of terbutryn with young adult bobwhite quail was 
performed by Gulf South Research Institute, Louisiana, in 1972. The object of the acute 
toxicity section of the study was to select levels to be used in the subacute toxicity feeding 
studies.  
 
Material and methods 
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Acute toxicity 
Young adult bobwhite quail were divided into 6 groups each consisting of 60 males and 60 
females. Terbutryn was incorporated into the diets of 5 groups at levels of 1250, 2500, 5000 
10000 and 20000 ppm. The sixth group served as a control and received chemical free diets. 
Terbutryn was dissolved in acetone and added together with 3% corn oil to each diet. Diets 
for the control birds also contained acetone and 3% corn oil. The chemical feeding period 
lasted 7 days. 
 
Subacute toxicity 
Young adult bobwhite quail were divided into 5 groups consisting of 60 males and 60 females 
each. Terbutryn was incorporated into the diets of 4 groups at levels of 1, 5, 200 or 2000 ppm. 
The fifth group served as a control. The diets were prepared as in the acute toxicity study. 
After a 3-week period of acclimatisation, a 4-week chemical feeding period and a 4-week 
recovery period followed. Birds were housed in chick starter batteries. Birds weight and food 
consumption were checked weekly. Tissue samples were collected from each group for 
pathological examination.  
 
Results  
No birds died in the studies. The LC50 in the acute toxicity feeding study was found to be 
>20000 ppm. Physiological reactions consisting of hypoactivity, lethargy and wing drop were 
noted in both sexes at 10000 and 20000 ppm. Feed consumption for males was reduced by 
50% at dietary levels of 2500 ppm and 5000 ppm and by 85% at the highest concentration of 
terbutryn. 
 
In the subacute toxicity feeding study, the birds treated with the highest concentration lost 
weight during the first week and gained weight during the rest of the study. Feed consumption 
was not affected. All birds appeared normal throughout the chemical feeding period. Tissues 
at the end of the 4-week feeding period appeared normal. The LC50 was determined to be 
>20000 ppm. 
 
Comments 
The study does not follow any guidelines but seems to be of an acceptable quality. There was 
no information about the age of the birds in the study, which makes the results less reliable. 
 
 

Study 2 (Ref. 58) 
An 8-day dietary LC50 study on mallard ducks was performed by Truslows Farms 
Incorporated, Virginia, in 1974. 
 
Material and methods 
Ten ducklings (14 days old) were randomly assigned to each of 15 pens. 5 pens served as 
negative control, 5 as positive control (Dieldrin) and 5 contained the experimental groups. 
The concentrations tested ranged between 215 and 4640 ppm. The chemical feeding period 
lasted five days followed by a three- day observation period. 
 
Results 
Terbutryn caused a dose related reduction in net body weight gain. No bird died in the 
experimental group and none showed abnormal behaviour. LC50 was estimated to be >4640 
ppm. 
 
Comments 
The study was poorly described and was not conducted in accordance with any guidelines. 
The results support the findings in study 1 with bobwhite quail. 
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Study 3 (Ref. 59) 
A 10 day dietary LC50 study with bobwhite quail was performed by Bio-Life Associates Ltd. 
in 1987. 
 
Material and methods 
Terbutryn was administrated in the diet to groups (10 birds/group) of young bobwhite quail 
(14 days old) at concentrations of 312, 625, 1250, 2500 and 5000 ppm a.i. for five days, 
followed by a five day recovery phase. Body weight measurements were taken at the 
beginning and end of the study, and food consumption was measured separately for the 
treatment period and for the recovery period. All birds dying during the study were subjected 
to a complete gross pathological examination. 
 
The temperature and relative humidity were checked daily and found to be 94-105°F and 28-
38% respectively. Illumination in the room was provided by use of fluorescent lights which 
were left on for 24 h a day. 
 
Results 
At concentrations between 312-1250 ppm a.i., the birds appeared to be normal and active 
throughout the study. In groups fed with concentrations greater than 1250 ppm a.i., lethargy 
and anorexia were observed. Three mortalities occurred in the 5000 ppm a.i. test group during 
the study. The dietary 10- day LC50 was determined to be >5000 ppm. The body weight gains 
were lower in the test groups with the two highest concentrations. In those two groups food 
consumption was depressed. 
 
Comments 
The study was mainly conducted in accordance with OECD-guideline Number 208. It seems 
to be of an acceptable quality, although the temperature used was nearly 10°C above the 
recommended temperature, and the humidity was to low. The period of light exposure was 
also longer than recommended.  
 
 

4.2 Effects, aquatic organisms 
 
4.2.1 Algae, growth inhibition 

 

Study 1 (Ref. 60) 
Effects of terbutryn to the freshwater alga Selenastrum capricornutum was studied by EG&G 
Bionomics, Pensacola, Florida in 1982. 
 
Material and methods 
The algae were incubated at 24±1°C under 4.500 lux illumination for 7 days. The terbutryn 
concentrations ranged from 1.0 to 80.6 µg/l. Triplicate cultures were employed for each test 
concentration and for the control and the solvent control (acetone, 10 µg/l). Test containers 
were 125 ml flasks, each of which contained 50 ml of test medium. Cell concentration was 
2x104 cells/ml in the beginning of the test. The in vivo chlorophyll a in cultures were 
measured and dry weights were determined at days 4, 5, 6 and 7. 
 
 
Results 
The mean recovery of the substance was 94±8 %. Based on decrease of dry weight and 
measured concentrations of terbutryn, the calculated 7-days EC50 (with 95% confidence 
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interval limits) was 13.1(6.81-25.1) µg/l, EC10 was 5.61 (3.46-9.12) µg/l.  7-days NOEC can 
be estimated to 4.1 ppb based on chlorophyll a content, and 2.4 ppb based on dry weight. The 
results of the study indicates that terbutryn is highly toxic to Selenastrum capricornutum. 
 
 
 
Comments 
The study was poorly documented and important information was lacking. The interval 
between cell concentration determination was much longer than recommended.  
 

Study 2 (Ref. 61) 
Influence of terbutryn on reproduction and photosynthesis of Selenastrum capricornutum and 
Anacystis nidulans was studied by Richard L Pocock, Utah state university, in 1985. 
 
Material and methods 
Selenastrum and Anacystis were maintained for 24 days in various concentrations of terbutryn 
or hydroxy-terbutryn (2-tert-butylamino-4-ethylamino-6-hydroxy-S-triazine). Four replicates 
were prepared for each herbicide concentration. A control was prepared to establish a normal 
growth curve for the organisms. Nominal concentrations was 0.005, 0.01, 0.05, 0.1, 0.5, 1, 2 
and 5 ppb. The cultures were grown at 25±4°C with continuous illumination. Optical density 
was recorded for 24 days at 48h intervals. using a spectrophotometer, beginning the day of 
inoculation. 
 
To determine whether the effects of terbutryn were temporary (algistatic) or permanent 
(algicidal), subsamples of three of the incubation solutions were drawn at different intervals 
during the study. The subsamples were reinoculated into fresh growth medium. The cultures 
were examined for regrowth for a period of 28 days. A test of influence of terbutryn on 14CO2 
uptake and on the rate of ring labelled terbutryn uptake by the algae was also described in the 
study. 
 
Results 
For the Selenastrum there was no growth in cultures containing more than 0.01 ppb terbutryn. 
Anacystis proved to be more tolerant, the 0.01 ppb concentration of terbutryn gave 15% 
growth inhibition after 24 days. Terbutryn at a concentration of 0.05 ppb gave 75% inhibition. 
EC50 could be estimated to 0.01- 0.05 ppb (evaluators calculation). Hydroxy-terbutryn 
appeared to be metabolised by both algal species and no harmful effects were observed. 
Terbutryn was algicidal to Selenastrum at all time periods and incubation concentrations 
examined. Terbutryn was algicidal to Anacystis too, at all time periods and herbicide 
concentrations except 0.5 ppb for the first seven days of exposure, where there was only little 
regrowth. The NOEC for both algae could be estimated to <0.005 ppb and the EC50(6 days) 
for Anacystis and Selenastrum could be estimated to <0.05 and <0.005 ppb respectively. The 
study indicates that terbutryn is very toxic to Anacystis and Selenastrum. 
 
Comments 
The study was not conducted in accordance to any guidelines but seems to be of an acceptable 
quality, although important information is missing.  
 

Study 3 (Ref. 62) 
Effect of terbutryn to the marine alga Skeletonema costatum was studied by EG&G 
Bionomics, Pensacola, Florida in 1982. 
 
Material and methods 
The alga Skeletonema costatum was incubated in 125 ml flasks, with 50 ml test medium, at 
20°C and under 4500 lux illumination. The cell concentration at start was 2x104 cells/ml. 
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Three replicates were employed for each of the test concentrations, the control and the solvent 
control (333µl/l of acetone). Nominal concentrations ranged from 0.125-8.0 µg/l. 
 
Measurements of in vivo chlorophyll a in cultures were performed by using a Turner Model 
111 fluorometer at days 3, 4, 5, 7 and 9. Dry cell weights were measured using gravimetric 
methods, after termination (day 9) of the study. 
 
 
Results 
The measured concentration of terbutryn at day 0 ranged from 76-90% of nominal 
concentration. Based on decrease of dry cell weight and measured concentration of terbutryn, 
the estimated 9-day EC10 (with 95% confidence limits) was found to be 0.54 (0.29-1.0) ppb. 
The estimated 9-day EC50 (with 95% confidence limits) was 0.91 (0.39-2.08)ppb, and the 
estimated 9-day EC90 (with 95% confidence limits) was 1.52 (0.54-4.32) ppb. 
 
Comments 
The study was not conducted in accordance with any guidelines. It seems to be of an 
acceptable quality although important information was lacking. According to those results 
terbutryn is very toxic to Skeletonema. 

Study 4 (Ref. 63) 
The effect of terbutryn to the bluegreen freshwater alga Anabaena flos-aquae was studied by 
EG&G Bionomics, Pensacola, Florida, in 1982. 
 
Material and methods 
Initial number of cells in the test flasks (125 ml, containing 50 ml test medium each) was 
2x104 cells/ ml. Cultures were incubated at 24°C under 1500 lux illumination. Three 
replicates were employed for each of the test concentrations, the control and the solvent 
control (10µl/l of acetone). Exposure time was 7 days. Nominal concentration ranged from 
1.25-80 µg/l.  
 
Cell numbers were determined using a microscope and a hemocytometer. Dry cell weight 
were determined by gravimetric methods. 
 
Results 
The measured concentration of terbutryn at day 0 ranged from 72- 116% of the nominal 
concentrations. Based on the decrease of dry cell weight and measured concentrations of 
terbutryn, the calculated 7-day EC10 (with 95% confidence limits) was 0.42 (0.32-0.54) ppb, 
and the calculated EC50 (with 95% confidence limits) was 3.4 (2.4-4.8) ppb. 
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Comments 
The study was not conducted in accordance with any guidelines. It seems to be of an 
acceptable quality although important information was lacking. According to those results 
terbutryn is very toxic to Anabaena. 
 
 
 

Study 5 (Ref. 64) 
Growth inhibition test (EbC50(0-72h))of the substance GS 28620, a degradation product of 
terbutryn, to the green algae Scenedesmus subspicatus was studied by CIBA-GEIGY, Basle, 
in 1991. 
 
Material and methods 
The algae were incubated in 100 ml Erlenmeyer flasks, containing 50 ml test solution each, at 
23 ±1°C, and under continuous illumination. Duration of the exposure was 72h. The nominal 
test concentrations were 1.23, 3.7, 11 and 100 mg test substance/l. Each test concentration 
was tested in 3 replicates, the blank control in 6. Initial cell density was 10 500 cells/ml. Cell 
density was measured after 24, 48 and 72h exposure. pH was measured at 0h and after 72h of 
exposure. 
 
Results 
Based on nominal concentrations, the EbC50 (0-72h), with 95% confidence limits, was 
estimated to 30.7 (29.9-31.4) mg/l. NOEbC (0-72h) was estimated to 22 mg/l. The recovery 
of the substance at 72h ranged from 98% to 109%. 
 
Comments 
The study was conducted in accordance to “Official journal of the European Communities, L 
133. 30/ 05/1988”. It seems to be largely in accordance to OECD guideline 201. The study 
was well performed and indicates that the substance is moderately toxic to Scenedesmus. 
 
 
4.2.2 Daphnia, acute and chronic toxicity 

One acute toxicity study and one chronic toxicity study of terbutryn, were performed on 
Daphnia magna. A third study is about the acute toxicity to Daphnia of the substance GS 
28620, a degradation product of terbutryn. 
 
 

Study 1 (Ref. 65) 
Acute toxicity to Daphnia magna was studied by Union Carbide Environmental Services, 
NY, 1977. 
 
Material and methods 
Filtered and intensively aerated lake water having a pH of 7.55, a total hardness of 36 mg/l as 
CaCO3 and a total alkalinity of 14 mg/l as CaCO3, was used. Five concentrations of terbutryn 
(0.56-5.60 mg/ l), one solvent control (acetone) and one control were tested. Four replicates 
were run. The test were conducted in 250 ml glass beakers containing 200 ml of water. Five 
daphnias, less than 20h old, were introduced into each of the test beakers. 
 
The temperature was maintained at 17 ±1°C. Mortalities were recorded every 24h. The LC50 
determinations were based upon nominal concentrations of terbutryn. 
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Results 
The 48h LC50 with 95% confidence limits for terbutryn to Daphnia magna was found to be 
2.66 (2.16- 3.27) mg/l. The 48h NOEC was less than 0.56 mg/l. 
 
Comments 
The study was not conducted according to any guidelines. It was poorly described but seems 
to be of acceptable quality. The 48h LC50 in this study indicates that terbutryn has a medium 
high toxicity to Daphnia magna. 
 
 

Study 2 (Ref. 66) 
Acute toxicity test (48 h EC50) of GS 28620 (a degradation product of terbutryn), on Daphnia 
magna was performed by CIBA-GEIGY Ltd. Basle in 1991. 
 
Material and methods 
Young Daphnia magna (24h of age) were exposed to the substance in 100 ml glass beakers. 
Reconstituted water with a hardness of 240 mg/l as CaCO3 was used. The temperature was 
20±1°C and the photoperiod was 16h light and 8h darkness. Exposure period was 48h. The 
nominal concentrations were 10, 18, 32, 58 and 100 mg test substance/l. Four replicates of 
five daphnias each, were run at each concentration and at the control. Immobilisation were 
recorded after 24 and 48h exposure. 
 
Results 
No daphnia died during the test. Based on nominal concentrations the EC50 (48h) was >100 
mg/l. The measured and the nominal concentrations were the same. 
 
Comments 
The study was conducted according to the guideline “Official Journal of the European 
Communities L 251, Vol. 27 C-02, 19/09/1984”. It seems to be of acceptable quality and it 
states that GS 28620 has a low toxicity to Daphnia magna. 
 

Study 3 (Ref. 67) 
Chronic toxicity (21 days) of terbutryn to Daphnia magna was studied by EG&G, Bionomics, 
Massachusetts, in 1982. 
 
Material and methods 
To select nominal concentrations to conduct the chronic toxicity test, a 48h LC50 was 
estimated in a separate test. For the chronic toxicity study, well water fortified to a total 
hardness of 160±20 mg/l as CaCO3 and a pH of 7.9- 8.3 was used, in a flow through system 
(flow rate 4.4 aquaria volumes per day). The aquaria of 1.75 l capacity were covered with 
plastic wrap during the study. Five concentrations of terbutryn (mean measured 0.2-2.3 mg/l) 
were assessed in addition to a solvent control (dimetyl formamide) and a control. They were 
all conducted in quadruplicate. The photoperiod was of 16h light and 8h darkness and the 
temperature was 22±1°C. 
 
Twenty Daphnia magna (24h) were impartially assigned to each test aquarium. Adult survival 
was determined weekly and determinations of offspring production were made on every week 
day from day 7 through 21. The offspring were removed, counted and discarded. The 
organisms were fed daily and the aquaria were brushed every week day. The MATC (the 
minimum amount of toxin in water which elicited an adverse response by Daphnia magna, 
during chronic exposure) was estimated. 
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Results 
In the acute toxicity test the 48h LC50 (with 95% confidence limits) was found to be 7.7(6.6-
9.5) mg terbutryn/l. During the chronic exposure the terbutryn concentration averaged from 
48-74% of nominal. All daphnias exposed to a mean measured concentration of 2.3 mg 
terbutryn/l died during the initial 7 days of exposure. In all test solutions with less than 2.3 
mg/l of terbutryn, the survival was comparable to the survival of the controls, throughout the 
21 days of exposure. The MATC was estimated to be >1.3 <2.3 mg/l. The MATC can be 
estimated to 1.8 mg/l. 
 
Comments 
The study was conducted in accordance to EPA guideline “Daphnia Magna, Life cycle (21 
day renewal) Chronic Toxicity test”. It seems to have been well performed and well 
documented.  
 
 
4.2.3 Fish, acute toxicity  

Study 1 (Ref. 68) 
The acute toxicity of terbutryn to rainbow trout (Salmo gairdneri), crucian carp (Carassius 
carassius), channel cat fish (Ictalurus ameiurus), bluegill (Lepomis macrochirus) and guppy 
(Lebistes reticulatus) was tested. The study was performed by CIBA-GEIGY in 1972. 
Information about the length and weight of the fish, and the loading of the bioassay vessels 
are lacking. The terbutryn concentrations in the water during the study were not checked and 
the results were inadequately reported. The study will be excluded from the evaluation. 
 
 

Study 2 (Ref. 69) 
The acute toxicity of terbutryn to rainbow trout (Salmo gairdneri) and crucian carp 
(Carassius carassius) was studied by CIBA-GEIGY, Basle, in 1975. 
 
The acute toxicity of terbutryn to rainbow trout (average weight: 25g and average length: 130 
mm) and crucian carp (average weight: 25 g and average length 135 mm) was tested in glass 
tanks of 12 l capacity. Temperature was 14±2°C and the water was aerated during the study. 
Two fish were placed in each tank, resulting in a loading factor of 4.1 g/litre. 12 fish from 
each species were tested at each concentration (1, 2,1, 6, and 10 ppm ) of terbutryn and 12 
fish from each species served as control. The terbutryn was dissolved in acetone. A 
corresponding volume of acetone was added to the control vessels. The concentration of 
oxygen dissolved in the water and the pH was monitored throughout the 96 h testing period. 
 
Results 
The 96-h LC50 -value (with 95% confidence limits) for rainbow trout was 1.8 (1.5-2.2) ppm 
and for crucian carp 1.4 (1.1-1.8) ppm. The calculations were based on nominal 
concentrations. 
 
Comments 
The study was not conducted according to any guidelines. The loading was higher than 
recommended in OECD guidelines. The water was aerated and the concentration of terbutryn 
in the test water was not analysed. This study will be excluded from the evaluation. 
 
 



 45 

Study 3 and study 4 (Ref. 70 and 71) 
The acute toxicity of terbutryn to rainbow trout and bluegill (Salmo gairdneri) and (Lepomis 
macrochirus) under static conditions was studied by Aquatic Toxicology Laboratory of EG & 
G, Massachusetts, in 1982. 
 
The test was conducted in 19.6-l glass jars which contained 15 l of test solution. The terbutryn 
was diluted in dimethyl formamide (DMF). Two control jars with DMF were established. The 
temperature were 22±1°C (bluegill) and 12±1°C (rainbow trout). The photoperiod was 16 h 
light and 8 h darkness. Ten bluegill having a mean wet weight of 0.45 (0.28-0.75) g and a 
total length of 37 (33-45) mm were randomly distributed to each test jar. Ten rainbow trout, 
with a mean weight and total length of 0.65 (0.51-0.84) g and 43 (40-45) mm were distributed 
in the same way. The temperature, pH and dissolved oxygen concentrations were measured 
throughout the experiment. 
 
Results 
The mean recovery in the two studies was 80 ±8.1%. Based on 0-h measured concentrations, 
the 96-h LC50 (and 95% confidence interval) for rainbow trout exposed to terbutryn was 1.1 
(0.78-1.3) mg/l and for bluegill 1.3 (0.47-3.6) mg/l. The NOECs were <0.94 mg/l and <0.47 
mg/l respectively. 
 
Comments 
The studies were conducted according to EPA guidelines 1975 “Methods for acute toxicity 
tests with fish, macro invertebrates and amphibians”. They seem to have been well performed 
although poorly described. The studies indicate that terbutryn is moderately to highly toxic to 
the test species. 
 
 

Study 5 (Ref. 72) 
The acute toxicity of terbutryn to sheepshead minnow (Cyprinodon variegatus) was studied 
by Spingarn Life Sciences, Inc., Massachusetts,in 1987. 
 
Material and methods 
The mean wet weight of the test fish population was 0.25 g (range 0.02-0.81 g) and the mean 
total length was 25 mm (range 15-34 mm). The test was conducted in glass aquaria containing 
15 l of test solution. The nominal concentrations were 1.4, 2.3, 3.7, 6.2 and 10 mg a.i./l. A 
control and a solvent control were established. The temperature was maintained at 22±1°C. 
The photoperiod during the study was 16h light and 8h darkness. Ten fish were placed in each 
aquarium. 
 
Dissolved oxygen concentrations, pH, salinity and temperature were measured throughout the 
study. Dead fish were recorded and removed daily. 
 
Results 
The mean measured concentrations were 0.54, 1.4, 3.2, 4.5 and 5.5 mg/l. The calculated LC50 
at 96 h (and 95% confidence interval) was 1.5 (1.1-2.0) mg/l and NOEC was found to be 
<0.54 mg/ml. Based on the presence of a precipitate at test initiation and the results of the 
analysis of the exposure solutions, it appears that the water solubility limit of terbutryn was 
6.0 mg/l under the test conditions.  
 
Comments 
The study seems to have been well performed although there was a problem with the 
solubility of the substance. The concentration of terbutryn in the test solution was to high to 
give a NOEC-value. 
 
 



 46 

Study 6 (Ref. 73) 
Acute toxicity of terbutryn to rainbow trout (Salmo gairdnerii), crucian carp (Carassius 
carassius), channel catfish (Ictalurus ameiurus), bluegill (Lepomis macrochirus) and guppy 
(Lebistes reticulatus) was studied by CIBA-GEIGY in 1972. 
 
Material and methods 
The fish were tested in glass vessels of 12 l capacity at 14±2°C (trout, carp, bluegill) and at 
21±2°C (catfish, guppy). The pH-values and concentration of dissolved oxygen were 
measured daily. 
 
Results 
A 96-h LC50 value (with confidence limits) was only calculable for rainbow trout (3.6 (2.5-
5.05) ppm). The NOEC was found to be 1.0 ppm. 
 
Comments 
The study seems to be of an acceptable quality although it is poorly described. The LC50-
values for carp, bluegill and guppy were not calculated with appropriate confidence limits and 
will be excluded from the evaluation. 
 
 

Study 7 (Ref. 74) 
A 96-h toxicity test of GS-28620 (Appendix I) to rainbow trout (Salmo gairdneri). The study 
was performed by CIBA-GEIGY, Basle, in 1991. 
 
Material and methods 
The fish were treated with “Malachite green” before the study. Ten fish were used per 
concentration and control. The temperature was 14°C. Gentle aeration was used during 
exposure. Nominal exposure concentrations ranged from 10 to 100 mg test substance/l. The 
concentration of the substance in the test water was measured before and after the 96-h 
exposure. Mortalities, oxygen content, pH and temperature were monitored daily. 
 
Results 
No fish died. The 96-h-LC50 was found to be >100 mg/l and NOEC (96h) was 32 mg/l. 
 
Comments 
The study seems to have been well performed and was conducted according to the guideline 
“Official Journal of the European Communities L251, vol. 27, C-01, 19/09/1984”. The 
substance is a degradation product of terbutryn. The treatment with Malachite green was was 
not further explained in th study, but the substance is commonly used to prevent fungal 
infections in fish.   
 
 

Study 8 and 9 (Refs. 75 and 76) 
The acute intraperitoneal 7-day LD50 in rainbow trout (Salmo gairdnerii) and crucian carp 
(Carassius carassius) was determined by CIBA-GEIGY, Basle, in 1975. 
 
Material and methods 
The fish were tested in glass tanks (12 l) at 14±2°C. The terbutryn was suspended with 
carboxymethyl cellulose (2%), and the dose used ranged from 100 mg/kg to 2150 mg/kg for 
trout and from 30 mg/kg to 718 mg/kg for carp. Ten fish per dose were tested. . 
Results  
The acute intraperitoneal LD50 (with 95% confidence limits) of terbutryn in rainbow trout and 
in crucian carp, observed over a period of 7 days, was 735 (486-1112) mg/kg and 1927 (1349-
2751)mg/kg, respectively. 
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Comments 
The studies were poorly described and are not relevant for the ecotoxicological evaluation. 
They will be excluded from the evaluation. 
 
 
4.2.4 Fish, subacute toxicity 

Study 1 (Ref. 77) 
A 21-day prolonged toxicity study in rainbow trout (Salmo gairdnerii) under flow through 
conditions was performed by RCC Umweltchemie AG, Itingen, Switzerland in 1990. 
 
Material and methods 
Ten fish (weight 0.6g, length 39mm) per test level were exposed to each of the nominal 
concentrations (ranging from 0.002 to 2.4 mg/l) of terbutryn, in a 250 l tank with continuous 
flow of filtered tap water. The temperature was 14.5-16°C and the photo period was 12 h of 
artificial fluorescent light and 12 h darkness per day. A detergent (Tween 80) was suspended 
in the stock solution. A Tween 80 control and a tap water control were also established. The 
fish were fed throughout the exposure period of 21 days, and the water was aerated 
continuously. 
 
The pH values, dissolved oxygen content and water temperature were measured three times a 
week. The concentration of terbutryn in the test medium was analysed on day 0, 12 and 21.  
 
Results 
LC50 (with 95% confidence limits) for 21 days of exposure was 0.44 (0.225-0.7064) mg/l. The 
LC20 and LC80 were estimated to be 0.24 and 0.83 mg/l respectively. The NOEC and LOEC 
were found to be 0.009 and 0.038 mg/l respectively. 
 
Comments 
The study was well performed and well documented. It was conducted in accordance with 
OECD guideline 204. Terbutryn was found to be highly toxic to the rainbow trout in this 
study. 
 
 

Study 2 (Ref. 78) 
The toxicity of terbutryn to fathead minnow (Pimephales promelas) embryos and larvae was 
studied by Springborn Life Sciences, Inc., Massachusetts, in 1987. 
 
Material and methods 
Five test concentrations of terbutryn (nominal values 0.25, 0.5, 1.0, 2.0 and 4.0 mg/l) plus 
control and solvent control (99 µl/l of acetone) in duplicate were used. The volume of each 
aquarium was 11 l. A diluter delivered solution to each aquarium with a 90% replacement 
time of 6-7h. The photoperiod during the study was 16 h light and 8 h darkness, and the 
temperature was 25±1°C. 
 
60 embryos were distributed to each aquarium. Dead embryos were counted daily until 
hatching was complete. To initiate the 30-day post-hatch larval exposure, 40 live larvae were 
selected from the surviving larvae in each incubation on test day 4, and placed into their 
respective exposure aquaria. 
 
Observations were made on the survival of the organisms during hatching, and the survival 
and growth of larvae after 30 days post-hatch exposure. Dissolved oxygen concentration, pH 
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and temperature were measured every second day and the terbutryn concentration was 
measured weekly throughout the test-period. 
 
Results 
The actual measured exposure concentration range for terbutryn in the study was defined as 
0.21 to 3.4 mg/l of water. Embryo hatchability was 70% in the 3.4 mg/l treatment and 93% in 
the control. Larval survival was 51% after 30 days post-hatch exposure to 3.4 mg/l, which 
was significantly less than the survival of the control larvae (91%). Larva length and weight, 
among organisms exposed to 1.6 mg/l, were reduced by 17% and 30% as compared to the 
length and weight of the control larvae. 
 
Based on significant adverse effects on larval growth measured at the termination of the test, 
the MATC of terbutryn was estimated to be 1.2 mg/l. 
 
Comments 
The study was well documented and seems to have been well performed in accordance to 
OECD guideline number 210. 
 
 

5 Hazard assessment 

Exposure 
Terbutryn is the active ingredient in the products Topogard 500 FW and Igran 500 FW (Ciba- 
Geigy). It is a systemic acting herbicide used as weed control in autumn sown corn and in 
potatoes, peas and beans. The chemical/physical properties of terbutryn were briefly 
described in a summary and not evaluated. According to this information terbutryn has a low 
vapour pressure and a low value of Henry’s constant, which predicts a low potential for 
volatilisation. The water solubility is moderate which indicates a potential of leaching. 
 
The adsorption constants indicates, according to the Torstensson classification system (Ref. 
18), a low to medium mobility. The results from column studies with fresh and aged 
terbutryn, indicates that in most soils only small amounts of applied dose will leach, and after 
ageing of the soil, there will only be small amounts of metabolites and sometimes traces of 
terbutryn in the eluate. In sandy soils however, as much as 9.7% and 13.5% of applied dose 
was found to leach, when fresh and aged terbutryn were tested in column studies. The major 
part of the applied dose were retained in the top 5-10 cm of the columns. 
 
Terbutryn is slowly transformed in soil. The degradation studies showed that only four of the 
detected 14 degradation products (GS 26 575, GS 23 158, GS 28 620 and U1/2 (Appendix II)), 
accounted for more than 10% of applied dose. Those were with one exception (GS 28 620) 
not further examined. In some studies large amounts of the radioactivity was not extractable, 
but remained as bound residue (in one study as much as 47 and 56%). DT50 was found to be 
15 - 132 days. The clays and the loamy sand tested had DT50 >80 days. The mineralisation of 
terbutryn to CO2 was low in all studies quantifying 14CO2, which indicate the relative stability 
of the triazine-ring in the soil. All the soil degradation studies were performed at high 
temperatures (22-25°C). Considering that the degradation rate is halved when temperatures 
falls by 10°C, the degradation rate in Swedish soils can be expected to be considerably lower 
than shown in those studies. Field dissipation studies, performed in Germany, showed on the 
other hand DT50-values of 9 days (silty loam) to 47 days (loamy sand). 
 
The documentation of the photolytical transformation of terbutryn indicates that terbutryn is 
transformed under artificial sun light but not under natural sunlight. No hydrolysis of the 
compound could be seen at pH 5, 7 or 9 (25°C). 
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The log octanol/water partition coefficient was 3.48, indicating a potential for bioconcentra-
tion. The BCF in a rainbow trout-study was 160, which clearly shows a tendency of terbutryn 
to bioaccumulate. 
 

Effects 
Terbutryn was found not to influence micro-organisms in soil and had low toxicity to birds. 
The documentation on toxicity to honey bee was inadequate, and there was no documentation 
at all on toxicity to earthworms or soil arthropods. In the aquatic system terbutryn was very 
toxic to algae and moderately toxic to daphnia in the acute toxicity study. In the reproduction 
study (Daphnia) toxicity was moderately. Terbutryn was also found to be toxic to fish in the 
21-day prolonged toxicity study on rainbow trout. The examined metabolite (GS 28620) was 
not toxic to Daphnia or fish but moderately toxic to algae. 
 
The environmental effects of the degradation products is not sufficiently investigated in the 
documentation. 
 

Summary and discussion 
Terbutryn may reach natural water either by spray drift at time for application or through sur-
face runoff following heavy rainfall. The contribution of terbutryn and its metabolites by 
leaching might become considerable in sandy soils. 
 
An initial, worst case, aquatic risk assessment (level 1) according to EPA standard evaluation 
procedure for ecological risk assessment can be performed. This calculation is based on the 
assumption that a hectare dose is directly applied to 1 hectare water with a depth of 1 m. The 
following result is given: Predicted Environmental Concentration (PEC)= 0.4µg/ml; lowest 
EC50 = EC50 for the alga Skeletonema costatum = 0.91µg/ml; PEC divided by EC50 = 0.44 
which clearly indicates a risk.  
 
According to a study performed in France (Ref. 19), atmospheric transport and fallout, 
probably play an important role in the dispersion of terbutryn and other triazines. During 
March - June the rainwater in Paris contained 25 - 34 ng terbutryn/l. This indicates that 
terbutryn will volatilize in spite of the low vapour pressure and the low Henry’s law constant.  
 
To summarise, from the information available the following is indicated: The substance is 
slowly transformed in soil and photolytically and hydrolytically stable. Some of he 
metabolites can leach and one of the main metabolites is moderately toxic to algae. Terbutryn 
can leach in sandy soils. The acute toxicity to aquatic organisms is high but the leaching 
potential for the substance is estimated not to be very high and the hazard for aquatic 
organisms is therefore considered to be low. The degradation rate in soil sometimes is very 
slow. Acute toxicity to terrestrial organisms is not sufficiently examined to perform the 
hazard evaluation. To enable a more complete evaluation better effect studies on honey bee 
and soil arthropods or earth worm would be needed, and also more studies on the effect of the 
degradation products. 
 
 
 
 
 
 
 
















