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SI-1: List of case study pesticides and their transformation schemes (Table S1) 

Table S1: List of 16 case study pesticides, including their CAS number and substance 

class (a herbicide, b fungicide, c insecticide). 

Substance CAS number Substance class 

2,4-D a 94-75-7 phenoxyacetic acid 

alachlor a 15972-60-8 chloroacetanilide 

amidosulfuron a 120923-37-7 sulfonylurea  

atrazine a 1912-24-9 triazine 

bromoxynil-oct a 1689-99-2 aromatic nitrile 

chlorpyrifos c 2921-88-2 organothiophosphate 

dicamba a 1918-00-9 benzoic acid 

diuron a 330-54-1 phenylurea 

fluoroglycofen-et a 77501-90-7 nitrophenyl ether 

glyphosate a 1071-83-6 organophosphate 

kresoxim-me b 143390-89-0 strobilurin 

mecoprop-P a 16484-77-8 phenoxyacetic acid 

mesotrione a 104206-82-8 triketone 

orbencarb a 34622-58-7 thiocarbamate 

sulcotrione a 99105-77-8 triketone 

TCPN (chlorothalonil) b 1897-45-6 aromatic nitrile 
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SI-2: Rules for deriving Koc and compartmental half-lives from EPI Suite output; 
list of half-life and Koc values used (Tables S2 and S3) 
 
Derivation of half-lives 
The compartmental half-lives were collected from handbooks, registration information 
from the EU, US EPA and the UK, and from primary scientific literature. If several 
experimental data were found for one substance, the geometric mean was taken as input 
value. The rate constants from the different degradation processes, i.e., photolysis, 
hydrolysis and biodegradation, were summed up to obtain an overall dissipation rate. For 
the calculation of aqueous photolysis rate constants, light attenuation over the depth of 
the water bodies was accounted for. Photolysis in soil was not considered. 
If there were no experimental data available, the half-lives were estimated using the US 
EPA EPI (Estimation Programs Interface) SuiteTM (Version 3.12). In the EPI SuiteTM 

programme it is suggested that, in order to derive compartmental half-lives, results from 
the BIOWIN Primary Survey Model be translated into water half-life categories and that 
soil and sediment half-lives are derived from these water half-lives by using multipli-
cation factors of 2 and 9, respectively. Evidence from pesticide fate research, however, 
shows that for most compounds the water and soil half-lives are similar or that the water 
half-life is even higher. Since the basis for a more scientifically sound factor is lacking, 
we kept the factor of 2 to derive unknown soil half-lives from EPI Suite output but also 
multiplied estimated water half-lives with a factor of 2 to account for the observed higher 
recalcitrance in water and the fact that only parts of the water column will be biologically 
and photolytically active. Half-lives for the dissolved fraction in sediments were set equal 
to water half-lives, thus accounting for the aerobic and mixed nature of the surface 
sediment layer.  

Table S2: Soil, water and air half-life values as used in the calculations. For empirical 
values the number of experimental data points and the original references are given. In 
some cases, half-lives of TPs are derived from compartmental degradation studies as 
described in SI-3. These cases are indicated as “ff calculations”. Where no experimental 
data was available half-lives were derived from the BIOWIN program as described 
above. All values for half-lives in air are derived from the AOPWIN program assuming 
an OH radical concentration in air of 5x105 molecules/cm3

. 
 t1/2, soil 

(d) 
n ref t1/2, water 

(d) 
n ref t1/2, air 

(d) 
2,4-D 5.53 12 (1-3)  47.8 3 (1-3)  5.39 
2,4-DCP 6.64 3 (1-3) (ff calculations) 17.3  BIOWIN 30.3 
2,4-DCA 12.2 2 (1-3) (ff calculations) 75  BIOWIN 12.1 
alachlor 9.09 6 (2-5) 104 4 (2,6) 0.17 
alachlor OXA 47.9 2 (2,5) (ff calculations) 649 2 (6) (ff calculations) 0.68 
oxamic acid 40.0 3 (5) 17.3  BIOWIN 0.49 
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alachlor ESA 322 5 (4,5) (ff calculations) 649 2 (6) (ff calculations) 0.7 
alachlor sulfinyl acetic acid 214 2 (5) (ff calculations) 17.3  BIOWIN 0.14 
amidosulfuron 19. 6 8 (2) 118 2 (2) 2.94 
hydroxy-A 17.5 3 (7) 17.3  BIOWIN 0.16 
ADHP 31.0  BIOWIN 17.3  BIOWIN 0.16 
dihydroxy-A 17.3  BIOWIN 17.3  BIOWIN 0.16 
ADMP 17.3  BIOWIN 17.3  BIOWIN 0.16 
atrazine 33.9 469 (8) 230  (9) 0.19 
DEA 33.3 10 (8) 300  (10) 0.43 
DIA 32.2 6 (8) 300  (10) 0.89 
HA 88.3 10 (8) 300  (10) 0.29 
bromoxynil-oct 2.74 2 (5) 0.94 3 (1,5) 4.34 
bromoxynil 13.9 8 (11) 9.45 2 (1) 153 
3-Br-4-OH-benzonitrile 17.3  BIOWIN 17.3  BIOWIN 17.6 
4-OH-benzonitrile 17.3  BIOWIN 17.3  BIOWIN 5.33 
3-Br-4,5-OH-benzonitrile 17.3  BIOWIN 17.3  BIOWIN 14.8 
B-benzamide 17.3  BIOWIN 17.3  BIOWIN 13.6 
B-benzoic acid 30  BIOWIN 30  BIOWIN 39.9 
chlorpyrifos-me 11.2 2 (3,12) 13.2 9 (12) 0.55 
3,5,6-trichloro-2-pyridonol 45.4 1 (7) 30  BIOWIN 182 
dicamba 12.3 3 (3,13,14) 60  BIOWIN 10.7 
3,6-di-Cl-salicylic acid 71.3 2 (7) (ff calculations) 17.3  BIOWIN 10.1 
6-Cl-salicylic acid 17.3  BIOWIN 17.3  BIOWIN 3.44 
2,5-OH-di-Cl-salicylic acid 17.3  BIOWIN 17.3  BIOWIN 15.4 
diuron 50.3 14 (5,15-23) 45.1 3 (5) 2.94 
DCPMU 48.0 3 (15,22) (ff calculations) 30  BIOWIN 3.11 

MCPDMU 
34.5 2 (17,18) 17.3  BIOWIN 1 

DCPU 30 1 (22) 17.3  BIOWIN 3.29 
DCA 1.87 2 (17,24) 17.3  BIOWIN 1.45 
fluoroglycofen-et 10.7 2 (2) 1.71 3 (2) 13.1 
fluoroglycofen 1 1 (2) 3.93 2 (1,2) 16.3 
acifluorfen 55.4 3 (13,14) 36.8 2 (14), BIOWIN 37.1 
amino-acifluorfen 30  BIOWIN 30  BIOWIN 1.00 
acetamido-acifluorfen 30  BIOWIN 30  BIOWIN 7.13 
amino-fluoroglycofen 17.3  BIOWIN 17.3  BIOWIN 1.10 
glyphosate 11.7 13 (1,3,5,13,14,25-29) 11.4 5 (1) 0.41 
AMPA 111 3 (1,5,28) 19.8 1 (30) 1.07 
glyoxylic acid 2.5  BIOWIN 2.5  BIOWIN 2.44 
N-methylglycine 4.66  BIOWIN 4.66  BIOWIN 0.45 
glycine 4.66  BIOWIN 4.66  BIOWIN 1.15 
kresoxim-me 2.19 4 (1,3) 2.26 2 (1,2) 0.84 
kresoxim-me-acetic acid 27.2 3 (1,3) 359 2 (2,3) 0.83 
kresoxim-me-benzoic acid 4.66  BIOWIN 4.66  BIOWIN 1.56 
mecoprop-P 10.6 10 (1-3) 59.5 2 (1,31) 1.84 
4-chloro-2-methylphenol 16.3 3 (1,2,7) (ff calculations)  17.3  BIOWIN 2.63 
mesotrione 12.7 14 (32) 30  BIOWIN 4.41 
MNBA 17.3  BIOWIN 17.3  BIOWIN 20.1 
CHD 17.3  BIOWIN 17.3  BIOWIN 5.45 
AMBA 17.3  BIOWIN 17.3  BIOWIN 3.18 
orbencarb 21.1 3 (33) 17.3  BIOWIN 1.26 
monodeethyl orbencarb 17.3  BIOWIN 17.3  BIOWIN 1.5 
orbencarb sulfoxide 17.3  BIOWIN 17.3  BIOWIN 1.1 
orbencarb methyl sulfoxide 17.3  BIOWIN 17.3  BIOWIN 0.46 
orbencarb methyl sulfone 17.3  BIOWIN 17.3  BIOWIN 3.2 
orbencarb sulfonic acid 17.3  BIOWIN 17.3  BIOWIN 11.7 
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sulcotrione 11.5 6 (14,28,34-37) 30  BIOWIN 4.27 
CMBA 56.5 3 (28) 17.3  BIOWIN 19.1 
CHD 17.3  BIOWIN 17.3  BIOWIN 5.45 
TCPN 12.4 15 (2,3,38-47) 1.1 3 (2,5,14) 5190 

4-OH-2,5,6-
trichloroisothalonitrile 

34.1 5 (40,41,45,48) (ff 
calculations),  
(14) 

30  BIOWIN 111 

3-CN-2,4,5,6-
tetrachlorobenzamide 

30  BIOWIN 30  BIOWIN 15.8 

5-CN-4,6,7-tri-Cl-2H-1,2-
benzisothiazol-3-one 

30  BIOWIN 30  BIOWIN 5.54 

5-CN-4,6,7-tri-Cl-2H-1,2-
benzisothiazol-3-one 
sulfoxide 

30  BIOWIN 30  BIOWIN 5.82 

 
 
Derivation of organic carbon-water partition coefficients 
Whenever possible, experimental organic carbon-water partition coefficients (Koc) were 
used as given in the first column of Table S3. In all other cases, several rules were 
applied to achieve internal consistency between measured and estimated Koc values 
within a substance family and to best possibly benefit from measured values (for an 
overview on final Koc values used and methods to derived them see Table S3): For non-
ionic substances, unknown Koc values of the TPs were calculated starting from the 
experimental Koc value of the parent pesticide. PCKOCWIN was then used to derive the 
incremental difference in log Koc between the parent pesticide and the TP under conside–
ration, which was then added to the experimental value of the parent to yield the log Koc 
of the TP. For anionic TPs of neutral parent pesticides, plausible correction factors were 
applied to the PCKOCWIN estimates to account for the enhanced partitioning of 
negatively charged species into water, i.e., factors of 0.5 for substance with pKa close to 
7, and of 0.1 for substances with pKa < 6. For anionic TPs of anionic parent pesticides 
that were structurally very similar to the parent, the Koc value of the parent was conside–
red the best estimate. 

Table S3: Koc values used in the calculations. Where no empirical Koc values were 
available, different extrapolation rules were applied to ensure internal consistency within 
substance families. Extrapolation methods used (for details see main text): a PCKOCWIN 
neutral: PCKOCWIN prediction used without further modification; b Analogy anionic: 
For structurally very similar anionic TPs of anionic parent pesticides the Koc value of the 
parent was used; c PCKOCWIN anionic: Correction factor applied to the PCKOCWIN 
estimates to account for the higher partitioning of negatively charged species into water 
(factors of 0.5 for substance with pKa close to 7, and of 0.1 for substances with pKa < 6); d 
PCKOCWIN increment: Koc values of the TPs calculated starting from the experimental 
Koc value of the parent pesticide. PCKOCWIN used to derive the incremental difference 
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in log Koc between the parent pesticide and the TP. Difference added to the experimental 
value of the parent to yield the log Koc of the TP; e Analogy glyphosate: Zwitterionic 
compounds. PCKOCWIN predictions adjusted to account for enhanced sorption in 
analogy to glyphosate and AMPA. 

Compound 
Koc, 

experimental PCKOCWIN 
Koc, 

extrapolated 

pKa 
(estimated or 
experimental) Extrapolation method 

2,4-D 38 29  2.73   
2,4-DCP 293 718  7.89   
2,4-DCA  315  xx PCKOCWIN neutral a 
alachlor 177 185  xx   
alachlor OXA 4.5 10  2.75   
oxamic acid  10 4.5 2.98 analogy anionic b 
alachlor ESA 52 10  0.25   
alachlor sulfinyl acetic acid  10 4.5 2.59 analogy anionic b 
amidosulfuron 17 10  3.58   
hydroxy-A 40 10  1.76   
ADHP  13 1.3 3.10 PCKOCWIN anionic c 
dihydroxy-A  10 40 1.04 analogy anionic b 
ADMP 410 10  xx   
atrazine 129 230  xx   
DEA 56 86  xx   
DIA 61 56  xx   
HA 793 230  5.15   
bromoxynil-oct 639 4850  xx   
bromoxynil 161 435  3.86   
3-Br-4-OH-benzonitrile  263 26 5.86 PCKOCWIN anionic c 
4-OH-benzonitrile  159 80 7.43 PCKOCWIN anionic c 
3-Br-4,5-OH-benzonitrile  435 44 5.16 / 7.08 PCKOCWIN anionic c 
B-benzamide  228 23 5.32 PCKOCWIN anionic c 
B-benzoic acid  64 6.4 4.72 / 3.34 PCKOCWIN anionic c 
chlorpyrifos-me 3610 2010  xx   
3,5,6-trichloro-2-pyridonol 102 237  3.69   
dicamba 2.0 29  1.97   
3,6-di-Cl-salicylic acid 504 66 6.5 1.75 / 5.36 PCKOCWIN anionic c 
6-Cl-salicylic acid  40 4.0 2.05 / 7.06 PCKOCWIN anionic c 
2,5-OH-di-Cl-salicylic acid  108 11 1.7 / 5.55 PCKOCWIN anionic c 
diuron 541 136  xx   
DCPMU 651 115  xx   
MCPDMU  327 327 xx PCKOCWIN increment d 
DCPU  449 449 xx PCKOCWIN increment d 
DCA 270 120  xx   
fluoroglycofen-et 262 15400  xx   
fluoroglycofen  1560 113 3.27 analogy anionic b 
acifluorfen 113 3130  2.50   
amino-acifluorfen  733 113 3.80 analogy anionic b 
acetamido-acifluorfen  624 113 xx analogy anionic b 
amino-fluoroglycofen  366 113 2.78 analogy anionic b 
glyphosate 15900 19  2.3 / 5.6 / 10.9   
AMPA 5210 1.9  1.9 / 5.4 / 10   
glyoxylic acid  1.0 0.1 3.30 PCKOCWIN anionic c 
N-methylglycine  1.3 313 2.35 analogy glyphosate e 
glycine  1.0 250 2.37 analogy glyphosate e 
kresoxim-me 302 40700  xx   
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kresoxim-me-acetic acid 20 7610  3.49   
kresoxim-me-benzoic acid  23100 20 3.44 / 3.6 analogy anionic b 
mecoprop-P 25 49  3.78   
4-chloro-2-methylphenol 175 718  9.71   
mesotrione 52 142  3.10   
MNBA  12 1.2 1.76 PCKOCWIN anionic c 
CHD  1.4 0.1 5.30 PCKOCWIN anionic c 
AMBA  10 1.0 3.72 PCKOCWIN anionic c 
orbencarb 440 2730  xx   
monodeethyl orbencarb  1140 183 xx PCKOCWIN increment d 
orbencarb sulfoxide  6020 970 xx PCKOCWIN increment d 
orbencarb methyl sulfoxide  307 50 xx PCKOCWIN increment d 
orbencarb methyl sulfone  353 57 xx PCKOCWIN increment d 
orbencarb sulfonic acid  35 3.5 0.27 PCKOCWIN anionic c 
sulcotrione 55 199  3.13   
CMBA  17 1.7 4.60 PCKOCWIN anionic c 
CHD  1.4 0.1 5.30 PCKOCWIN anionic c 
TCPN 3130 2390  xx   
4-OH-2,5,6-
trichloroisothalonitrile 371 2390  1.00   
3-CN-2,4,5,6-
tetrachlorobenzamide  238 312 xx PCKOCWIN increment d 
5-CN-4,6,7-tri-Cl-2H-1,2-
benzisothiazol-3-one  290 380 xx PCKOCWIN increment d 
5-CN-4,6,7-tri-Cl-2H-1,2-
benzisothiazol-3-one 
sulfoxide  60 79 xx PCKOCWIN increment d 
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SI-3: Method for calculation of fractions of formation and half-lives from 
degradation studies 
 
Empirical fractions of TP formation in soil and water (ffs and ffw) were calculated from 
information from compartmental degradation studies where available. If first order 
kinetics are assumed, it can be shown that the time elapsed between the start of a 
degradation study and the time when the maximal concentration of transformation 
product y is reached (t y

max) is a function of the degradation rate constants of precursor x 
(kx) and transformation product y (ky) (see eq 1). The maximal amount of a transformation 
product y formed (

! 

c
max

y ) in that degradation study is further a function of the fraction of 
formation (ff xy) of transformation product y out of precursor x (see eq 2). 
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Results of degradation studies in which transformation products are specifically identified 
are usually given in terms of maximal percentage of transformation product formed 
(

! 

c
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y
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x ) and the time it takes to reach this maximum (t y
max). The degradation rate 

constant of the precursor x (kx) can usually be deduced from the time-course of precursor 
concentrations assuming first-order kinetics. The degradation rate constant of the 
transformation product y (ky) can then be deduced by numerically solving eq 1. With the 
known maximal percentage of transformation product formed (
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x ) and the two 
degradation rate constants kx and ky, the fraction of formation ff xy can be calculated 
according to eq 3. 
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SI-4: Complete results from persistence calculations (Table S4) 

Table S4: Results from persistence calculations sorted in order of descending JP values. 
(JP: Joint Persistence, PP: Primary Persistence of PC, Q = JP/PP, CTPi: Contribution to 
persistence of transformation product i, CTPi,j: Contribution to persistence of transfor-
mation product i in environmental compartment j (j = s (soil), w (water), a (air)). 

Compound name JP (d) Q CTPi (d) CTPi,s (d) CTPi,w (d) CTPi,a (d)

atrazine 212.1 2.5 84.3 39.4 44.8 0.0

DEA 52.0 7.7 44.3 0.0

DIA 23.0 2.9 20.1 0.0

HA 52.9 29.3 23.6 0.0

alachlor 201.1 12.5 16.1 11.5 4.6 0.0

alachlor OXA 7.7 3.5 4.0 0.1

alachlor ESA 164.5 25.2 139.3 0.0

alachlor sulfinyl acetic acid 11.1 7.0 4.1 0.0

alachlor oxamic acid 1.7 1.0 0.7 0.0

kresoxim-me 169.5 54.3 3.1 2.9 0.2 0.0

kresoxim-me-acetic-acid 163.7 19.7 144.0 0.0

kresoxim-me-benzoic acid 2.7 2.5 0.2 0.0

diuron 128.5 1.8 71.7 64.3 7.4 0.0

DCPMU 28.7 25.9 2.8 0.0

MCPDMU 20.1 18.4 1.8 0.0

DCPU 7.0 6.3 0.8 0.0

DCA 0.9 0.3 0.6 0.0

fluoroglycofen-et 102.3 7.1 14.4 14.0 0.2 0.1

fluoroglycofen 1.5 1.0 0.4 0.0

acifluorfen 48.1 38.7 9.4 0.0

amino-fluoroglycofen 2.7 2.3 0.4 0.0

amino-acifluorfen 19.8 14.8 5.0 0.0

acetamido-acifluorfen 15.9 10.5 5.4 0.0

amidosulfuron 98.4 1.3 74.0 19.1 54.9 0.0

hydroxy-A 10.5 6.1 4.5 0.0

ADMP 3.2 0.0 3.2 0.0

ADHP 7.0 2.6 4.4 0.0

dihydroxy-A 3.7 1.8 1.9 0.0

mesotrione 78.3 3.5 22.3 15.4 6.9 0.0

MNBA 20.0 9.8 10.2 0.0

CHD, mesotrione 20.0 9.4 10.6 0.0

AMBA 16.0 4.6 11.5 0.0

sulcotrione 72.4 3.5 20.6 14.1 6.4 0.0

CMBA 31.9 17.2 14.7 0.0

CHD, sulcotrione 19.9 9.5 10.4 0.0

dicamba 69.2 1.6 43.1 11.1 31.9 0.0

3,6-di-Cl-salicylic acid 17.6 9.0 8.5 0.0

6-Cl-salicylic acid 4.3 0.6 3.7 0.0

2,5-OH-di-Cl-salicylic acid 4.3 0.6 3.7 0.0

glyphosate 60.9 3.6 16.9 15.7 1.2 0.0

AMPA 39.8 39.2 0.6 0.0

glyoxylic acid 1.0 0.8 0.2 0.0

N-methylglycine 1.8 1.7 0.1 0.0

glycine 1.4 1.3 0.1 0.0

TCPN 59.5 2.9 20.9 16.4 0.1 4.4

4-OH-2,5,6-trichloroisothalonitrile 26.5 24.1 2.5 0.0

3-CN-2,4,5,6-tetrachlorobenzamide 9.5 9.1 0.5 0.0

5-CN-4,6,7-tri-Cl-2H-1,2-benzisothiazol-3-one 1.4 0.0 1.4 0.0

5-CN-4,6,7-tri-Cl-2H-1,2-benzisothiazol-3-one sulfoxide 1.1 0.0 1.1 0.0

orbencarb 55.6 2.0 27.5 26.7 0.6 0.2

monodeethyl orbencarb 9.0 8.4 0.7 0.0

orbencarb sulfoxide 9.0 8.7 0.3 0.0

orbencarb methyl sulfoxide 3.6 3.0 0.6 0.0

orbencarb sulfonic acid 3.6 2.2 1.4 0.0

orbencarb methyl sulfone 2.9 2.1 0.8 0.0

bromoxynil-oct 48.4 11.7 4.2 3.5 0.0 0.6

bromoxynil 15.5 15.0 0.5 0.0

3-Br-4-OH-benzonitrile 0.1 0.0 0.1 0.0

3-Br-4,5-OH-benzonitrile 0.4 0.0 0.4 0.0

B-benzamide 13.5 10.6 2.9 0.0

4-OH-benzonitrile 0.1 0.0 0.1 0.0

B-benzoic acid 14.7 7.8 6.9 0.0

2,4-D 45.7 1.0 44.5 7.0 37.5 0.0

2,4-DCP 1.0 0.7 0.3 0.0

2,4-DCA 0.2 0.1 0.0 0.0

mecoprop-p 30.5 1.1 28.9 12.3 16.6 0.0

4-chloro-2-methylphenol 1.6 1.1 0.5 0.0

chlorpyrifos-me 27.1 1.9 14.6 14.5 0.0 0.1

3,5,6-trichloro-2-pyridonol 12.5 10.7 1.7 0.0
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SI-5: Complete RAC rankings (Table S5); Use survey data from Greifensee 
catchment (Table S6) 

Table S5: RAC and RAC Greifensee ranks and values for all compounds (RAC: Relative 
Aquatic Concentration; RAC Greifensee: Relative Aquatic Concentration in the 
Greifensee catchment). Compounds sorted according to RAC rank. All values normalized 
to atrazine. Quality of input data indicated for degradation rate constants ks and kw (***: 
>2 empirical values, **: 1-2 empirical values or estimated from degradation study, *: 
estimated using BIOWIN), for organic carbon-water partition coefficient Koc (+++: >2 
empirical values, ++: 1-2 empirical values or analogy reasoning, +: estimated using 
PCKOCWIN), and for fractions of formation, ffs and ffw (°°°: deduced from >1 empirical 
degradation studies, °°: deduced from 1 empirical degradation study, °: generic, –: No ff 
because compound is PC). 

ks kw Koc ffs ffw

CMBA 1 3.3 1 1.08 ** * + ° °

dicamba 2 2.63 5 0.32 *** * +++ – –

amidosulfuron 3 2.33 33 0.0039 *** ** +++ – –

kresoxim-me-acetic acid 4 2.23 19 0.015 *** ** +++ ° °

CHD 5 2.10 3 0.69 * * + ° °

MNBA 6 2.01 64 0 * * + ° °

AMBA 7 1.46 64 0 * * + ° °

alachlor ESA 8 1.43 11 0.084 ** ** +++ °°° °°°

3,6-di-Cl-salicylic acid 9 1.35 8 0.16 *** * +++ – –

B-benzoic acid 10 1.26 13 0.048 * * + ° °°

alachlor sulfinyl acetic acid 11 1.08 12 0.064 ** * ++ °°° °°

mecoprop-P 12 1.07 6 0.24 *** ** +++ – –

atrazine 13 1.00 2 1.00 *** *** +++ – –

acifluorfen 14 0.80 39 0.0020 *** * +++ °° °

alachlor OXA 15 0.78 14 0.046 ** ** +++ °°° °°°

B-benzamide 16 0.78 17 0.030 * * + °° °°

mesotrione 17 0.72 64 0 ** * +++ – –

sulcotrione 18 0.62 7 0.20 *** * +++ – –

ADHP 19 0.57 44 0.00097 ** * + °° °

amino-acifluorfen 20 0.51 42 0.0013 * * ++ ° °

DEA 21 0.41 4 0.41 *** *** +++ °°° °°°

2,4-D 22 0.39 21 0.012 *** ** +++ – –

diuron 23 0.37 29 0.0069 *** ** +++ – –

orbencarb sulfonic acid 24 0.36 18 0.027 * * + ° °

hydroxy-A 25 0.34 48 0.00057 ** * +++ °°° °°

acetamido-acifluorfen 26 0.32 46 0.00083 * * ++ ° °

3,5,6-trichloro-2-pyridonol 27 0.29 64 0 ** * +++ °° °

6-Cl-salicylic acid 28 0.27 15 0.033 * * + ° °

2,5-OH-di-Cl-salicylic acid 29 0.25 16 0.031 * * + ° °

alachlor 30 0.21 20 0.012 *** *** +++ – –

4-OH-2,5,6-trichloroiso-

thalonitrile
31 0.20 32 0.0046 *** * +++ °° °

oxamic acid 32 0.16 24 0.0096 ** * ++ °°° °°

MCPDMU 33 0.16 36 0.0029 *** * + ° °

orbencarb 34 0.15 22 0.011 ** * +++ – –

DIA 35 0.15 9 0.15 *** *** +++ °°° °°°

DCPMU 36 0.14 37 0.0026 *** * +++ °°° °°

HA 37 0.14 10 0.14 *** *** +++ °°° °°°

bromoxynil 38 0.14 31 0.0051 *** ** +++ °°° °°°

monodeethyl orbencarb 39 0.13 23 0.0097 * * + ° °

orbencarb methyl sulfoxide 40 0.13 25 0.0096 * * + ° °

dihydroxy-A 41 0.13 52 0.00021 * * ++ ° °

orbencarb methyl sulfone 42 0.11 27 0.0084 * * + ° °

3-CN-2,4,5,6-tetrachloro-

benzamide
43 0.084 41 0.0020 * * + ° °°

kresoxim-me-benzoic acid 44 0.076 49 0.00051 * * ++ ° °°

3-Br-4,5-OH-benzonitrile 45 0.065 38 0.0024 * * + °° °

amino-fluoroglycofen 46 0.061 54 0.00016 * * ++ ° °

fluoroglycofen 47 0.050 55 0.00013 ** ** ++ °°° °°°

RAC 

Greifensee 

relative to 

atrazine

Data quality

Compound name
RAC relative to 

atrazine
RAC rank

RAC 

Greifensee 

rank
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Table S6: Estimates of yearly amounts of parent pesticide usage in the Greifensee 
catchment (kg/a). The data are extrapolated from a stratified survey encompassing 10-
15% of all farmers in the area (Keller, L. and M. Amaundruz, Pflanzenschutzmittel-
verbrauchserhebung der Jahre 1997-2003 in den Einzugsgebieten Greifensee, Murtensee 
und Baldeggersee. 2004, LBL, Lindau, SRVA, Lausanne). Average yearly usage was 
calculated over those years where usage was indicated. If no usage is indicated for a 
given substance and year, this does not necessarily mean that the substance has not been 
used at all, but could also be due to the number of random samples being too low. Yearly 
usage amounts marked with a are therefore particularly uncertain. 

 
 
 

DCPU 48 0.045 45 0.00083 ** * + ° °

orbencarb sulfoxide 49 0.045 35 0.0033 * * + ° °

ADMP 50 0.042 57 0.00007 * * +++ °° °

4-chloro-2-methylphenol 51 0.027 30 0.0060 ** * +++ °°° °°°

AMPA 52 0.022 26 0.0086 *** ** +++ ° °

glyoxylic acid 53 0.021 28 0.0081 * * + ° °

3-Br-4-OH-benzonitrile 54 0.019 47 0.00072 * * + °° °°

DCA 55 0.014 51 0.00026 ** * + °° °

2,4-DCP 56 0.014 50 0.00042 ** * +++ °° °

glycine 57 0.010 34 0.0039 * * + ° °

chlorpyrifos-me 58 0.010 64 0 ** ** +++ – –

5-CN-4,6,7-tri-Cl-2H-1,2-

benzisothiazol-3-one
59 0.007 53 0.00016 * * + °° °

N-methylglycine 60 0.005 40 0.0020 * * + ° °

fluoroglycofen-et 61 0.005 61 0.00001 ** ** +++ – –

4-OH-benzonitrile 62 0.003 56 0.00011 * * + °° °

glyphosate 63 0.003 43 0.0010 *** *** +++ – –

kresoxim-me 64 0.002 60 0.00002 *** ** +++ – –

2,4-DCA 65 0.002 58 0.00006 ** * + °° °

5-CN-4,6,7-tri-Cl-2H-1,2-

benzisothiazol-3-one 

sulfoxide

66 0.001 59 0.00002 * * + °° °

bromoxynil-oct 67 0.00003 62 5.2922E-07 ** ** +++ – –

TCPN 68 0.000002 63 5.1911E-08 *** ** +++ – –

1997 1998 1999 2000 2001 2002 2003

atrazine 460 449 432 454 500 409 407 444

glyphosate 57 220 245 155 114 178 215 169

sulcotrione 135 142 150 175 170 119 128 145

mecoprop-P 110 122 141 137 116 53 15 99

dicamba 69 74 73 46 30 32 49 53

orbencarb 38 50 10 33 a

alachlor 14 38 26 a

2,4-D 2.1 19 28 23 13 3.3 4.9 13

TCPN (chlorothalonil) 8.2 8.1 2.9 23 11 a

bromoxynil 1.1 9.2 6.2 11 14 17 1.5 8.6

diuron 15 4.1 13 0.2 8.2 a

bromoxynil-oct 5.8 13 4.6 3.6 6.8 a

kresoxim-me 1.0 2.6 2.2 5.3 3.8 3.0 a

fluoroglycofen-et 1.2 1.1 1.1 a

amidosulfuron 0.1 1.4 0.3 0.6 0.8 1.7 0.3 0.7

chlorpyrifos-me 0.0 a

mesotrione 0.0 a

Average yearly 

usage (kg/a)
Yearly usage (kg/a)



 S16 

References 
(1) European Commission, European Commission, 
http://ec.europa.eu/food/plant/protection/evaluation/exist_subs_rep_en.htm, 2006. 
(2) U.K. PSD, http://www.pesticides.gov.uk/psd_evaluation_all.asp, 2006. 
(3) Roberts, T. R., Ed. Herbicides and plant growth regulators; The Royal Society of 
Chemistry: Cambridge, 1998; Vol. Part 1. 
(4) Aga, D. S.; Thurman, E. M. Formation and transport of the sulfonic acid 
metabolites of alachlor and metolachlor in soil. Environ. Sci. Technol. 2001, 35, 2455-
2460. 
(5) U.S. EPA, http://cfpub.epa.gov/oppref/rereg/status.cfm?show=rereg, 2006. 
(6) Graham, W. H.; Graham, D. W.; deNoyelles, F., Jr.; Smith, V. H.; Larive, C. K.; 
Thurman, E. M. Metolachlor and alachlor breakdown product formation patterns in 
aquatic field mesocosms. Environ. Sci. Technol. 1999, 33, 4471-4476. 
(7) Parsons, S. A.; Boxall, A. B. A.; Sinclair, C. J.; Ramwell, C. "Pesticides, their 
Degradates, and Adjuvants of Concern to the Drinking Water Community," Awwa 
Research Foundation, 2006. 
(8) Fenner, K. In Transformation products in environmental risk assessment: Joint 
and secondary persistence as new indicators for the overall hazard of chemical 
pollutants; Ph. D. thesis, ETH Zurich: Zurich, Switzerland, 2001. 
(9) Ulrich, M. M.; Muller, S. R.; Singer, H. P.; Imboden, D. M.; Schwarzenbach, R. 
P. Input and dynamic behavior of the organic pollutants tetrachloroethene, atrazine, and 
NTA in a Lake - a study combining mathematical-modeling and field-measurements. 
Environ. Sci. Technol. 1994, 28, 1674-1685. 
(10) Singer, H., personal communication, Eawag, Dübendorf, 2005. 
(11) Smith, A. E. Degradation of bromoxynil in Regina heavy clay. Weed Res. 1971, 
11, 276-282. 
(12) U.S. EPA, Pesticide Fate Database, http://cfpub.epa.gov/pfate/home.cfm, 2006. 
(13) Ahrens, W. H., Ed. Herbicide handbook; 7 ed.; Weed Science Society of 
America: Champaign, Illinois, 1994. 
(14) Tomlin, C. D. S., Ed. The pesticide manual; 13 ed. Alton, 2003. 
(15) Berger, B. M. Factors influencing transformation rates and formation of products 
of phenylurea herbicides in soil. J. Agri. Food Chem. 1999, 47, 3389-3396. 
(16) Bernard, H.; Chabalier, P. F.; Chopart, J. L.; Legube, B.; Vauclin, M. Assessment 
of herbicide leaching risk in two tropical soils of Reunion Island (France). J. Environ. 
Qual. 2005, 34, 534-543. 
(17) Caracciolo, A. B.; Giuliano, G.; Grenni, P.; Guzzella, L.; Pozzoni, F.; Bottoni, P.; 
Fava, L.; Crobe, A.; Orru, M. Degradation and leaching of the herbicides metolachlor and 
diuron: a case study in an area of Northern Italy. Environ. Poll. 2005, 134, 525-534. 
(18) Cox, L.; Walker, A. Studies of time-dependent sorption of linuron and 
isoproturon in soils. Chemosphere 1999, 38, 2707-2718. 
(19) EFSA. Final addendum to the Draft Assessment Report (DAR); Initial risk 
assessment provided by the rapporteur member state Denmark for the exisiting active 
substance Diuron of the second stage of the review programme referred to in Article 8(2) 
of the Council Directive 91/414/EEC. European Food Safety Authority (EFSA), 2004. 
(20) Hassink, J.; Klein, A.; Kordel, W.; Klein, W. Behavior of herbicides in 
noncultivated soils. Chemosphere 1994, 28, 285-295. 



 S17 

(21) Rouchaud, J.; Neus, O.; Bulcke, R.; Cools, K.; Eelen, H.; Dekkers, T. Soil 
dissipation of diuron, chlorotoluron, simazine, propyzamide, and diflufenican herbicides 
after repeated applications in fruit tree orchards. Arch. Environ. Contam. Toxicol. 2000, 
39, 60-65. 
(22) Walker, A.; Roberts, M. G. Degradation of methazole in soil .2. Studies with 
methazole, methazole degradation products and diuron. Pestic. Sci. 1978, 9, 333-341. 
(23) Pätzold, S.; Brümmer, G. W. Abbau-, Sorptions- und Verlagerungsverhalten des 
Herbizides Diuron in einer obstbaulich genutzten Parabraunerde aus Löss. J. Plant Nutr. 
Soil Sci.-Z. Pflanzenernahr. Bodenkd. 1997, 160, 165-170. 
(24) Fava, L.; Orru, M. A.; Crobe, A.; Caracciolo, A. B.; Bottoni, P.; Funari, E. 
Pesticide metabolites as contaminants of groundwater resources: assessment of the 
leaching potential of endosulfan sulfate, 2,6-dichlorobenzoic acid, 3,4-dichloroaniline, 
2.4-dichlorophenol and 4-chloro-2-methylphenol. Microchem. J. 2005, 79, 207-211. 
(25) Accinelli, C.; Screpanti, C.; Vicari, A.; Catizone, P. Influence of insecticidal 
toxins from Bacillus thuringiensis subsp kurstaki on the degradation of glyphosate and 
glufosinate-ammonium in soil samples. Agric. Ecosyst. Environ. 2004, 103, 497-507. 
(26) Grunewald, K.; Schmidt, W.; Unger, C.; Hanschmann, G. Behavior of glyphosate 
and aminomethylphosphonic acid (AMPA) in soils and water of reservoir Radeburg II 
catchment (Saxony/Germany). J. Plant Nutr. Soil Sci.-Z. Pflanzenernahr. Bodenkd. 2001, 
164, 65-70. 
(27) Kools, S. A. E.; van Roovert, M.; van Gestel, C. A. M.; van Straalen, N. M. 
Glyphosate degradation as a soil health indicator for heavy metal polluted soils. Soil Biol. 
Biochem. 2005, 37, 1303-1307. 
(28) Mamy, L.; Barriuso, E.; Gabrielle, B. Environmental fate of herbicides trifluralin, 
metazachlor, metamitron and sulcotrione compared with that of glyphosate, a substitute 
broad spectrum herbicide for different glyphosate-resistant crops. Pest Manag. Sci. 2005, 
61, 905-916. 
(29) Screpanti, C.; Accinelli, C.; Vicari, A.; Catizone, P. Glyphosate and glufosinate-
ammonium runoff from a corn-growing area in Italy. Agron. Sustain. Dev. 2005, 25, 407-
412. 
(30) Waelle, M. In Spurenanalytische Methode zur Quantifizierung von Glyphosat in 
Umweltproben; Master thesis, ETH Zürich: Dübendorf, Switzerland, 2004. 
(31) Meunier, L.; Boule, P. Direct and induced phototransformation of mecoprop [2-
(4-chloro-2-methylphenoxy)propionic acid] in aqueous solution. Pest Manag. Sci. 2000, 
56, 1077-1085. 
(32) Dyson, J. S.; Beulke, S.; Brown, C. D.; Lane, M. C. G. Adsorption and 
degradation of the weak acid mesotrione in soil and environmental fate implications. J. 
Environ. Qual. 2002, 31, 613-618. 
(33) Ikeda, M.; Unai, T.; Tomizawa, C. Degradation of the herbicide orbencarb in 
soils. J. Pestic. Sci. 1986, 11, 85-96. 
(34) Rouchaud, J.; Neus, O.; Bulcke, R.; Cools, K.; Eelen, H. Sulcotrione soil 
metabolism in summer corn crops. Bull. Environ. Contam. Toxicol. 1998, 61, 669-676. 
(35) Rouchaud, J.; Neus, O.; Callens, D.; Bulcke, R. Sulcotrione soil persistence and 
mobility in summer maize and winter wheat crops. Weed Res. 1998, 38, 361-371. 



 S18 

(36) Rouchaud, J.; Thirion, A.; Callens, D.; Bulcke, R. Soil dissipation of the post-
emergence herbicide sulcotrione in maize crops treated with organic fertilizers. Bull. 
Environ. Contam. Toxicol. 1996, 57, 398-405. 
(37) Gomides Freitas, L. In Herbicide losses to surface waters in a small agricultural 
catchment : Spatial and temporal variability and influence of substance properties; Ph. 
D. thesis, ETH Zurich: Zurich, Switzerland, 2005. 
(38) Katayama, A.; Isemura, H.; Kuwatsuka, S. Suppression of chlorothalonil 
dissipation in soil by repeated applications .1. J. Pestic. Sci. 1991, 16, 233-238. 
(39) Mori, T.; Fujie, K.; Kuwatsuka, S.; Katayama, A. Accelerated microbial 
degradation of chlorothalonil in soils amended with farmyard manure. Soil Sci. Plant 
Nutr. 1996, 42, 315-322. 
(40) Motonaga, K.; Takagi, K.; Matumoto, S. Suppression of chlorothalonil 
degradation in soil after repeated application. Environ. Toxicol. Chem. 1998, 17, 1469-
1472. 
(41) Potter, T. L.; Wauchope, R. D.; Culbreath, A. K. Accumulation and decay of 
chlorothalonil and selected metabolites in surface soil following foliar application to 
peanuts. Environ. Sci. Technol. 2001, 35, 2634-2639. 
(42) Rouchaud, J.; Roucourt, P.; Vanachter, A.; Benoit, F.; Ceustermans, N. 
Relationship between the biodegradation of the fungicide chlorothalonil in soil used to 
grow broccoli, chinese-cabbage and cauliflower and its efficacy in protecting against 
Plasmodiophora-Brassicae. Rev. Agricul. 1988, 41, 889-899. 
(43) Rouchaud, J.; Roucourt, P.; Vanachter, A.; Benoit, F.; Ceustermans, N. 
Hydrolytic biodegradation of chlorothalonil in the soil and in cabbage crops. Toxicol. 
Environ. Chem. 1988, 17, 59-68. 
(44) Sato, K.; Tanaka, H. Degradation and metabolism of a fungicide, 2,4,5,6-tetra-
chloroisophthalonitrile (TPN) in soil. Biol. Fertil. Soils 1987, 3, 205-209. 
(45) Singh, B. K.; Walker, A.; Wright, D. J. Degradation of chlorpyrifos, fenamiphos, 
and chlorothalonil alone and in combination and their effects on soil microbial activity. 
Environ. Toxicol. Chem. 2002, 21, 2600-2605. 
(46) Van Eeden, M.; Potgieter, H. C.; Van der Walt, A. M. Microbial degradation of 
chlorothalonil in agricultural soil: A laboratory investigation. Environ. Toxicol. 2000, 15, 
533-539. 
(47) Wu, L.; Liu, G.; Yates, M. V.; Green, R. L.; Pacheco, P.; Gan, J.; Yates, S. R. 
Environmental fate of metalaxyl and chlorothalonil applied to a bentgrass putting green 
under southern California climatic conditions. Pest Manag. Sci. 2002, 58, 335-342. 
(48) van der Pas, L. J. T.; Matser, A. M.; Boesten, J.; Leistra, M. Behaviour of 
metamitron and hydroxy-chlorothalonil in low-humic sandy soils. Pestic. Sci. 1999, 55, 
923-934. 
 
 


