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I. Formation and Transformation of Desphenylchloridazon 

 

 

Figure Sϭ: A. Formation of DPC, where the newly formed DPC is expected to contain equally or lower ϭϯC/ϭϮC isotope ratio 

than its precursor CLZ; B. Transformation of DPC, where carbon and nitrogen isotope effects are expected ;primary isotope 

effectͿ; Reactive groups in CLZ and DPC for which isotope enrichment is expected compared to their initial isotope value 

are indicated in blue, while isotope depletion ;which is expected for the formed MDPC and for Ϯ-hydroxymuconate formed 

from the phenyl ring of CLZͿ is indicated by red boxes; adapted from Lingens et al.ϭ and Roberts et al.Ϯ 
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II. Materials and Methods 

II.ϭ. Chemicals 
 

For experiments and isotope analysis, CLZ ;ϱͲAminoͲϰͲchloroͲϮͲphenylpyridazinͲϯ;ϮHͿͲone, 

CAS no͘ ϭϲϵϴͲϲϬͲϴͿ was purchased from Cfm Oskar Tropitzsch GmbH ;purity n͘a͘, 

Marktredwitz, GermanyͿ, DPC ;ϱͲAminoͲϰͲchloroͲϯͲpyridazinone, CAS no͗͘ ϲϯϯϵͲϭϵͲϭͿ was 

kindly provided from BASF ;ϵϵ͘ϴй, Limburgerhof, GermanyͿ and MDPC ;ϱͲaminoͲϰͲchloroͲϮͲ

methylͲϯ;ϮHͿͲ pyridazinone, CAS no͗͘ ϭϳϮϱϰͲϴϬͲϳͿ was supplied by LGC Standards GmbH 

;Wesel, GermanyͿ͘ ;TrimethylsilylͿdiazomethane, Ϯ͘Ϭ M dissolved in diethyl ether ;CAS no͗͘ 

ϭϴϭϬϳͲϭϴͲϭ, acute toxicity and health hazardousͿ, sodium persulfate ;шϵϵ͘ϵй, CAS no͗͘ ϳϳϳϱͲ

ϮϳͲϭͿ and phosphoric acid ;шϴϱй, CAS no͗͘ ϳϲϲϰͲϯϴͲϮͿ were obtained from Sigma Aldrich 

;Merck KGaA, Darmstadt, GermanyͿ, while methanol ;шϵϵ͘ϵй, CAS no͗͘ ϲϳͲϱϲͲϭͿ and acetone 

;шϵϵ͘ϵй, CAS no͗͘ ϲϳͲϲϰͲϭͿ were received from Roth ;Karlsruhe, GermanyͿ͘ Ethyl acetate 

;шϵϵ͘ϵй, CAS no͗͘ ϭϰϭͲϳϴͲϲͿ was supplied by Honeywell ;Burdick Θ Jackson, Muskegon, USAͿ͘ 

Ultrapure water was derived from a Millipore DirectQ apparatus ;Millipore, Bedford, MA, 

USAͿ͘ Empty polyethylene cartridges ;ϲ mL and ϲϬ mLͿ and matching polyethylene frits ;ϮϬͲ

μm pore sizeͿ were obtained from Grace ;Columbia, SC, USAͿ͘ Bakerbond SDBͲϭ sorbent was 

supplied by J͘T͘ Baker ;Phillipsburg, NJ, USAͿ, whereas the Sepra ZT sorbent was received from 

Phenomenex ;Torrance, CA, USAͿ͘ For concentration analysis, PestanalͲquality CLZ and 

terbuthylazine ;CAS no͗͘ ϱϵϭϱͲϰϭͲϯͿ standards were purchased from SigmaͲAldrich ;Seelze, 

GermanyͿ͘ Certified standards of DPC, MͲDPC and chloridazonͲdϱ ;CAS no͗͘ ϭϯϰϲϴϭϴͲϵϵͲϰͿ 

were purchased from Dr͘ Ehrenstorfer GmbH ;Wesel, GermanyͿ͘  
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II.Ϯ. Lysimeter Facility Set-Up 
 

 
Figure SϮ: A. Facility and B. lysimeter set-up used for the lysimeter field study provided by Agroscope, pictures adapted 
from Reckenholtzϯ, ϰ 
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Table Sϭ: Main properties of the two lysimeter soils as described by Torrentó et al.ϱ 

Soil Horizon Depth 
΀cm΁ 

Organic 
Matter ΀й΁ 

Size Distribution of Mineral Particles 
΀й΁ 

Clay Silt Sand 
Gravel Soil 

Ap Ϭ Ͳ ϱϬ ϭ͘ϳ ϮϬ Ϯϯ ϱϳ 
Bϭ ϱϬ Ͳ ϲϬ Ϭ͘ϵ Ϯϳ ϮϬ ϲϰ 
BϮ ϲϬ Ͳ ϳϬ ϭ͘ϭ ϭϵ Ϯϰ ϱϳ 
Bϯ ϳϬ Ͳ ϭϬϬ  ϮϬ Ϯϰ ϱϳ 
Bϰ ϭϭϬ Ͳ ϭϮϬ  ϭϵ Ϯϭ ϲϬ 
C ϭϮϬ Ͳ ϭϯϱ  ϭϳ ϭϴ ϲϱ 
C Sandy alluvial deposits 

Moraine Soil 
Ap Ϭ Ͳ ϱϬ Ϯ͘ϭ ϮϮ ϯϰ ϰϰ 
Bϭ ϱϬ Ͳ ϳϬ ϭ͘ϱ Ϯϯ ϯϱ ϰϯ 
BϮ ϳϬ Ͳ ϵϬ Ϭ͘ϰ ϮϮ ϯϴ ϰϬ 
Bϯ ϵϬ Ͳ ϭϭϬ  ϮϬ ϰϬ ϰϬ 
Bϰ ϭϭϬ Ͳ ϭϰϬ  Ϯϭ ϰϮ ϯϳ 
C ϭϰϬ Ͳ ϭϲϬ  ϮϬ ϰϭ ϯϴ 
C Loamy moraine deposits 
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II.ϯ. Application Details of Chloridazon and Desphenylchloridazon 
 
Table SϮ: DPC and CLZ and tracers application to the lysimeters ;LͿ and heavy irrigation events ;ϯϬ-ϱϬ mm at ϭ mm/minͿ 
during the period of monitoring. Although not shown here, regular low-intensity irrigation events ;ϱ-ϮϬ mm once a week 
at Ϭ.Ϯ mm/minͿ were also applied. Sowing and harvest dates are also shown. The following winter covers were used: 
stubbles ;ϮϬϭϰͿ, bare fallow ;ϮϬϭϱͿ and stubbles ;ϮϬϭϲ and ϮϬϭϳͿ 

Date DPC / CLZ Application Heavy Irrigation ΀mm΁ 
1Ϯ-0ϱ-Ϯ01ϰ Corn sowing  
ϭϰͲϬϱͲϮϬϭϰ Ͳ ϯϬ mm 
ϭϮͲϬϲͲϮϬϭϰ CLZ depth injection ;Lϲ, LϳͿ͗ Ϯ͘Ϭ g per 

lysimeter н uranine ;Ϭ͘ϰϭ g per 
lysimeterͿ 

ϰϬͲϱϱ mm 

ϮϴͲϬϳͲϮϬϭϰ Ͳ ϰϬ mm 
ϯϭͲϬϳͲϮϬϭϰ Ͳ ϯϬͲϯϱ mm 
10-0ϵ-Ϯ01ϰ Corn harvesting  
ϭϬͲϬϵͲϮϬϭϰ Ͳ ϰϬ mm 
ϭϱͲϬϵͲϮϬϭϰ Ͳ ϰϬ mm 
ϮϰͲϬϮͲϮϬϭϱ Ͳ ϯϬ mm 
Ϯϱ-0ϯ-Ϯ01ϱ Sugar beet sowing  
ϬϲͲϬϱͲϮϬϭϱ CLZ surface application ;Lϰ, LϴͿ͗ ϯ͘Ϭ 

kgͬha н uranine ;ϭ͘ϯ kgͬhaͿ  
DPC surface application ;Lϭ, LϭϮͿ͗ ϯ͘Ϯ 
kgͬha н uranine ;ϭ͘ϯ kgͬhaͿ and NaBr 
;ϱϬϬ kgͬhaͿ  
 

ϱϬ mm 

ϮϭͲϬϱͲϮϬϭϱ Ͳ ϱϱ mm 
ϬϯͲϬϴͲϮϬϭϱ Ͳ ϯϬ mm 
ϭϬͲϬϴͲϮϬϭϱ Ͳ ϰϱ mm 
ϬϳͲϭϬͲϮϬϭϱ Ͳ ϰϬ mm 
ϭϮͲϭϬͲϮϬϭϱ Ͳ ϰϬ mm 
1ϯ-11-Ϯ01ϱ Sugar beet harvesting  
1Ϯ-0ϱ-Ϯ01ϲ Corn sowing  
ϮϴͲϬϲͲϮϬϭϲ Ͳ ϱϬ mm 
ϬϰͲϬϳͲϮϬϭϲ Ͳ ϱϬ mm 
1ϰ-0ϵ-Ϯ01ϲ Corn harvesting  
ϯϭͲϭϬͲϮϬϭϲ Ͳ ϱϬ mm 
ϬϳͲϭϭͲϮϬϭϲ Ͳ ϱϬ mm 
ϬϳͲϬϯͲϮϬϭϳ Ͳ ϯϬ mm 
ϬϵͲϬϯͲϮϬϭϳ Ͳ ϰϬ mm 
1ϴ-0ϰ-Ϯ01ϳ Broccoli (L1,Lϰ,Lϲ) and Chinese cabbage (L1Ϯ,Lϴ,Lϳ) planting Ͳ 
Ϯ0-0ϲ-Ϯ01ϳ Broccoli and Chinese cabbage harvesting Ͳ 
ϭϬͲϬϳͲϮϬϭϳ Ͳ ϰϬ mm 
11-0ϳ-Ϯ01ϳ Lettuce (L1,Lϰ,Lϲ) and leek Allium (L1Ϯ,Lϴ,Lϳ) planting Ͳ 
ϮϮ-0ϴ-Ϯ01ϳ Lettuce harvesting Ͳ 
Ϯϯ-0ϴ-Ϯ01ϳ Lettuce (L1,Lϰ,Lϲ) planting Ͳ 
ϬϮͲϬϵͲϮϬϭϳ Ͳ ϰϬ mm 
ϯ0-10-Ϯ01ϳ Lettuce harvesting  Ͳ 
0ϵ-11-Ϯ01ϳ Leek harvesting  Ͳ 
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II.ϰ. UHPLC-MS/MS Parameters 
 
Table Sϯ: Optimized compound dependent MS/MS parameters. Other source and collision cell parameters were set as 
follows: ion spray ;ISͿ voltage нϱ.ϱ kV, gas temperature ;TEMͿ ϱϬϬ ΣC, nebulizing gas ;GSϭͿ ϲϬ psi, drying gas ;GSϮͿ ϰϬ psi, 
curtain gas ;CURͿ ϭϱ psi 

Compound Retention 
time 
΀min΁ 

Precursor 
΀m/z΁ 

Fragment 
΀m/z΁ 

DP 
΀V΁ 

EP 
΀V΁ 

CE 
΀V΁ 

CXP 
΀V΁ 

Dwell 
time 
΀ms΁ 

CLZ ;QͿ 
CLZ ;qͿ 

ϱ͘ϵϵ 
ϱ͘ϵϵ 

ϮϮϮ͘ϭ 
ϮϮϮ͘ϭ 

ϭϬϰ͘Ϭ 
ϳϳ͘Ϭ 

ϵϲ 
ϵϲ 

ϭϬ 
ϭϬ 

ϯϯ 
ϱϯ 

ϲ 
ϰ 

ϳϱ 
ϳϱ 

DPC ;QͿ 
DPC ;qͿ 

ϭ͘ϭϮ 
ϭ͘ϭϮ 

ϭϰϲ͘Ϭ 
ϭϰϲ͘Ϭ 

ϭϭϳ͘Ϭ 
ϲϲ͘Ϭ 

ϳϲ 
ϴϭ 

ϭϬ 
ϭϬ 

ϯϳ 
ϱϱ 

ϴ 
ϰ 

ϳϱ 
ϳϱ 

MͲDPC ;QͿ 
MͲDPC ;qͿ 

ϭ͘ϵϲ 
ϭ͘ϵϲ 

ϭϲϬ͘Ϭ 
ϭϲϬ͘Ϭ 

ϭϭϳ͘Ϭ 
ϴϴ͘Ϭ 

ϴϭ 
ϴϲ 

ϭϬ 
ϭϬ 

ϯϯ 
ϰϱ 

ϴ 
ϲ 

ϳϱ 
ϳϱ 

CLZͲdϱ ;QͿ 
CLZͲdϱ ;qͿ 

ϱ͘ϵϳ 
ϱ͘ϵϳ 

ϮϮϳ͘Ϭ 
ϮϮϳ͘Ϭ 

ϭϬϴ͘Ϭ 
ϴϭ͘Ϭ 

ϵϲ 
ϵϭ 

ϭϬ 
ϭϬ 

ϯϵ 
ϱϱ 

ϲ 
ϰ 

ϳϱ 
ϳϱ 

Q͗ quantification ion͖ q͗ qualification ion͖ DP͗ declustering potential͖ EP͗ entrance potential͖ CE͗ collision energy͖ CXP͗ 
collision cell exit potential 

 
II.ϱ. UHPLC-QTOF-MS method 
 

An Acquity UPLCΡ system was coupled with a Synapt GϮ QTOFͲMS ;WatersͿ͘ A guard column 

;ϱ mm п Ϯ͘ϭ mm, ϭ͘ϳ μmͿ and Acquity UPLC BEH Cϭϴ column ;ϱϬ mm п Ϯ͘ϭ mm, ϭ͘ϳ μm, 

WatersͿ were used at a flow rate of Ϭ͘ϰ mLͬmin in gradient mode͘ The mobile phase consisted 

of water ;incl͘ formic acid Ϭ͘Ϭϱ йͿ and acetonitrile ;ACNͿ containing Ϭ͘Ϭϱ й formic acid͘ The 

gradient method started at Ϯ й ACNͬformic acid and was increased linearly to ϲϱ й within 

ϰ͘ϱ min͘ Subsequently, the gradient was increased to ϭϬϬ й within ϭ min, held for ϭ min and 

reͲset to Ϯ й for reͲequilibration͘ The analytes were quantified based on peak area ratios 

using terbuthylazine as an internal standard͘ The quantifier ions for CLZ, DPC and MDPC were 

ϮϮϮ͘Ϭϯϵ, ϭϰϲ͘ϬϭϮ and ϭϲϬ͘ϬϮϴ, respectively͘ 

 

II.ϲ. Large Volume Solid-Phase Extraction According to Torrentó et al.ϲ 
 
For isotope analysis, all lysimeter samples were filtered through Ϭ͘ϳ ђm glass fiber filters and 

were concentrated by SPE using the method described in Torrentó et al͘ϲ, Shortly, handͲfilled 

ϲϬ mL polyethylene cartridges packed with ϴ g of Bakerbond SDBͲϭ sorbent and ϴ g of Sepra 

ZT sorbent were rinsed with ϲϬ mL ethyl acetate ;EtAcͿ, conditioned with ϲϬ mL methanol 

and ϲϬ mL ultrapure water͘ Subsequently, sample volumes between ϭ and ϭϭ L were 

extracted at a flow rate of ϱ mLͬmin͘ Each cartridge was then washed with ϲϬ mL ultrapure 
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water͘ To remove residual water, all cartridges were dried under vacuum overnight͘ The 

analytes were then eluted with ϭϮϬ mL EtAc and the extracts were finally evaporated until 

dryness using a CentriVap Benchtop vacuum concentrator ;Labconco, Kansas City, MO, USAͿ͘ 

Each dry extract was reconstituted in several steps͘ The final reconstitution volume and 

solvent varied depending on the isotope analysis method͘ For carbon isotope analysis, 

samples were reconstituted in Ϭ͘ϭ to Ϯ͘ϱ mL ultrapure water, while in preparation for nitrogen 

isotope analysis, each sample was reconstituted in ϭ mL methanol͘ 

 
II.ϳ. Preparative HPLC 
 
As already described by Melsbach et al͘ϳ, SPE extracts were reconstituted in ϴϬϬ ђL ultrapure 

waterͬACN ;ϵϬͬϭϬ vͬvͿ and manually injected into a Shimadzu UHPLCͲDAD ;Nexera XR, LCͲ

ϮϬAD XRͿ equipped with a Synergi ϰ ђm HydroͲRP ϴϬ Å ;ϭϬϬ mm x ϰ͘ϲ ђm͖ Phenomenex, 

Aschaffenburg, DeutschlandͿ͘ The oven was set to a temperature of ϯϱ ΣC͘ A Ϭ͘ϱ mM KHϮPOϰ 

buffer at pH ϳ and ACN were used as mobile phases͘ At a flow rate of ϭ͘Ϭ mLͬmin, a gradient 

method was used for peak separation͘ The proportion of ACN was ϭ й for Ϯ min, was linearly 

increased to ϭϬ й within ϰ min ;held for Ϭ minͿ was again linearly increased to ϱϬ й within 

ϯ min ;held for Ϯ minͿ before a finally linear increase to ϳϱ й within ϵ min ;held for Ϯ minͿ͘ At 

the end of the run, the proportion of ACN was decreased to ϭ й again ;held for ϱ minͿ͘ The 

absorbance of the detector was set to ϮϭϬ nm͘ DPCͲcontaining fractions were collected from 

ϭ͘ϴ min to ϳ͘Ϭ min and MDPCͲcontaining fractions from ϳ͘Ϭ min to ϭϭ͘Ϭ min͘ Subsequently, 

the fractions were evaporated until dryness by freezeͲdrying͘ Afterwards, the fraction 

containing MDPC was reconstituted in ϱϬ ђL acetone, while the DPC fraction was prepared 

for derivatization by reconstituting the sample in ϭ mL methanol͘ 

 
 
II.ϴ. Elemental-Analyzer Isotope Ratios used for Correction Procedure 
 
Table Sϰ: Isotope ratios of ϭϯC and ϭϱN of selected compounds used for isotope correction determined by EA-IRMS; 
measurement uncertainty is shown as standard deviation ;SDͿ of nсϱ measurements 

Standard δϭϯC ц SD ΀к΁ δϭϱN ц SD ΀к΁ 
Desphenylchloridazon Ͳϭϳ͘ϴϰ ц Ϭ͘Ϭϱ Ͳϯ͘ϴϭ ц Ϭ͘Ϭϰ 
Methyldesphenylchloridazon ͲϮϭ͘ϭϳ ц Ϭ͘Ϭϲ нϬ͘ϵϵ ц Ϭ͘ϭϮ 
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II.ϵ. Calculation of Analyte Recovery from the Lysimeter Drainage Water 
 
The balance between the appliedͬinjected mass and the total recovered mass йReƚoƚal ;i͘e͘ 

sum of the recovered masses of the appliedͬinjected compound and its metabolite;sͿͿ is 

based on the cumulative recovery йReCompoƵnd of CLZ, DPC and DPC from the drainage water 

according to equations Sϭ and SϮ͗ 

 

 %𝑅𝑒஼௢௠௣௢௨௡ௗ ൌ  
∑ ௖೏೐೟೐೎೟೐೏ ൈ ௏೏ೝೌ೔೙ೌ೒೐ ೢೌ೟೐ೝ

೙
బ  

 ௠ೌ೙ೌ೗೤೟೐ ೌ೛೛೗೔೐೏
 ൈ 100 ;SϭͿ 

 
 
 %𝑅𝑒௧௢௧௔௟ ൌ  ∑ %𝑅𝑒஼௅௓ ൅ %𝑅𝑒஽௉஼ ൅ %𝑅𝑒ெ஽௉஼  ;SϮͿ 
 
where n is the time of monitoring ;daysͿ, cdeƚecƚed is the analyte concentration measured in the 

drainage water of the particular date, Vdrainage water is the corresponding volume of the 

drainage water eluting from the lysimeter and manalǇƚe applied is the mass of the analyte ;DPC 

or CLZͿ appliedͬinjected on the lysimeter͘͟ The mass balance was considered incomplete 

when йReƚoƚal differs from ϭϬϬй͘ When possible, analyte mass retained in the first layer of 

the soil was also considered for the mass balance͘ To this end, the percentage of retained 

analyte was calculated from concentration measurements in soil samples assuming ;iͿ 

homogenous areal distribution of the analytes, and ;iiͿ that the first ϭϬ cm soil layer 

corresponds to ϰϬϴ kg of soil ;using a bulk density of approximately ϭ͘ϯ gͬcmϯ for the topsoilͿ͘ 
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III. Results  

III.ϭ. Water balance 
 

Table Sϱ: Average monthly sums ;in mmͿ of the water-balance components from the two soil types during ϮϬϭϰ, ϮϬϭϱ, 
ϮϬϭϲ and ϮϬϭϳ: irrigation ;IͿ, drainage ;DͿ, change in soil water storage ;ΔSWSͿ, and evapotranspiration ;ETͿ. 

 
ϮϬϭϰ ϮϬϭϲ 

Gravel Moraine Gravel Moraine 
I D ΔSWS ET I D ΔSWS ET I D ΔSWS ET I D ΔSWS ET 

Jan ϲϬ ϳϬ Ͳϭ Ϭ ϲϬ ϲϴ Ͳϰ Ϭ ϯϯ ϮϬ Ϯ ϭϬ ϯϮ ϭϮ ϳ ϭϯ 
Feb ϳϰ ϲϮ ϭϮ ϭ ϳϰ ϲϬ ϭϱ ϰ Ϯϲ ϵ Ϭ ϭϳ Ϯϳ ϲ ϯ ϭϳ 
Mar ϳ ϯϵ ͲϲϬ Ϯϵ ϴ ϯϳ Ͳϲϲ ϯϲ ϱϬ ϭϰ ϲ ϯϬ ϱϬ ϵ ϲ ϯϱ 
Apr ϴϲ ϭϮ ϭϬ ϲϱ ϴϵ ϭϮ ϱ ϳϮ ϱϰ ϮϮ Ͳϳ ϯϵ ϱϯ ϭϳ Ͳϵ ϰϱ 
May ϭϭϭ ϭϯ ϭϰ ϴϰ ϵϳ Ϯ Ϯϯ ϳϮ ϭϴ ϭϮ Ͳϭϵ Ϯϲ ϭϴ ϭϬ Ͳϭϵ Ϯϳ 
Jun ϭϲϳ ϭϭϳ Ͳϱϭ ϭϬϮ ϭϴϳ ϭϮϲ ͲϰϬ ϭϬϭ ϴϴ ϭϱ ϭϴ ϱϲ ϴϴ ϳ ϮϮ ϱϵ 
Jul ϴϲ ϭϭ Ͳϯ ϳϴ ϴϵ ϵ Ϭ ϴϬ ϭϭϱ ϰϭ ͲϵϮ ϭϲϲ ϭϭϮ ϯϲ ͲϭϬϯ ϭϳϴ 

Aug ϵϭ ϭϵ Ͳϯϰ ϭϬϲ ϵϰ ϭϱ ͲϮϳ ϭϬϱ ϲϬ ϰ Ͳϳϯ ϭϮϴ ϱϵ ϭ Ͳϴϯ ϭϰϭ 
Sep ϭϮϯ ϭϰ ϰϵ ϲϬ ϭϮϲ ϭϴ ϱϭ ϱϴ Ϯϳ ϭ Ͳϴ ϯϰ Ϯϴ Ϭ Ͳϭϲ ϰϯ 
Oct ϯϮ ϴ ϵ ϭϲ ϯϮ ϭϭ ϳ ϭϱ ϳϯ Ϭ ϱϲ ϭϲ ϳϯ Ϭ ϱϯ ϭϵ 
Nov ϯϬ ϰ ϭϯ ϭϯ ϯϬ ϳ ϳ ϭϱ ϭϲϬ Ϯϭ ϭϮϱ ϭϯ ϭϱϴ ϱ ϭϯϰ ϭϴ 
Dec ϲϴ ϯϵ ϰ Ϯϰ ϲϱ ϰϱ ϭ ϭϵ Ϭ ϭϱ ͲϮϯ ϴ Ϭ Ϯ Ͳϭϰ ϭϮ 

Total ϵϯϲ ϰϬϳ Ͳϯϴ ϱϳϳ ϵϱϬ ϰϬϵ ͲϮϳ ϱϳϴ ϳϬϰ ϭϳϱ Ͳϭϱ ϱϰϰ ϲϵϳ ϭϬϴ Ͳϭϴ ϲϬϳ 

 
ϮϬϭϱ ϮϬϭϳ 

Gravel Moraine Gravel Moraine 
I D ΔSWS ET I D ΔSWS ET I D ΔSWS ET I D ΔSWS ET 

Jan Ϯϳ ϭϰ ͲϮ ϭϲ Ϯϵ ϭϭ ϭ ϭϳ Ϭ ϰ Ͳϱ ϯ Ϭ Ϯ Ͳϯ ϯ 
Feb ϲϬ Ϯϯ ϭϴ ϭϵ ϲϯ Ϯϴ ϭϲ ϮϬ ϭϲ Ϯ ϱ ϵ ϭϲ ϭ ϯ ϭϮ 
Mar ϰϵ ϯϬ ͲϭϮ ϯϭ ϱϮ ϯϬ ͲϭϬ ϯϮ ϲϬ ϯϲ ϭ Ϯϰ ϲϰ Ϯϰ ϭϱ Ϯϲ 
Apr ϱϮ ϭϮ Ͳϯ ϰϯ ϱϮ ϵ Ͳϯ ϰϲ Ϯϲ ϳ ϲ ϭϮ ϮϮ ϴ ϱ ϭϬ 
May ϭϳϮ ϭϬϵ Ͳϴ ϳϭ ϭϲϰ ϭϬϰ Ͳϲ ϲϲ ϯϭ ϭϱ Ͳϯϰ ϱϬ ϯϭ ϭϮ Ͳϯϵ ϱϴ 
Jun Ϯϴ ϭϯ ͲϴϬ ϵϱ Ϯϳ ϭϬ Ͳϴϴ ϭϬϰ ϱϲ ϳ ͲϰϬ ϴϴ ϲϮ ϯ Ͳϭ ϱϵ 
Jul ϳϰ ϱ Ͳϯϴ ϭϬϴ ϳϯ Ϯ Ͳϰϱ ϭϭϲ ϵϱ ϱ ϳϯ ϭϴ ϵϱ ϭϱ ϲϬ ϮϬ 

Aug ϭϬϳ ϭϮ ϳ ϴϴ ϭϭϭ ϭϮ ϲ ϵϮ ϱϬ ϭϰ Ͳϭϳ ϱϯ ϰϮ ϯϲ Ͳϰϰ ϱϭ 
Sep ϭϭϰ ϭϲ ϰϮ ϱϳ ϭϭϮ ϭϮ ϯϯ ϲϳ ϴϳ ϲϰ Ϯϲ Ϯ ϴϳ ϯϭ ϮϬ ϯϲ 
Oct ϭϭϮ Ϯϰ ϱϴ ϯϬ ϭϭϮ ϵ ϱϵ ϰϱ ϭϵ ϭϱ Ͳϯ ϳ ϭϲ ϱ ͲϯϬ ϰϭ 
Nov Ϯϵ ϭϬ Ϯ ϭϳ Ϯϲ ϰ ϲ ϭϱ ϲϵ ϱϭ ϯϭ Ϭ ϳϯ ϲ ϲϲ ϭ 
Dec ϯϲ ϮϬ ϲ ϭϭ ϯϱ ϴ ϭϱ ϭϮ ϳϭ ϭϬϳ ϲ Ϭ ϴϬ ϭϮϮ ϭϬ Ϭ 

Total ϴϲϭ Ϯϴϳ Ͳϭϭ ϱϴϱ ϴϱϱ ϮϰϬ Ͳϭϴ ϲϯϯ ϱϴϭ ϯϮϳ ϰϴ Ϯϲϲ ϱϴϴ Ϯϲϲ ϲϭ ϯϭϱ 
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III.Ϯ. Vegetation cover 
 
No attempts were made to estimate the percentage of each lysimeter area covered by vegetation since no significant differences in the evolution 

with time of the plants development between the two soil types or between the two pesticide application methods were observed͘ In the 

lysimeters with DPC application ;Lϭ and LϭϮͿ, most of the sugar beet plants died and thus the vegetation cover was much lower in these two 

lysimeters compared to the lysimeters with CLZ application͘ Figure Sϯ shows pictures of the evolution of the vegetation cover on selected 

lysimeters and dates͘ The effect of vegetation cover on DPC leaching and isotope fractionation was thus not assessed͘ 

 
 

Lysimeters with CLZ application Lysimeters with CLZ injection Lysimeters with DPC application 
Gravel soil ;LϰͿ Moraine soil ;LϴͿ Gravel soil ;LϲͿ Moraine soil ;LϳͿ Gravel soil ;LϭͿ Moraine soil ;LϭϮͿ 

 
ϯϮϳ days before CLZ application  

;ϭϯ.Ϭϲ.ϮϬϭϰͿ 
 

ϯϮϳ days before CLZ application  
;ϭϯ.Ϭϲ.ϮϬϭϰͿ 

 
ϭ day after CLZ injection  

;ϭϯ.Ϭϲ.ϮϬϭϰͿ 
 

ϭ day after CLZ injection  
;ϭϯ.Ϭϲ.ϮϬϭϰͿ 

 
ϯϮϳ days before DPC application  

;ϭϯ.Ϭϲ.ϮϬϭϰͿ 
 

ϯϮϳ days before DPC application  
;ϭϯ.Ϭϲ.ϮϬϭϰͿ 

 
ϮϵϮ days before CLZ application  

;ϭϴ.Ϭϳ.ϮϬϭϰͿ 
 

ϮϵϮ days before CLZ application  
;ϭϴ.Ϭϳ.ϮϬϭϰͿ 

 
ϯϲ days after CLZ injection  

;ϭϴ.Ϭϳ.ϮϬϭϰͿ 
 

ϯϲ days after CLZ injection  
;ϭϴ.Ϭϳ.ϮϬϭϰͿ 

 
ϮϵϮ days before DPC application  

;ϭϴ.Ϭϳ.ϮϬϭϰͿ 
 

ϮϵϮ days before DPC application  
;ϭϴ.Ϭϳ.ϮϬϭϰͿ 
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Ϯϯϴ days before CLZ application  

;ϭϬ.Ϭϵ.ϮϬϭϰͿ 
 

Ϯϯϴ days before CLZ application  
;ϭϬ.Ϭϵ.ϮϬϭϰͿ 

 
ϵϬ days after CLZ injection  

;ϭϬ.Ϭϵ.ϮϬϭϰͿ 
 

ϵϬ days after CLZ injection  
;ϭϬ.Ϭϵ.ϮϬϭϰͿ 

 
Ϯϯϴ days before DPC application  

;ϭϬ.Ϭϵ.ϮϬϭϰͿ 
 

Ϯϯϴ days before DPC application  
;ϭϬ.Ϭϵ.ϮϬϭϰͿ 

 
Corn harvesting, Ϯϯϴ days before 

CLZ application 
 ;ϭϬ.Ϭϵ.ϮϬϭϰͿ 

 
Corn harvesting, Ϯϯϴ days before 

CLZ application 
 ;ϭϬ.Ϭϵ.ϮϬϭϰͿ 

 
Corn harvesting, ϵϬ days after 

CLZ injection 
 ;ϭϬ.Ϭϵ.ϮϬϭϰͿ 

 
Corn harvesting, ϵϬ days after 

CLZ injection  
;ϭϬ.Ϭϵ.ϮϬϭϰͿ 

 
Corn harvesting, Ϯϯϴ days before 

DPC application 
 ;ϭϬ.Ϭϵ.ϮϬϭϰͿ 

 
Corn harvesting, Ϯϯϴ days before 

DPC application 
 ;ϭϬ.Ϭϵ.ϮϬϭϰͿ 

 
ϲ days before CLZ application  

;ϯϬ.Ϭϰ.ϮϬϭϱͿ 
 

ϲ days before CLZ application  
;ϯϬ.Ϭϰ.ϮϬϭϱͿ 

 
ϯϮϮ days after CLZ injection  

;ϯϬ.Ϭϰ.ϮϬϭϱͿ 
 

ϯϮϮ days after CLZ injection  
;ϯϬ.Ϭϰ.ϮϬϭϱͿ 

 
ϲ days before DPC application  

;ϯϬ.Ϭϰ.ϮϬϭϱͿ 
 

ϲ days before DPC application  
;ϯϬ.Ϭϰ.ϮϬϭϱͿ 

 
ϵ days after CLZ application  

;ϭϱ.Ϭϱ.ϮϬϭϱͿ 
 

ϵ days after CLZ application  
;ϭϱ.Ϭϱ.ϮϬϭϱͿ 

 
ϯϯϳ days after CLZ injection 

 ;ϭϱ.Ϭϱ.ϮϬϭϱͿ 
 

ϯϯϳ days after CLZ injection  
;ϭϱ.Ϭϱ.ϮϬϭϱͿ 

 
ϵ days after DPC application  

;ϭϱ.Ϭϱ.ϮϬϭϱͿ 
 

ϵ days after DPC application  
;ϭϱ.Ϭϱ.ϮϬϭϱͿ 
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Figure Sϯ: Changes with time in the vegetation cover of the lysimeters with CLZ application ;left panelsͿ, the lysimeters with CLZ injection ;middle panelsͿ and the lysimeters with DPC 
application ;right panelsͿ  

 
ϭϰ days after CLZ application  

;ϮϬ.Ϭϱ.ϮϬϭϱͿ 
 

ϭϰ days after CLZ application  
;ϮϬ.Ϭϱ.ϮϬϭϱͿ 

 
ϯϰϮ days after CLZ injection  

;ϮϬ.Ϭϱ.ϮϬϭϱͿ 
 

ϯϰϮ days after CLZ injection  
;ϮϬ.Ϭϱ.ϮϬϭϱͿ 

 
ϭϰ days after DPC application  

;ϮϬ.Ϭϱ.ϮϬϭϱͿ 
 

ϭϰ days after DPC application  
;ϮϬ.Ϭϱ.ϮϬϭϱͿ 

 
ϰϰ days after CLZ application  

;ϭϵ.Ϭϲ.ϮϬϭϱͿ 
 

ϰϰ days after CLZ application  
;ϭϵ.Ϭϲ.ϮϬϭϱͿ 

 
ϯϳϮ days after CLZ injection  

;ϭϵ.Ϭϲ.ϮϬϭϱͿ 
 

ϯϳϮ days after CLZ injection  
;ϭϵ.Ϭϲ.ϮϬϭϱͿ 

 
ϰϰ days after DPC application  

;ϭϵ.Ϭϲ.ϮϬϭϱͿ 
 

ϰϰ days after DPC application  
;ϭϵ.Ϭϲ.ϮϬϭϱͿ 

 
ϭϱϰ days after CLZ application  

;Ϭϳ.ϭϬ.ϮϬϭϱͿ 
 

ϭϱϰ days after CLZ application  
;Ϭϳ.ϭϬ.ϮϬϭϱͿ 

 
ϰϴϮ days after CLZ injection  

;Ϭϳ.ϭϬ.ϮϬϭϱͿ 
 

ϰϴϮ days after CLZ injection  
;Ϭϳ.ϭϬ.ϮϬϭϱͿ 

 
ϭϱϰ days after DPC application  

;Ϭϳ.ϭϬ.ϮϬϭϱͿ 
 

ϭϱϰ days after DPC application  
;Ϭϳ.ϭϬ.ϮϬϭϱͿ 
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III.ϯ. Analytes breakthrough and recovery 
 
Table Sϲ: Observed breakthrough parameters and recoveries for chloridazon ;CLZͿ, desphenylchloridazon ;DPCͿ, bromide 
;BRͿ, and uranine ;URͿ in the six lysimeters used in this study. Time and cumulative drainage values correspond to days 
passed and millimeters accumulated since application or injection, respectively. Maximum concentrations are shown as 
the absolute and normalized by the applied or injected mass ;C/MappliedͿ values. Details about the calculation of analyte 
recovery can be found on section II.ϵ. Note that bromide was only applied in lysimeters with DPC application. DPC data 
are also shown for lysimeters with CLZ application or injection for comparison ;in greyͿ. Ύ: incomplete series, bql: below 
quantification limit ;Ϭ.Ϭϱ ђg/L for UR and ϭϬ ђg/L for BRͿ. Details about analytical methods for determining tracer 
concentrations can be found in Torrentó et al.ϱ 

DPC surface application 
gravel soil ;LϭͿ moraine soil ;LϭϮͿ 

DPC BR UR DPC BR UR 

time of first arrival ;dͿ ϭϯϳ Ϭ͘Ϯ bql ϭϱ Ϭ͘ϰ Ϭ͘ϰ 
time of peak concentration ;dͿ ϱϲϲ ϭϴϬ bql ϰϮϱ ϯϱϰ Ϭ͘ϰ 
maximum concentration ;ђgͬLͿ ϵϳ ϭϭϴϬϮϬ bql ϴ͘ϯ ϱϳϰϬϬ bql 

maximum concentration, CͬMapplied ϵ͘ϳEͲϬϱ ϵ͘ϳEͲϬϭ Ͳ ϴ͘ϮEͲϬϲ ϰ͘ϳEͲϬϭ Ͳ 
cumulative drainage at peak 

concentration ;mmͿ ϰϱϴ ϮϲϬ Ͳ ϯϬϯ Ϯϲϵ Ͳ 

time of total recovery ;dͿ ϵϯϬ ϯϱϮΎ ϱϲϲ ϵϯϵ ϯϱϰΎ ϰϮϱ 
total recovery ;йͿ ϱ͘ϵ ϰϳ͘ϯΎ Ϭ͘ϬϬϭ Ϭ͘ϯ ϭϬ͘ϱΎ Ϭ͘ϬϬϮ 

 No early breakthrough No early  breakthrough 

CLZ surface application 
gravel soil ;LϰͿ moraine soil ;LϴͿ 

CLZ DPC UR CLZ DPC UR 

time of first arrival ;dͿ ϱϵϱ ϰϮϳ bql ϰϮϱ ϰϮϱ Ϭ͘ϭ 

time of peak concentration ;dͿ ϱϵϱ ϴϰϳ bql ϰϮϱ ϴϴϵ Ϭ͘ϭ 
maximum concentration ;ђgͬLͿ Ϭ͘Ϭϵ ϭϳ͘Ϯ bql Ϭ͘Ϯϯ ϱ͘ϲϰ ϯ͘ϱϱ 

maximum concentration, CͬMapplied ϵ͘ϲEͲϬϴ Ͳ Ͳ Ϯ͘ϰEͲϬϳ Ͳ ϴ͘ϳEͲϬϲ 
cumulative drainage at peak 

concentration ;mmͿ ϯϮϳ ϰϭϰ Ͳ ϭϲϵ ϯϯϭ ϰ 

time of total recovery ;dͿ ϵϯϭ ϵϯϭ ϱϲϴ ϵϰϬ ϵϰϬ ϰϰϬ 
total recovery ;йͿ Ϭ͘ϬϬϭ Ϭ͘ϱ Ϭ͘ϬϬϬ Ϭ͘ϬϬϰ Ϭ͘ϭ Ϭ͘ϭϮϭ 

 No early  breakthrough Early  breakthrough͗ UR 

CLZ depth injection 
gravel soil ;LϲͿ moraine soil ;LϳͿ 

CLZ DPC UR CLZ DPC UR 

time of first arrival ;dͿ Ϭ͘Ϯ ϭ͘ϭ Ϭ͘Ϯ Ϭ͘Ϯ ϲ͘ϭ Ϭ͘Ϯ 

time of peak concentration ;dͿ ϮϳϬ ϰϵϱ ϭϭ Ϯϲϲ ϳϱϲ Ϭ͘Ϯ 
maximum concentration ;ђgͬLͿ ϮϯϮ͘ϵ ϰϲϵ͘ϳ ϮϮ͘Ϭϳ ϵϳ͘Ϭ ϰϴϱ͘ϭ ϯϵ͘ϴϴ 

maximum concentration, CͬMapplied ϭ͘ϮEͲϬϰ Ͳ ϱ͘ϰEͲϬϱ ϰ͘ϴEͲϬϱ Ͳ ϵ͘ϴEͲϬϱ 
cumulative drainage at peak 

concentration ;mmͿ ϭϲϲ ϯϮϱ ϱϯ ϭϴϯ ϰϳϰ ϴ 

time of total recovery ;dͿ ϭϮϱϵ ϭϮϱϵ ϯϮϬΎ ϭϮϭϳ ϭϮϭϳ ϯϮϬΎ 
total recovery ;йͿ ϯ͘ϰ ϭϵ͘ϴ Ϭ͘ϴΎ Ϯ͘Ϭ Ϯϭ͘Ϯ ϭ͘ϮΎ 

 Early  breakthrough͗ CLZ, 
DPC, UR Early  breakthrough͗ CLZ, UR 
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Figure Sϰ: Breakthrough curves for chloridazon ;CLZͿ, desphenylchloridazon ;DPCͿ, bromide ;BRͿ and uranine ;URͿ in the 
six lysimeters used in this study. 
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Figure Sϱ. DPC, CLZ, bromide ;BrͿ, uranine ;URͿ recoveries against cumulative drainage for the six combinations of application method and soil type. Note that each lysimeter is shown in 
two different plots with different scales, as recoveries were in general much higher for bromide than for DPC, CLZ and uranine 
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III.ϰ. Soil Analysis 
 

Table Sϳ: Concentration measurements of chloridazon and desphenylchloridazon residues within the first soil layers; the 
limit of quantification ;LOQͿ was Ϭ.Ϭϱ mg/kg for CLZ and DPC; measurement uncertainty is shown as ϵϱ й confidence 
interval ;ϵϱ й CIͿ 

Lysimeter CLZ 
΀mg/kg ц ϵϱ й Cl΁ 

DPC 
΀mg/kg ц ϵϱ й Cl΁ 

Lϭ na Ϭ͘ϬϴϮ ц Ϭ͘Ϭϰϭ 
LϭϮ na Ϭ͘ϭϴ ц Ϭ͘Ϭϵ 
Lϲ фLOQ фLOQ 
Lϳ фLOQ фLOQ 
Lϰ фLOQ Ϭ͘Ϭϴϭ ц Ϭ͘Ϭϰϭ 
Lϴ фLOQ Ϭ͘ϭϮ ц Ϭ͘Ϭϲ 

 
 
 
 
III.ϱ. Elemental-Analyzer Isotope Ratios 
 

Table Sϴ: Isotope ratios of ϭϯC and ϭϱN of chloridazon and desphenylchloridazon applied to the lysimeters determined by 
EA-IRMS; measurement uncertainty is shown as standard deviation ;SDͿ of nсϱ measurements 

Compound δϭϯC ц SD ΀к΁ δϭϱN ц SD ΀к΁ 
Desphenylchloridazon Ͳϭϳ͘ϴϰ ц Ϭ͘Ϭϱ Ͳϯ͘ϴϭ ц Ϭ͘Ϭϰ 
Chloridazon ͲϮϳ͘ϰϯ ц Ϭ͘ϬϮ Ͳϱ͘ϳϬ ц Ϭ͘Ϭϯ 
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III.ϲ. Chloridazon Depth Injection 
 

 
 

Figure Sϲ: Lysimeters with CLZ injection in depth ;a single injection in June ϮϬϭϰ at a depth of ϰϬ cmͿ:  Lϲ in gravel soil ;left 
panelsͿ and Lϳ in moraine soil ;right panelsͿ. aͿ Daily irrigation ;black barsͿ and cumulative drainage ;grey lineͿ, b-dͿ 
Concentration of CLZ ;green circlesͿ, DPC ;blue diamondsͿ and MDPC ;black trianglesͿ, eͿ metabolite-to-parent compound 
molar ratio of DPC/CLZ ;black hexagonͿ, fͿ Carbon ;black diamondsͿ and nitrogen  ;red diamondsͿ isotope ratios of DPC, 
and nitrogen isotope values of MDPC ;red trianglesͿ , error bars show the associated uncertainties ;цϬ.ϱ к for carbon, 
цϭ.Ϭ к for nitrogen isotope analysis; or when exceeding this uncertainty, standard deviations of triplicate measurements 
are given, EA isotope values of the injected CLZ is shown as a line within the accepted standard deviation ц σ shown as a 
dashed line in the corresponding color; gͿ metabolite-to-parent compound molar ratio of MDPC/DPC ;black diamondsͿ, 
hͿ season corresponding to the time since injection – spring ;green horizontal linesͿ, summer ;red vertical linesͿ, autumn 
;yellow dotsͿ, winter ;blue diagonal linesͿ; the grey dashed lines repeated in each sub-figure represent the start of a new 
year.  
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III.ϳ. Nitrogen Isotope Ratios of DPC and MDPC 
 

Table Sϵ: Nitrogen isotope ratio of DPC and their corresponding MDPC isotope values of lysimeter Lϭ; measurement 
uncertainty is shown as standard deviation ;SDͿ of triplicate measurements 

Sample Date δϭϱN DPC ц SD ΀к΁ δϭϱN MDPC ц SD ΀к΁ �δϭϱN ΀к΁ 
Ϯϯͬϭϭͬϭϲ ͲϬ͘ϵ ц Ϭ͘ϱ Ͳϱ͘ϯ ц Ϭ͘ϯ Ͳϰ͘ϰ 
ϬϵͬϬϯͬϭϳ Ͳϭ͘Ϯ ц Ϭ͘Ϯ Ͳϰ͘ϵ ц ϭ͘Ϭ Ͳϯ͘ϳ 
ϬϱͬϬϱͬϭϳ Ͳϭ͘Ϭ ц Ϭ͘ϭ Ͳϱ͘Ϯ ц Ϭ͘ϵ Ͳϰ͘Ϯ 

 

Table SϭϬ: Nitrogen isotope ratio of DPC and their corresponding MDPC isotope values of lysimeter LϭϮ; measurement 
uncertainty is shown as standard deviation ;SDͿ of triplicate measurements 

Sample Date δϭϱN DPC ц SD ΀к΁ δϭϱN MDPC ц SD ΀к΁ �δϭϱN ΀к΁ 
ϬϱͬϬϳͬϮϬϭϲ Ͳϭ͘Ϯ ц Ϭ͘ϯ Ͳϴ͘ϱ ц Ϭ͘ϳ Ͳϳ͘ϯ 
ϬϵͬϬϯͬϮϬϭϳ ͲϮ͘ϳ ц Ϭ͘ϭ Ͳϴ͘Ϭ ц ϭ͘ϰ Ͳϱ͘ϯ 

 

Table Sϭϭ: Nitrogen isotope ratio of DPC and their corresponding MDPC isotope values of lysimeter Lϲ; ; measurement 
uncertainty is shown as standard deviation ;SDͿ of triplicate measurements; for one sample only a single measurement 
was possible, indicated by a missing standard deviation 

Sample Date δϭϱN DPC ц SD ΀к΁ δϭϱN MDPC ц SD ΀к΁ �δϭϱN ΀к΁ 
ϮϭͬϬϱͬϭϱ Ͳϳ͘ϯ ц Ϭ͘ϰ Ͳϲ͘ϳ ц Ϭ͘ϴ Ͳϭ͘ϭ 
ϮϯͬϬϲͬϭϱ  Ͳϳ͘ϭ ц Ϭ͘ϰ Ͳϰ͘ϯ ц ϭ͘ϯ Ͳϭ͘Ϭ 
ϮϭͬϬϯͬϭϲ  Ͳϲ͘ϲ ц Ϭ͘ϱ Ͳϭϭ͘ϵ ц Ϭ͘ϱ Ͳϱ͘ϴ 
ϮϴͬϬϰͬϭϲ  Ͳϰ͘Ϯ Ͳϭϭ͘ϴ ц Ϭ͘ϭ Ͳϲ͘ϲ 
ϬϵͬϬϲͬϭϲ  Ͳϱ͘ϰ ц Ϭ͘ϴ ͲϭϬ͘ϴ ц Ϭ͘ϰ Ͳϰ͘ϱ 
ϬϱͬϬϳͬϭϲ  Ͳϲ͘ϯ ц Ϭ͘ϰ ͲϭϮ͘ϰ ц Ϭ͘ϯ Ͳϲ͘ϴ 
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