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1. Introduction and motivation
Organic pollutants in agricultural fields 
sourced from irrigation with treated 
effluents and pesticide application

Advanced in analytical techniques such as LC-MS, GS-MS

3. Results
• 64 compounds were detected, including nine 

pharmaceuticals and 58 pesticides, totaling 2000 detected 
data.

• Flowpath effects were highly significant (Kruskal–Wallis, p 
≪ 0.001). 

• Subsurface and stream variables obscured other flowpaths. 
• After removing subsurface flowpaths, differences among 

remaining flowpaths increased.
• Hellinger distance showed more significant distinction of 

flowpaths (original config.), dominant flowpath, and mobility 
measures (transposed set).

• Overland flow is distinct from other sub-flowpaths: primary 
and secondary ditches

2. Methods
• 64 samples across flowpaths (OF, ditches, 

subsurface, GW)
• 81 compounds (LC-MS)
• Analysis: 
• KCCA + Hellinger distance (HD) + Kruskal–Wallis 

(KW) with Dunn-Šidák.

4. Discussion and conclusion
• Flowpaths were shown to be a strong control on pollutant 

distribution within the field.

• Flowpaths structure pollutant composition more strongly 
(HD) than concentration levels (KW).

• Subsurface and stream contributions indicate integrative 
processes in time (subsurface- accumulation) and space 
(catchment integration).

• Runoff sub-flowpaths distinction implies different processes 
involved in overland flow and ditches.

• Log Kow improved discrimination within flowpaths
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Data (before centered, normalized)

AcetaminophenAcetamipridAmetryn Atrazine Atrazine-DesethylAtrazine-DesisopropylAzoxystrobinBezafibrateBoscalid CarbamazepineCarbamazepine-10,11-epoxideCarbamazepine-2-hydroxyCarbamazepine-3-hydroxyCarbamazepine-trans-10,11-dihydroxyCarbendazimCarbofuranChlorantraniliproleCyproconazoleDiazinon Diclofenac DifenoconazoleDiflufenicanDimethomorph-cis/transDiuron

EF1 N/A N/A N/A 0.84 N/A N/A 1.19 N/A 130.23 231.37 50.77 N/A N/A 3.93 1.57 N/A 7.64 N/A N/A N/A 1 0.93 N/A 98996.18

EF3 N/A N/A N/A N/A N/A N/A 0.47 N/A 51.95 39.6 7.29 N/A N/A N/A 0.86 N/A N/A N/A N/A N/A 0.48 1.86 N/A 58690.51

EF4 N/A N/A N/A N/A N/A N/A 0.18 N/A 19.43 22.72 4.1 N/A N/A N/A 0.53 N/A N/A N/A N/A N/A 0.55 1.54 N/A 32026.71

EF2 N/A N/A N/A N/A N/A N/A 1.42 N/A 98.93 62.74 10.75 N/A N/A 3.71 0.95 N/A 6.66 12.48 N/A N/A 0.73 1.37 N/A 78676.92

EF5 N/A N/A N/A 1.69 N/A N/A 2.28 N/A 302.16 101.55 14.3 N/A N/A 4.19 1.81 N/A 8.59 31.17 N/A N/A 3.05 6.26 6.17 75575.85

EF6 N/A N/A N/A 1.99 N/A N/A 4.26 N/A 137.02 101.71 24.59 4.8 N/A 4.33 1.13 N/A 21.23 12.49 N/A N/A 1.93 7.09 4.07 45957.55

EF7 N/A N/A N/A 1.08 N/A N/A 2.51 N/A 120.44 62.84 11.63 N/A N/A N/A 1.06 N/A 10.03 14.45 N/A N/A 1 4.01 4.29 78710.61

WPWF8 N/A N/A N/A 1.91 N/A N/A 1.7 N/A 30.29 80.16 8.87 N/A N/A N/A 1.08 N/A N/A N/A N/A N/A 4.95 0.83 N/A 242.88

POWF14 N/A N/A N/A N/A N/A N/A 0.66 N/A 151.62 217.58 48.21 N/A N/A 12.75 0.63 N/A 710.89 N/A N/A N/A 11.93 6585.84 N/A 109.22

WF14 N/A N/A N/A 11.84 14.87 N/A 3.68 N/A 302.28 721.16 145.86 N/A N/A 59.97 0.58 N/A 1475.69 N/A N/A N/A 9.15 6032.19 N/A 28.59

CWF15 N/A N/A N/A 3.62 13.65 19.9 9.5 N/A 134.44 303.01 61.96 N/A N/A 16.66 0.62 N/A 100.02 N/A N/A N/A 10.82 1773.94 N/A 106.66

WF10 N/A N/A N/A 4.37 6.09 13.59 2.79 N/A 29.23 20.45 3.21 N/A N/A N/A 0.59 N/A 5.73 N/A N/A N/A 2.45 5.24 N/A 203.14

2EF1 N/A 1.34 N/A N/A N/A N/A 1.21 21.61 45.65 21.31 2.57 N/A N/A N/A 10.19 N/A 5.24 N/A N/A N/A 1.24 0.38 N/A 6908.82

2EF4 N/A 1.12 N/A N/A N/A N/A 1.73 7.8 72.44 28.73 4.11 N/A N/A N/A 2.35 N/A 5.95 N/A N/A N/A 1.42 2.12 N/A 33700.01

2EF3 N/A N/A N/A N/A N/A N/A 0.74 N/A 27.71 13.54 1.88 N/A N/A N/A 0.84 N/A N/A N/A N/A N/A 0.8 0.57 N/A 19313.98

2EF2 4.25 N/A N/A N/A 23.88 N/A 1.55 N/A 54.8 28.48 4.02 N/A N/A N/A 4.39 N/A N/A N/A N/A N/A 2.65 0.86 N/A 38331.16

2EF5 N/A 0.38 N/A N/A N/A N/A 1.53 N/A 46.64 24.44 3.89 1.23 N/A N/A 3.23 N/A N/A N/A N/A N/A 2.19 2.23 N/A 30793.12

2EF6 N/A 0.61 N/A N/A N/A N/A 1.81 N/A 58.1 25.71 4.52 N/A N/A N/A 1.63 N/A 4.26 N/A N/A N/A 1.68 1.74 2.48 32982.33

I2EF6 N/A 0.48 N/A 1.04 N/A N/A 4.55 N/A 100.61 40.69 5.43 N/A N/A N/A 5.22 N/A 12.11 N/A N/A N/A 3.99 5.44 5.37 43988.93

F2EF6 N/A 0.78 N/A N/A N/A N/A 0.9 3.69 34.24 17.49 2.44 N/A N/A N/A 1.57 N/A N/A N/A N/A N/A 1.69 0.62 N/A 25395.59

2EF7 N/A 0.5 N/A N/A N/A N/A 1.26 N/A 42.57 14.72 2.4 N/A N/A N/A 1.26 N/A 4.84 N/A N/A 3.48 1.63 1.99 1.87 19526.45

2WF8 N/A N/A N/A 14.01 19.52 27.13 1.57 N/A 24.95 115.3 14.56 N/A N/A 3.28 1.58 N/A 10.35 N/A N/A N/A 6.44 0.91 N/A 2554.81

2WF9 N/A 0.47 0.51 24.12 36.8 54.15 2.86 N/A 150.19 208.27 32.03 N/A N/A 9.97 1.48 N/A 30.68 N/A N/A N/A 17.12 1.55 N/A 194.05

2WF10 N/A N/A N/A 2.45 5.12 11.33 2.43 N/A 22.67 14.11 2.05 N/A N/A N/A 0.83 N/A 5.57 N/A N/A 10.32 2.71 1.5 N/A 156.33

2WF12 N/A N/A N/A 8.02 7.76 22.53 3.63 N/A 30.23 29.01 3.62 N/A N/A N/A 0.89 N/A 5.21 N/A N/A 2.25 2.16 1.31 N/A 176.2

2OPWF14 N/A N/A N/A 2.95 N/A N/A 7.87 N/A 184.87 342.74 68.3 N/A N/A 20.72 1.24 N/A 815.72 N/A N/A N/A 9.34 2888.83 N/A 76.56

2WF15 N/A N/A N/A N/A N/A N/A 0.36 N/A 10.89 7.31 0.68 N/A N/A N/A 0.89 N/A N/A N/A N/A N/A 5.38 0.67 N/A 34.5

2WF16 6.66 1.64 N/A 7.8 14.68 18.49 2.28 14.06 99.32 490.85 92.02 N/A N/A 20.07 1.68 N/A 212.87 N/A N/A N/A 9.3 138.38 N/A 600.87

2WF17 N/A N/A N/A 6.88 18.58 30 1.5 N/A 111.21 661.81 126.4 N/A N/A 29.14 0.85 N/A 290.63 N/A N/A N/A 9.08 55.05 N/A 258.56

2WF18 N/A N/A N/A 6.58 20.68 23.8 5.04 N/A 107.5 328.71 73.78 N/A N/A 20.15 1.26 N/A 378.66 N/A N/A N/A 7.61 907.04 N/A 433.69

1WPzD N/A N/A N/A N/A N/A N/A 1.04 N/A N/A 5.91 0.51 N/A N/A N/A 0.69 N/A N/A N/A 0.37 N/A 1.69 0.17 N/A 17.87

1WPzSh N/A N/A 0.61 1.88 N/A N/A 1.32 N/A 15.41 52.24 N/A N/A N/A N/A 0.28 N/A N/A N/A 0.26 N/A 2.48 N/A N/A 26.54

1EPzD N/A N/A N/A N/A N/A N/A N/A N/A N/A 3.31 N/A N/A N/A N/A 0.34 N/A N/A N/A N/A N/A N/A N/A N/A 123.87

1EPzSh N/A N/A 0.57 N/A N/A N/A N/A N/A N/A 119.56 4.25 N/A N/A 7.55 N/A N/A N/A N/A N/A N/A N/A N/A N/A 31.49

2WPzD 7.56 0.39 N/A N/A N/A N/A 1.52 N/A 7.79 5.37 0.52 N/A N/A N/A 13.95 0.51 8.94 N/A 0.35 N/A 3.6 N/A 6.17 18.79

2WPzSh 17.34 N/A 1.25 3.79 N/A N/A 1.13 N/A 13.45 77.55 N/A N/A N/A N/A 0.73 N/A N/A N/A N/A 3.58 4.18 N/A N/A 12.64

2EPzD N/A N/A N/A N/A N/A N/A N/A N/A 6.73 10.85 N/A N/A N/A N/A 3.7 N/A N/A N/A 0.51 N/A 0.92 N/A N/A 27.55

2EPzSh N/A N/A 0.47 N/A N/A N/A N/A N/A 4.9 78.83 2.33 N/A N/A 5.8 0.26 N/A N/A N/A N/A N/A 0.53 N/A N/A 18.01

3WPzD 3.85 N/A N/A 1.26 N/A N/A 1.85 N/A N/A 6.44 N/A N/A N/A N/A 8.93 N/A N/A N/A 0.42 N/A 4.23 0.63 N/A 50.04

3WPzSh N/A N/A 0.75 2.44 N/A N/A 0.76 N/A 9.76 58.31 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 2.59 0.65 N/A 12.93

3EPzD N/A N/A 0.3 7.25 N/A N/A N/A N/A 5.97 12.12 N/A N/A N/A N/A 3.3 N/A N/A N/A 0.55 N/A 0.61 0.24 N/A 108.67

3EPzSh N/A N/A 0.55 1.18 N/A N/A N/A N/A N/A 89.06 2.75 N/A N/A 7.92 0.48 N/A N/A N/A N/A 3.25 N/A 0.65 N/A 37.42

4WPzD N/A N/A N/A N/A N/A N/A 1.33 N/A N/A 3.37 N/A N/A N/A N/A 1.3 N/A N/A N/A N/A N/A 3.62 0.62 N/A 31.99

4WPzSh N/A N/A 1.27 3.63 N/A N/A 1.26 N/A 13.85 103.84 N/A N/A N/A N/A 0.39 N/A N/A N/A N/A N/A 6.08 0.56 N/A 12.23

4EPzD N/A N/A N/A 3.78 N/A N/A 0.74 N/A N/A 8.27 N/A N/A N/A N/A 1.92 N/A N/A N/A 0.64 N/A 1.07 0.13 N/A 114.85

4EPzSh N/A N/A 0.61 0.9 N/A N/A N/A N/A 6.65 114.8 4.03 N/A N/A 7.8 N/A N/A N/A N/A N/A N/A 1.78 N/A N/A 27.07

5WPzD N/A N/A N/A 0.86 N/A N/A 1.46 N/A N/A 4.3 N/A N/A N/A N/A 1.26 N/A N/A N/A N/A N/A 2.06 0.64 N/A 34.74

5WPzSh N/A N/A 1.37 3.85 N/A N/A 1.46 N/A 17.31 119.67 N/A N/A N/A N/A 0.47 N/A N/A N/A N/A N/A 5.71 N/A N/A 13.46

5EPzD N/A N/A N/A 1.51 N/A N/A 1.56 N/A N/A 5.28 N/A N/A N/A N/A 1.41 N/A N/A N/A 0.46 N/A 2.35 N/A N/A 115.53

5EPzSh N/A N/A 0.54 N/A N/A N/A N/A N/A N/A 117.05 8.87 N/A N/A 12.34 0.33 N/A N/A N/A N/A N/A 2.02 N/A N/A 42.84

6WPzD 9.99 N/A N/A 0.62 N/A N/A 1.42 N/A N/A 5.46 N/A N/A N/A N/A 1.42 N/A N/A N/A N/A N/A 2.4 0.4 N/A 52.19

6WPzSh N/A N/A 1.29 3.87 N/A N/A 1.19 N/A 14.21 93.02 N/A N/A N/A N/A 0.22 N/A N/A N/A N/A N/A 3.7 N/A N/A 9.38

6EPzD N/A N/A N/A N/A N/A N/A 0.56 N/A N/A 2.45 N/A N/A N/A N/A 0.41 N/A N/A N/A N/A N/A 1.28 0.27 N/A 50.24

6EPzSh N/A N/A 0.4 1.04 N/A N/A N/A N/A N/A 95.18 5.22 N/A N/A 8.57 0.25 N/A N/A N/A N/A N/A 0.88 N/A N/A 22.58

3SEF010 NaN 0.011 NaN 0.024 N/A N/A NaN NaN 10.229 NaN 3.997 0.269 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.037 0.018

3SEF2030 NaN 0.01 NaN 0.02 N/A N/A NaN NaN 9.713 NaN 6.158 0.604 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.039 0.023

2SEF010 NaN 0.015 NaN 0.028 N/A N/A NaN NaN 3.199 NaN 4.279 0.364 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.043 N/A

2SEF2030 NaN 0.007 NaN 0.017 N/A N/A NaN NaN 3.227 NaN 4.508 0.459 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.042 N/A

2SWF010 NaN 0.006 NaN 0.521 0.551 0.905 NaN NaN 0.801 NaN 2.823 0.248 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.024 N/A

2SWF2030NaN 0.019 NaN 0.428 0.709 1.078 NaN NaN 0.804 NaN 3.23 0.441 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.034 N/A

SCWF15010NaN 0.004 NaN 0.145 N/A N/A NaN NaN 5.917 NaN 1.243 0.04 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.508 0.007

SCWF152030NaN 0.002 NaN 0.275 0.18 0.471 NaN NaN 7.698 NaN 4.157 0.15 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.338 N/A

SOWF14010NaN 0.01 NaN 0.082 N/A N/A NaN NaN 6.781 NaN 2.342 0.037 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 115.591 N/A

SOWF142030NaN 0.002 NaN 0.131 N/A N/A NaN NaN 7.662 NaN 4.092 0.086 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 5.467 N/A

31SEF010*NaN 0.009 NaN N/A N/A N/A NaN NaN 5.467 NaN 2.336 0.139 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.027 0.025

31SEF2030NaN 0.009 NaN N/A N/A N/A NaN NaN 5.026 NaN 3.879 0.277 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.011 0.024

21SEF010 NaN 0.01 NaN N/A N/A N/A NaN NaN 1.68 NaN 2.063 0.119 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.037 N/A

21SEF2030NaN 0.005 NaN 0.022 N/A N/A NaN NaN 1.836 NaN 4.719 0.394 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.027 N/A

21SWF010NaN 0.004 NaN 0.333 0.179 0.309 NaN NaN 19.682 NaN 2.886 0.154 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.08 N/A

21SWF2030NaN 0.003 NaN 0.562 0.589 0.661 NaN NaN 22.25 NaN 7.354 0.438 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.074 N/A

2SCWF15010NaN 0.003 NaN 0.158 N/A N/A NaN NaN 2.533 NaN 2.773 0.074 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.362 N/A

2SCWF152030NaN 0.002 NaN 0.278 0.406 1.012 NaN NaN 2.924 NaN 5.044 0.172 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 0.055 N/A

2SOWF14010NaN 0.004 NaN 0.094 N/A N/A NaN NaN 9.359 NaN 2.178 0.042 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 68.792 N/A

2SOWF142030NaN 0.004 NaN 0.12 N/A N/A NaN NaN 7.61 NaN 3.553 0.097 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN 19.293 N/A
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Transposed:

Dominant flowpath
Mobility (Log Kow,Koc, 
solubility)
Half life
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Mapping of original data into a latent space:
Φ 𝑥 : 𝑅 → ℋ                       Mapping is unknown!
 ℋ − 𝐻𝑖𝑙𝑏𝑒𝑟𝑡 𝑙𝑎𝑡𝑒𝑛𝑡  𝑠𝑝𝑎𝑐𝑒

Kernel inner product (K) captures nonlinear 
relationships between variables.                                              

              This is the Kernel trick

Linear operations in latent space correspond to 
nonlinear functions of the original variables.

The inner product produces canonical variables (Y₁, Y₂) 
that maximize correlation in latent space.

• Global significance was measured with Kruskal-Wallis  test 
• Significance within groups was estimated with KW with 

Dunn-Šidák and Hellinger Distance, separately

The dominant flowpaths are the highest 
concentration within the 90th percentile. It was 
used as one of the controls (in transposed 
configuration).

Subsurface 
removed:

Subsurface 
obscures 
flowpaths 
pattern

All significance analysis was taken over Y1  (not original data)

KCCA reveals latent structure not observable in 

the original data, revealing quantitatively the 

flowpath structure that is not apparent in the 

original data.

Take home message:

Kernel CCA (KCCA) framework
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