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Text S1. Statistical analyses.  

Preliminary data pretreatment was performed before conducting basic descriptive 

statistics: values <LOD = LOD/2, values <LOQ = LOQ/2, removal of variables (pesticides) with low 

detection frequencies (<30%). In total, 25 compounds were considered for statistical analysis. 

All variables except the pesticides pendimethalin, chlorpyrifos, diuron, and terbuthylazine, 

presented positively skewed distributions (with positive asymmetry coefficients), especially in the 

case of 2,4-D, propanil, acetamiprid, imidacloprid, and azinphos ethyl (asymmetry coefficient >2) 

(Table 5). Positively skewed distributions have a long right tail and the median of the data falls well 

below the mean value. In our study, this is attributed to a large proportion of small concentration 

values and only a few high concentrations within each pesticide variable.  

 

Pairwise correlation of pesticide concentrations  

Pairwise correlations coefficients were calculated using the Spearman’s Rank correlation 

test, as the variables under consideration were not normally distributed. Table S6 summarizes the 

results obtained, where strong (>│0.4│) and significant (α=0.05) correlations have been 

highlighted. All correlations above │0.5│ were found to be statistically significant. The highest 

significant correlations were ranked (Figure S1) and a network plot of the correlations observed 

(Figure S2) was elaborated to better evaluate those pesticides or pesticide classes that were 

strongly correlated.  

As shown in Figures S1 and S2, the herbicides MCPA (phenoxy-carboxylic acid) and 

propanil (anilide), two of the pesticides found at the highest concentrations in this study, are 

strongly positively correlated. This could be explained by their extensive use in rice-crops in the 
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investigated area, as they present different mode of action, propanil, like bentazone, acts as a 

photosynthesis inhibitor, while MCPA inhibits auxin synthesis. These herbicides were negatively 

correlated with triazine herbicides like terbuthylazine and cybutryne, and the carbamate herbicide 

triallate. Thus, terbuthylazine and triallate may be more commonly applied in crops other than rice 

in the area, while cybutryne is no longer approved for use and residual concentrations may be 

released from the sediments/soils from past use as an antifouling paints for ships and boats. 

Strong positive correlations were also found between banned pesticides (chlorfenvinphos + 

diazinon, chlorfenvinphos + terbutryn, or diazinon + terbutryn). All of them present a Log Kow 

above 3.6, and thus, a high tendency to sorb onto soil and sediment particles, and a GUS index 

above 1.5. Thus, their presence in the area could result from leaching of these particles. The 

herbicide triallate showed a high correlation with cybutryne and chlorpyrifos. While the 

correlation with cybutryne is difficult to explain, since its use is banned, that with chlorpyrifos, an 

organophosphate insecticide used to control foliage and soil-borne insect pests in a variety of 

crops, especially in corn and other cereal fields, could be explained by the simultaneous 

application of these two pesticides.  
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Figure S1. Ranking of the highest correlated variables obtained.   

 

 

ACET: acetamiprid, AZET: azinophos ethyl, BENZ: bentazone, CLOFV: chlorfenvinphos, CLOPF: chlorpyrifos, 
CLORT: chlortoluron, DIAZ: diazinon, DCOF: dicofol, DIFLU: diflufenican, DIUR: diuron, IMID: imidacloprid, 
CYBUT: cybutryne, METCARB: methiocarb, METCLOR: metolachlor, MOLIN: molinate, OXADZ: oxadiazon, 
PENDI: pendimethalin, PROP: propanil, SIMZ: simazine, TERBZ: terbuthylazine, TBTR: terbutryn, TICLOPR: 
thiacloprid, TRIDM: triadimefon, TRIAL: triallate. 
Figure S2. Network plot of the correlation dataframe.  
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Principal component analysis (PCA)  

Principal-component analysis (PCA) was used to extract useful information from the data, 

e.g., to investigate multivariate correlations between the concentrations of the different 

pesticides, and identify their geographical distributions 1. After PCA, the original variables 

(loadings) are reduced to several uncorrelated orthogonal variables (principal components or PC), 

which are used to calculate new orthogonal axes where the samples (scores) are represented and 

in which the explained data variance is shown in a decreasing order. Thus, the loadings identify the 

chemical composition of the main sources of the data variance, and the scores describe the 

contribution of these sources in the investigated samples, enabling sample mapping of these 

sources and description of the distribution of potential spatial contamination patterns. Before 

applying PCA, data were autoscaled by mean-centering and division the standard deviation of the 

corresponding variable to reduce potential collinearity problems 2. 

Four principal components (PCs) explained 65 % of the total data variance (Table S7). 

Therefore, these four were selected to describe the main spatial variation trends of pesticide 

concentrations in the Ebro Delta during the main rice-growing season. The variable loadings and 

sampling site scores list for the four first PCs are shown in the main manuscript in Figures X and X, 

respectively. To try to relate these PCs with pesticide pollution patterns, biplots were also built, 

including only pesticide variables (Figure S3). The magnitude of the vectors (lines) shows the 

strength of their contribution to each PC. Vectors pointing in similar directions indicate positively 

correlated variables, vectors pointing in opposite directions indicate negatively correlated 

variables, and vectors at approximately right angles indicate low or no correlation. Finally, PCA 

biplots are provided in Figure S4. 

                                                             
1
 Joliffe, I.T., 1986. Principal-component analysis. Springer, New York. https://doi.org/10.1007/978-1-4757-1904-8 

 
2
 Massart, D.L., Vanderginste, B.G.M., Buydens, L.M.C., de Jong, S., Lewi, P.J., Smeyers Verbeke, J., 1997. Handbook of 

chemometrics and qualimetrics: parts A and B. Elsevier, Amsterdam. https://doi.org/10.1021/ci980427d 

https://doi.org/10.1007/978-1-4757-1904-8
https://doi.org/10.1021/ci980427d
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Figure S3.  Contribution of each pesticide to the different PC. 
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Figure S4.  PCA biplots of the investigated samples along a) PC1 and PC2 and b) PC3 and PC4. 
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PCA loadings enable characterization of the main patterns of contamination by pesticides in the 

Ebro Delta. Overall, a diffuse contamination pattern is explained by the different PCs, as many 

pesticides contribute to each.  PC1 explains 27% of the total variance, and describes a 

contamination pattern ruled by the presence of azinphos ethyl, chlorfenvinphos, diazinon, 

diflufenican, imidacloprid, methiocarb, MCPA, propanil, terbutryn (all of them with positive 

loadings), and chlorpyrifos, cybutryne, and triallate (negative loadings). According to PC1 scores, a 

contamination pattern mainly coming from rice-growing fields, due to the presence of MCPA and 

propanil was observed in the Alfacs bay (especially in ACD1, one of the sites with the highest 

pesticide loadings in this bay, and to a minor extent, in other locations of the bay (ACD2, ACD3 and 

ACD4)) and exceptionally in FCD1 in the Fangars bay (positive scores), while triallate, cybutryne, 

and chlorpyrifos governed the pesticide contamination pattern in most locations in the Fangars 

bay (negative scores), which may be attributed to other agricultural activities. 

PC2, explaining 18% of the total variance, describes a contamination pattern governed by 

bentazone, dicofol, MCPA, molinate, oxadiazon, simazine (positive loadings), metolachlor, and 

terbuthylazine (negative loadings). Again, the presence of bentazone and MCPA in the 

contamination pattern may be characteristic of rice cultivation activities. This type of 

contamination was again mainly found in the Alfacs bay (drainage channels ACD4, ACD5, ACD6 and 

ACD7, and even irrigation channel ACE2), but was also characteristic of FCD4 and FCD5 in the 

Fangars bay (positive scores). In contrast, metholachlor and terbuthylazine governed the 

contamination pattern in most Fangars bay drainage (FCD1, FCD2, FCD3) and irrigation channels 

(FCE1, FCE2), but also in drainage channels ACE1 and ACD2 of the Alfacs bay. 
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The contamination pattern explained by PC3, which explained 12% of the total variance, has 

composition in which is attributed to the presence of azinphos ethyl, chlofenvinphos, diazinon, 

diuron, cybutryne, methiocarb, pendimetalin, and triallate (negative loadings) were inversely 

correlated with MCPA, thiacloprid and triadimefon (positive loadings). As in the aforementioned 

PCs, the presence of MCPA may be indicative of the rice fields as relevant pesticide source in 

Alfacs bay (ACD2, ACD6, ACE1 and ACE2), while the other pesticides, that could be transported 

into the Delta via the main river, and thus, have different sources to the one aforementioned, 

were relevant to position some locations in the Fangars bay FCD1, FCD2, FCD5 and ACD5.  

Finally, PC4 that explained only 9 % of the total variance, described a contamination pattern in 

which imidacloprid, MCPA and propanil (positive loadings) were inversely correlated with azinphos 

ethyl, bentazone, oxadiazon, simazine, and triadimefon (negative loadings). In this PC, pesticides 

used for rice cultivation are inversely correlated, which may indicate small local changes in the use 

of these pesticides. MCPA and propanil use was relevant in ACD1, ACD6 and ACE2, while 

bentazone application was predominant in other locations of the Alfacs bay (ACD2, ACD3, and 

ACD5 and in FCD3). 

 


