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Supplementary Methods 

Sample collection 

First morning urine samples were collected between 3-6 am (before workers go to the fields). Samples 

were aliquoted into BD Vacutainer tubes with boric acid (2.63mg/mL boric acid, 3.95mg/mL sodium 

borate and 1.65mg/mL sodium formate) for metal and metalloid analysis, and without boric acid for 

pesticide and mycotoxin analysis. Aliquots were kept at 4ºC for up to 4 hours prior to transfer to the 

Contaminant Laboratory at CISTA and stored at -20ºC. At the end of the fieldwork, all samples were 

shipped in dry ice to the Department of Renal Medicine, University College London, and stored at  

-80ºC until further analysis. Analysis of blank tubes showed that there was no interference from the 

preservative for the analytes determined in this study. 

 

Metal and metalloid analysis 

Metals and metalloids were analysed in 350 samples from visit 1 and 291 samples from visit 2 by 

Inductively-Coupled Plasma - Mass Spectrometry (ICP-MS) at the Health and Safety Executive 

(HSE) Laboratory, Buxton, UK. Aluminium (Al), arsenic (As), cadmium (Cd), cobalt (Co), copper 

(Cu), chromium (Cr), manganese (Mn), lead (Pb), selenium (Se), silicon (Si) and strontium (Sr) were 

measured using Thermo IcapQ ICPMS. Mercury (Hg) was determined on a Thermo X series II 

ICPMS. 
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Urine samples were defrosted at room temperature and mixed on a rotary mixer for a minimum of 20 

min. Samples and quality control samples were diluted 1:20.  A multi-element standard of Al, As, Cd, 

Co, Cu, Cr, Mn, Pb, Se was used to make calibration standards (range 0.01-10 μg/L) and these were 

prepared on a daily basis for the analysis.  

 

Cr, Se and Mn were determined in cell gas mode with (at 3.4 mL/min helium) with all other elements 

determined using normal mode.  Quality Control (QC) materials were also analysed: urine certified 

reference Biorad Level 1 (Lypocheck Biorad Laboratories) and Clinchek Level 1 and 2. Limits of 

detection (LOD) for measuring Al (0.48 µg/L), As (0.008 µg/L), Cd (0.0004 µg/L), Co (0.0007 µg/L), 

Cr (0.07 µg/L),  Cu (0.005 µg/L), Mn (0.01 µg/L), Hg (0.016 µg/L), Pb (0.001 µg/L), Se (0.02 µg/L), 

Si (5.27 µg/L) and Sr (0.007 µg/L). HSE successfully participates in an external quality assurance 

schemes in the UK and Germany (UK-NEQAS, Guildford, UK and G-EQUAS, University Erlangen-

Nuremberg, Germany). Urinary creatinine was used for normalization of element concentrations. 

 

Levels of metals and metalloids were compared with thresholds reported in studies in Belgian, 

Canadian and Mexican populations (1–4). No studies proposing acceptable urinary Si concentrations 

were found in the literature.  

 

Pesticide, OTA and CIT analysis 

Exposures were measured in all the samples of participants with declining kidney function and a 

number of age-, community- and occupation- matched individuals from the stable group.  

 

Pesticide analyses 

Fifty-seven samples from visit 1 and 46 samples from visit 2 were analysed at Lund University 

(Sweden). Urinary concentrations of pesticide metabolites were analysed using three analytical 

methods. Pesticides included in method 1:  3,5,6-trichloro-2-pyridinol, a metabolite of the 

organophosphate insecticide chlorpyrifos (TCP); the phenoxy acid herbicides 2,4-

dichlorophenoxyacetic acid (2,4-D) and 4-chloro-2-methylphenoxy acetic acid (MCPA); 3-

phenoxybenzoic acid (3-PBA) and sum of cis/trans 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane 
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carboxylic acid (DCCA), metabolites of pyrethroid insecticides (e.g. permethrin, cypermethrin, 

deltamethrin, cyfluthrin); 4-fluoro-3-phenoxybenzoic acid (4F3PBA), a metabolite of the pyrethroid 

insecticide cyfluthrin; chloro-3,3,3-trifluoro-1-propen-1-yl-2,2-dimethylcyclopropanecarboxylic acid 

(CFCA)  a metabolite of the pyrethroid insecticide bifenthrin; 3-hydroxy-pyrimetanil (OH-PYR), a 

metabolite of the fungicide pyrimethanil; hydroxy-tebuconazole, related to metabolism of fungicide 

tebuconazole (TEB-OH), and 5-hydroxy-tiabendazole (5-OH-TBZ) are related to metabolism of 

fungicides thiabendazole. Pesticide included in method 2:  Metabolite of dithiocarbamate fungicides, 

ethylenethiourea (ETU). Pesticide included in method 3: N-(phosphonomethyl) glycine (glyphosate), 

a systemic herbicide known with the trade name Roundup.  

 

Method 1: Urine samples were analysed according to a modified method (5). Briefly, the samples 

were de-conjugated using β-glucuronidase/arylsulphatase and prepared using solid phase extraction. 

Quantitative analysis was conducted using liquid chromatography-triple quadrupole linear ion trap 

mass spectrometer, (LC-MS/MS; QTRAP 5500; AB Sciex, Foster City, CA, USA). Limits of 

detection (LOD) for measuring CFCA, TCP, 2,4-D, MCPA, 3PBA, DCCA, 4F3PBA, OH-PYR and 

TEB-OH, were 0.10 ng/mL and for 5-OH-TBZ 0.05 ng/mL. The laboratory is part of an inter-

laboratory control program for TCP and 3-PBA.  

 

Method 2: Urine samples were analysed according to Ekman et al. (6). Briefly, the samples were 

hydrolysed using alkaline conditions. Quantitative analysis was conducted using a two-dimensional 

liquid chromatography system connected to the MS/MS as above. The LOD for measuring ETU was 

0.1 μg/L. 

 

Method 3: Urine samples were analysed according to a modified method by Jensen et al. (7). Briefly, 

the samples were acidified and quantified using the LC-MS/MS system as above. The LOD for 

measuring glyphosate was 0.1 μg/L. Urinary creatinine was used for normalization of concentrations 

for all pesticide metabolites. 

 

OTA and citrinin (CIT) analysis 
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Fifty-seven samples from visit 1 and 46 samples from visit 2 were analysed at the National Institute of 

Health Dr. Ricardo Jorge, Portugal. A procedure based on QuEChERS (Quick, Easy, Cheap, 

Effective, Rugged, Safe) and previously described by Vidal et al. was used for sample preparation (8). 

Briefly, 2 mL urine were aliquoted into a 50 mL centrifuge tube, OTA-13C20  (Ochratoxin A 10 μg/mL, 

Sigma) was added at 20 µg/L, and mixed with 18 mL acetonitrile/water/formic acid (53:44:3, v/v/v; 

LC-MS grade; Merck, Darmstadt, Germany). MgSO4 (4 g; Sigma) and NaCl (1 g; Sigma) were added 

and vigorously mixed by hand, vortex/mixed then shaken for 10 min in a rotary shaker. After 

centrifugation (3,000 x g, 5 min), 5 mL organic layer was evaporated to dryness under nitrogen at 

40°C. The residue was dissolved in 0.5 mL injection solvent (H2O/ACN, 85:15, v/v), filtered (0.22 

µm, PVDF, Millipore®), transferred to UHPLC vials for LC-MS/MS analysis, and 10 µL sample  

injected into the UHPLC system (9). 

 

Sample analysis was performed in an Acquity UHPLC system coupled to a TQD mass spectrometer 

(Waters®, Milford, MA, USA). MassLynx™ version 4.1 and QuanLynx® version 4.1 (Waters®, 

Milford, MA, USA) were used for data acquisition and processing. Quantification was carried out 

with an internal matrix-matched calibration with spiked blank urine samples.  

 

LOD and limit of quantification (LOQ) were considered as the signal-to-noise ratio (S/N), which 

should be more than 3 and 10, respectively. All these results were in agreement with the criteria 

outlined in the Commission Regulation (EC) No. 657/2002 and showed that the analytical method 

applied is adequate for urinary mycotoxin biomarker analysis.  

 

Urinary Creatinine analysis 

Urinary creatinine in all samples was measured using the Jaffe reaction. Fifty microliters of each 

standard (0-20 mg/dL) and sample (1:20 dilution) were placed in individual wells of a 96-well plate 

(Corning), in duplicate. A creatinine quality control sample (HSE; 03-12 certified range 5.88-6.48 

mmol/L), provided by the HSE, was run in duplicate each time to verify the accuracy of the method. 

Subsequently, 100 μL alkaline picrate reagent (0.13% picric acid, 1M NaOH5:1) was added to each 

well. Plates were incubated for 30 min at room temperature and optical density (OD) at 492 nm was 
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measured (Biochrom EZ Read 400 Microplate Reader). The concentration of each sample was 

corrected by the dilution factor and converted from mg/dL to mmol/L by multiplying by the 

conversion factor of creatinine (0.088) before analysis. 

 

Statistical analyses 

Data analysis was performed before and after creatinine correction and log transformation of the 

values of each sample to achieve a normal distribution across the data. Descriptive analysis for the 

different function groups was undertaken. Differences in exposures between eGFR trajectory groups 

were analysed in men only as only a small number of women experienced rapid decline. Data were 

analysed using IBM SPSS Statistics version 25 with significance threshold set at p=0.05. Unpaired 

student’s t-test was used to test the null hypothesis that there were no differences in the parameter of 

interest and the kidney function status of the male and female participants separately.  

 

Calculation of the effect size for the assessment of the power of the effect of the different kidney 

groups was performed using G*power 3.0.10. Post hoc power calculation was performed assuming an 

80% power and α error probability of 0.05 to detect an effect of > 0.8 Standard Deviation (SD) for 

pesticide metabolites (sample size of 25 from the stable group versus 25 from the declining group) 

and an effect of > 0.59 SD for the metal and metalloid urine analysis (sample size of 213 from the 

stable group versus 25 from the declining group). 
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Element 

This Study (Men) 

Visit 1 (n=263) 

This Study (Men) 

Visit 2 (n=231) 
Morton 2014 Hoet 2013 

NHANES 

4th report 

Data 2015-16  

(for Mexican Americans) 

Median Median Median 95th percentile Median 95th percentile Median 95th percentile 

Al 
360.6 µmol/mol 

(86.1 µg/g) 

232.7 µmol/mol 

(55.6 µg/g) 

17.7 µmol/mol 

(4.2 µg/g) 

215.2 µmol/mol 

(51.4 µg/g) 

8.5 µmol/mol 

(2.0 µg/g) 

31.4 µmol/mol 

(7.5 µg/g) 
- - 

As total 
120.0 µmol/mol 

(79.6 µg/g) 

83.1 µmol/mol 

(55.1 µg/g) 

19.1 µmol/mol 

(12.7 µg/g) 

254.4 µmol/mol 

(168.7 µg/g) 

20.7 µmol/mol 

 (13.7 µg/g) 

208.1 µmol/mol 

(138.0 µg/g) 

3.6 µmol/mol 

(2.4 µg/g) 

17.5 µmol/mol 

(11.6 µg/g) 

Cd 
0.3 µmol/mol  

(0.3 µg/g) 

0.3 µmol/mol 

(0.3 µg/g) 

0.2 µmol/mol 

(0.1 µg/g) 

0.6 µmol/mol 

(0.6 µg/g) 

0.2 µmol/mol 

(0.2 µg/g) 

0.8 µmol/mol  

(0.8 µg/g) 

0.1 µmol/mol 

(0.1 µg/g) 

0.5 µmol/mol 

(0.5µg/g) 

Co 
0.9 µmol/mol  

(0.5 µg/g) 

0.8 µmol/mol 

(0.4 µg/g) 

0.5 µmol/mol 

(0.3 µg/g) 

2.5 µmol/mol 

(1.3 µg/g) 

0.4 µmol/mol 

(0.2 µg/g) 

1.7 µmol/mol 

(0.9 µg/g) 

0.3 µmol/mol 

(0.1 µg/g) 

0.8 µmol/mol 

(0.4 µg/g) 

Cr 
0.8 µmol/mol  

(0.4 µg/g) 

0.7 µmol/mol 

(0.3 µg/g) 

0.9 µmol/mol 

(0.4 µg/g) 

2.9 µmol/mol 

(1.3 µg/g) 

0.2 µmol/mol 

(0.1 µg/g) 

0.6 µmol/mol (0.3 

µg/g) 
- - 

Cu 
16 µmol/mol  

(9.0 µg/g) 

12.5 µmol/mol 

(7.0 µg/g) 

18.7 µmol/mol 

(10.5 µg/g) 

35.4 µmol/mol 

(19.9 µg/g) 

12.43 µmol/mol 

(7.0 µg/g) 

21.0 µmol/mol 

(11.8 µg/g) 
- - 

Hg 
0.1 µmol/mol  

(0.2 µg/g) 

0.1 µmol/mol 

(0.2 µg/g) 

0.4 µmol/mol 

(0.7 µg/g) 

1.4 µmol/mol 

(2.5 µg/g) 

0.17 µmol/mol 

(2.5 µg/g) 

0.95 µmol/mol 

(1.7 µg/g) 
<LOD 

1.2 µmol/mol 

(2.1 µg/g) 

Mn 
3.3 µmol/mol  

(1.6 µg/g) 

2.5 µmol/mol 

(1.2 µg/g) 
<LOQ 

1.5 µmol/mol 

(0.7 µg/g) 
<LOD 

0.84 µmol/mol 

(0.4 µg/g) 
<LOD 

0.3 µmol/mol 

(0.1 µg/g) 

Pb 
0.3 µmol/mol  

(0.6 µg/g) 

0.3 µmol/mol 

(0.6 µg/g) 

0.3 µmol/mol 

(0.6 µg/g) 

4.1 µmol/mol 

(7.5 µg/g) 

1.0 µmol/mol 

(1.8 µg/g) 

1.2 µmol/mol 

(2.2 µg/g) 

0.6 µmol/mol 

(1.0 µg/g) 

2.2 µmol/mol  

(4.1 µg/g) 

Se 
23.9 µmol/mol  

(16.7 µg/g) 

19.8 µmol/mol 

(13.8 µg/g) 

21.7 µmol/mol 

(15.2 µg/g) 

42.2 µmol/mol 

(29.5 µg/g) 

30.9 µmol/mol 

 (21.6 µg/g) 

47.7 µmol/mol 

(33.3 µg/g) 
- - 

Si 
179.9 mmol/mol 

(44.7 µg/g) 

165.6 mmol/mol 

(41.2 µg/g) 
- 

Sieniawska 2012 

Men  

62.9 µmol/mol 

 (15.6 µg/g) 

Women  

72.1 µmol/mol 

 (17.9 µg/g) 

 

- - - - 

Sr 
282.8 µmol/mol 

(219.3 µg/g) 

191.7 µmol/mol 

(148.6 µg/g) 

140.0 µmol/mol 

(108.6 µg/g) 

490.0 µmol/mol 

(379.9 µg/g) 
- - 

75.5 µmol/mol 

(58.5 µg/g) 

220.2 µmol/mol 

(170.7 µg/g) 

Supplementary Table 1. Comparison of the elemental concentrations from this study with published data from American and European populations. 
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Figure S1. Selected log-transformed creatinine-corrected urinary metal concentrations in women 

at visit 1 and visit 2 stratified by kidney function trajectory. No tests of significance were performed 

due to the low numbers in the declining group. A. Arsenic (As) levels. The dotted line represents the 

upper limits as characterised for a Mexican American population (20). B. Cadmium (Cd) levels. The 

dotted line represents the upper limits as characterised for Belgian and UK populations (18,19). C. Lead 

(Pb) levels. The dotted line represents the upper limits as characterised for a Belgian population (18). 

D. Mercury (Hg) levels. The dotted line represents the upper limits as characterised for a Belgian 

population (18). Number of samples visit 1: 87 and visit 2: 78 of which 3 belong to the declining eGFR 

trajectory group. 

 

Figure S2. Selected log-transformed creatinine-uncorrected urinary metal concentrations in men 

at visit 1 and visit 2 stratified by kidney function trajectory. A. Arsenic (As) levels. The dotted line 

represents the upper limits as characterised for a Mexican American population (20). p=0.63 and p=0.79 

for differences between stable and declining groups using Student’s t-test at visit 1 and visit 2 

respectively. B. Cadmium (Cd) levels. The dotted line represents the upper limits as characterised for 

Belgian and UK populations (18,19). p=0.65 and p=0.38 for differences between stable and declining 

groups using Student’s t-test at visit 1 and visit 2 respectively. C. Lead (Pb) levels. The dotted line 

represents the upper limits as characterised for a Belgian population (18). p=0.26 and p=0.48 for 

differences between stable and declining groups using Student’s t-test at visit 1 and visit 2 respectively. 

D. Mercury (Hg) levels. The dotted line represents the upper limits as characterised from a Belgian 

population (18). p=0.35 and p=0.69 for differences between stable and declining groups using Student’s 

t-test at visit 1 and visit 2 respectively. Number of samples from visit 1: 263 and visit 2 : 213, of which 

25 belong to the declining eGFR trajectory group.  

Figure S3. Selected log-transformed creatinine-uncorrected urinary metal concentrations in 

women at visit 1 and visit 2 stratified by kidney function trajectory. A. Arsenic (As) levels. The 

dotted line represents the upper limits as characterised for a Mexican American population (20). B. 

Cadmium (Cd) levels. The dotted line represents the upper limits as characterised for Belgian and UK 
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populations (18,19). C. Lead (Pb) levels. The dotted line represents the upper limits as characterised for 

a Belgian population (18). D. Mercury (Hg) levels. The dotted line represents the upper limits as 

characterised for a Belgian population (18). Number of samples visit 1: 87 and visit 2: 78 of which 3 

belong to the declining eGFR trajectory group. No tests of significance were performed due to low 

numbers in the declining group. 

 

Figure S4. Selected log-transformed creatinine-corrected urinary pesticide and pesticide 

metabolites concentrations in women at visit 1 and visit 2 stratified by kidney function trajectory. 

A. 2,4 D levels. B. Levels of 3-PBA, metabolite of various pyrethroides. C. Levels of DCCA, metabolite 

of various pyrethroides. D. Levels of TCP, metabolite of organophosphates. Number of samples visit 

1: 87 and visit 2: 78 of which 3 belong to the declining eGFR trajectory group. No tests of significance 

were performed due to low numbers in the declining group. 

 

Figure S5. Selected log-transformed creatinine-uncorrected urinary pesticides and pesticide 

metabolites concentrations in men at visit 1 and visit 2 stratified by kidney function trajectory. 

A. 2,4 D levels. p=0.63 and p=0.56 for differences between stable and declining groups using Student’s 

t-test at visit 1 and visit 2 respectively. B. Levels of 3-PBA, metabolite of various pyrethroides. p=0.48 

and p=0.25 for differences between stable and declining groups using Student’s t-test at visit 1 and visit 

2 respectively. C. Levels of DCCA, metabolite of various pyrethroides. p=0.87 and p=0.56 for 

differences between stable and declining groups using Student’s t-test at visit 1 and visit 2 respectively. 

D. Levels of TCP, metabolite of organophosphates. p=0.68 and p=0.28 for differences between stable 

and declining groups using Student’s t-test at visit 1 and visit 2 respectively. Number of samples from 

visit 1: 50 and visit 2 : 40, of which 25 belong to the declining eGFR trajectory group.  

Figure S6. Selected log-transformed creatinine-uncorrected urinary pesticides and pesticide 

metabolites concentrations in women at visit 1 and visit 2 stratified by kidney function trajectory. 

A. 2,4 D levels. B. Levels of 3-PBA metabolite of various pyrethroides. C. Levels of DCCA metabolite 

of various pyrethroides. D. Levels of TCP metabolite of organophosphates. Number of samples visit 1: 
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87 and visit 2: 78 of which 3 belong to the declining eGFR trajectory group. No tests of significance 

were performed due to low numbers in the declining group. 
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