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Additional information on the calculation of the validation parameters 

 
Limit of Detection (LOD) was calculated as 3 x intercept error on the slope of the calibration curve for samples. It 

was calculated over 12 days in accordance with [1].  
 
Limit of quantitation (LOQ) is the smallest concentration at which the analyte can be quantified reliably, with an 

observed bias and imprecision smaller than an acceptable maximal deviation set at 20 %. The LOQ was calculated by 
multiplying the LOD with a factor of 3. 

 
Precision  
The method precision was determined by analyzing in quintuplicate, five levels of EBC QC, and five different EBC 

QC (corresponding to the intra-day precision). This measurement was repeated three non-consecutive days over a two-
week period (corresponding to the inter-day precision), as described in the FDA/ICH guidelines [2]. The precision were 
examined as the intra-day precision (repeatability) and the inter-day precision (intermediate precision) following an 
ANOVA-based variance decomposition and expressed as relative standard deviation (% RSD) values (equation (1)). 

Method precision = √Srଶ ൅ Sbଶ (1) 

Repeatability (Sr) (% RSD) was calculated as square root of the repeatability variance corresponding to the sum of 
daily variances divided by the number of days (equation (2)). 𝑆𝑟ଶ ൌ ∑ ௌ௜మ೙೔సభ௡   (2) 

where Siଶ is the daily variance, n the number of days. 
 
 

The intermediate precision (Sb) (% RSD) was calculated as the square root of the inter-daily variance corresponding 
as the mean of the daily variances minus the repeatability variance divided by the number of replicates (equation (3)). Sbଶ ൌ 𝑠ሺ𝑧𝚤ഥ ሻଶ െ 𝑆𝑟ଶ𝑟  (3) 

 
where, sሺzıഥሻଶ is the variance of daily averages, r the number of replicates. 
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Matrix effects  
The matrix effect was evaluated by comparing the slopes of the calibration curves obtained in water and in EBC, 

using QC samples across different analytical batches. An unpaired t-test was used for statistical comparison. A p value 
of 0.05 was used as the cut-off for significance. 

Recovery rate 
The recovery rate was calculated as the mean of quintuplicate QC solutions obtained on the validation process 

divided by the expected concentration values for each level (n=5). The recovery rate was expressed as percentage values 
(% RR) [2] (equation (4)) 

Recovery rate % = ୮୰ୟୡ୲୧ୡୟ୪ ୡ୭୬ୡୣ୬୲୰ୟ୲୧୭୬ ୕େ ୟ୲ ୪ୣ୴ୣ୪ ୧୘୦ୣ୭୰ୣ୲୧ୡୟ୪ ୡ୭୬ୡୣ୬୲୰ୟ୲୧୭୬ ୕େ ୟ୲ ୪ୣ୴ୣ୪ ୧ * 100%   (4) 

Accuracy 
Accuracy was calculated as the relative back calculated concentrations (evaluated from the calibration curve), with 

respect to their targeted concentrations (expressed in percentage of variation from the targeted concentration) with an 
acceptance limits of bias set at 20 % [3].  

Storage 
The stability of the MDA-DNPH derivative at room temperature (23 °C) was studied by reanalyzing samples kept 

in the auto-sampler after 24 or 48h. QC solutions and non-spiked EBC sample were also re-analyzed after 8 months 
storage at - 80 °C. 
 
Uncertainty  
Quantification of the uncertainty components at LOQ (209 pg/ml):  
Based on validation data, three major contributions to uncertainty and their relative uncertainties are listed in the table 
below : 

Description Value x Standard 
uncertainty u(x) 

Relative standard 
uncertainty 

u(x)/x 

Comments 

Bias/recovery 0.924  0.037a 0.040 Based on validation data (n=15) 
Precision 1.0 0.11b 0.110 Based on validation data (n=15) 

Purity 1.0 0.023c 0.023 Indication on the bottle    
  

utotal (x) 0.11  
Coverage factor (95%) 2  
Expanded uncertainty 0.23  

 
a : In the validation procedure, a value of 92,4 % was found with a deviation standard (s) of 13 %. The standard 
uncertainty was calculated as : s /√𝑛.  
b : the standard uncertainty was calculated as the combination of repeatability and intermediate precision. 
c : the standard uncertainty was calculated as 4% of impurity (given by the producer) divided by √3 (rectangular 
distribution). 
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Figure S1. Validation sequence in three different days. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. Effect of the reaction temperature on the MDA-DNPH formation as a function of time. The small box represents the vari-
ation of the MDA concentration at 20°C over a period of 24 hours 
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Figure S3. Contribution of the acid type on the signal of MDA-DNPH in procedural blanks. The error bars correspond to the stand-
ard deviation of five measurements. Comparisons were made by one-way ANOVA followed by Tukey’s test (*p<0.05; **p<0.005). 
AcOH: acetic acid; ACN: acetonitrile. 
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(a) 

 

(b) 

Figure S4. Effects of the added DNPH concentration expressed in mM on a) the peak area of MDA-DNPH b) the peak area of 
MDA-d2-DNPH for a standard solution at 35 ng/ml. The error bars correspond to the standard deviation of three measurements. 

 

Figure S5. Effect of MDA-d2 concentration on the peak area of MDA-DNPH. For a standard solution at 0 ng/ml. The error bars 
correspond to the standard deviation of four measurements. 
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Figure S6. Stacked bar graph representing the percentage of values per participant below the LOD (light blue), between the LOD 
and LOQ (blue) and above the LOQ (dark blue). 
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