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Abstract: Accurate and reliable analytical methods are fundamental to ensuring the validity and
reproducibility of scientific results, particularly in research involving trace-level contaminants in
biological samples. While standardized methods regulated by official guidelines are commonly used

in certified laboratories, research laboratories often rely on in-house or self-developed non-standard
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methods tailored for specific studies. These methods, however, frequently lack harmonized validation
criteria, especially regarding accuracy evaluation. Traditionally, method accuracy is assessed through
single performance indicators such as recovery, relative standard deviation (RSD), or bias. These
indicators, although useful, may vary widely in their interpretation and offer limited insight into
overall method performance, particularly when comparing between laboratories or over different
concentration ranges. To address these limitations, the Société Francaise des Sciences et Techniques
Pharmaceutiques (SFSTP) introduced the accuracy profile approach. This method integrates both
trueness and precision using a statistical model to generate B-expectation tolerance intervals, al-
lowing a visual and comprehensive representation of whether an analytical method meets predefined
acceptance criteria across multiple concentration levels. Unlike traditional evaluations, which may
obscure marginal performance failures, the accuracy profile provides a single, unified framework
that simplifies interpretation and decision-making. In this study, we applied the SFSTP accuracy
profile approach to validate a high performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS) method for quantifying 20 urinary phenols. Method performance was assessed at
three concentration levels (low, medium, and high) and the results were compared with con-
ventional validation methods. The intra-batch RSD values ranged from 2.8% to 10.7%, and inter-batch
RSD values ranged from 3.3% to 14.4%. The pooled intermediate precision RSD ranged from 4.9%
to 16.6%, indicating acceptable reproducibility. Relative errors were between -25.3% and 13.0%,
According to traditional evaluation using single parameters, the accuracy of all 20 phenol mea-
surements met standard criteria. However, accuracy profile analysis revealed that only 13 phenols,
such as bisphenol AF and bisphenol B, had B-expectation tolerance intervals entirely within the +30%
acceptance limits across all tested concentration levels. The remaining seven phenols, including
benzylparaben and benzophenone-8, exceeded acceptable limits at low or medium concentrations,
suggesting areas for method optimization. In conclusion, this study demonstrates that the HPLC-MS/
MS method provides reliable quantitative results for the majority of tested urinary phenols. More
importantly, the SFSTP accuracy profile offers a superior alternative to conventional validation
methods by combining accuracy parameters and risk analysis into a coherent, statistically sound
framework. This approach enables researchers to clearly identify the strengths and weaknesses of
analytical methods without increasing experimental complexity or cost. Its advantages in stan-
dardization, interpretability, and decision-making support its broader adoption for validating non-
standard methods in research and applied laboratories.

Keywords: accuracy assessment; B-expectation tolerance intervals; urinary phenols; high per-

formance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS)
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spray ionization, ESI) &5 & £ & I W U A% =X (mul-
tiple reaction monitoring, MRM) #1740 . & 1
UL B R 250 C, BN HLE O 3 000 V, 25 16X
J&J17 29 MPa. HARFRIESHOLE 1.

1 BRYKNEBEF. FEFRAULEMAIERE

Table 1 Precursor ions, product ions and optimized colli-
sion energies of the target analytes

Com- Precur- Quantification Qualification
sor ion
pound .\ Q3(m/z) CE/eV Q3 (m/z) CE/eV
MeP 151.0 92.0 22 136.0 14
EtP 165.0 92.0 15 137.0 12
PrP 178.9 91.8 21 137.0 19
BuP 192.9 91.8 19 136.0 15
BzP 227.0 92.0 18 136.1 10
HeP 235.0 92.0 31 135.9 25
BPA 227.0 133.0 27 210.9 20
BPAF 334.7 265.0 20 / /
BPAP 289.0 273.9 20 / /
BPB 241.2 211.7 21 223.0 21
BPF 198.8 93.0 21 104.9 21
BPP 345.0 328.9 37 315.0 41
BPS 248.9 108.0 27 91.7 33
BPZ 266.9 173.1 29 223.1 33
BP-1 213.0 134.9 21 91.0 22
BP-2 245.0 135.0 15 109.1 18
BP-3 227.1 211.1 20 167.0 20
BP-8 243.1 123.1 15 93.1 19
4-HBP 197.1 92.1 33 169.2 31
TCS 287.0 35.1 9 / /
MeP-"C,  156.8 98.1 20 142.0 16
BPA-d,, 2411 142.1 30 222.0 26
BP-3-d, 2320 214.7 20 / /
TCS-d,  291.9 35.1 9 / /

CE: collision energy. MeP: methyl 4-hydroxybenzoate;
EtP: ethyl 4-hydroxybenzoate; PrP: propyl 4-hydroxybenzoat;

BuP: butyl 4-hydroxybenzoate; BzP: benzyl 4-hydroxybenzo-

ate; HeP: heptyl 4-hydroxybenzoate; BPA: bisphenol A; BPAF':
bisphenol AF; BPAP: bisphenol AP; BPB: bisphenol B; BPF:
bisphenol F; BPP: bisphenol P; BPS: bisphenol S; BPZ: bisphe-
nol Z; BP-1: 2,4-dihydroxy benzophenone; BP-2: 2,2’ ,4,4'-tet-
rahydroxy benzophenone; BP-3: 2-hydroxy-4-methoxybenzophe-
non; BP-8: 2,2’-dihydroxy-4-methoxy benzophenone-dihydroxy-
4-methoxy benzophenone; 4-HBP: 4-hydroxy benzophenone;
TCS: triclosan.

2.3 BIREFE

B 200 pL PRIEFEAS, A — % &5 (19 N bR T AE
WA TAER W IEIR A, T 37 CARIUF TR
o WEE SERUS , ARSI 500 pL R T,
WHEIR A, I T 4 T .15 000 r/min 4144 F & .0 10

min, B FZ2HEVAFERE ZE EP & . WA RN E
B LRAEBOE B, BRI R R AU A IR b i
KAEWOR . WA )5 WA P T 40 T M &0
WA e as 258 & T . BJE imA 200 wL 1 80%
RS KIS, I BEIR S, AR R . PR B4
4 °C .15 000 r/min #.0> 3 min, W& FIER, % AN
A G, 0T 5 2209 HPLC-MS/MS 731 4%
WF 58 © R4S 11 28 30 K 27 5 27 B Bt I8 i 48 1% Bt 8
PEZE 51 23t (XHEC-C-2013-001) o H A 5256 37 i
S R R 0I5 k2 S0 (SCEk[14]) .
2.4 HiEAE

% H] Minitab17.1.0 % f (Minitab 2w , 3% & )
PEAT BOHE Ak BN GE 343 Hr o

3 HR5R

31 ITEHENEMEXR

PLas R A BE S5, B i) 7 AN [ o 32 ) s 1
W R M TAEME I RL . &40
#£ 0.5~100 ng/mL 135 Bl N 315 T B 45 19 24kt ¢
L HEZRBCN 0,991 0~0.999 7( WL 2), /T LI F
Ji 5 B T B R AR
32 BEEITM

MR 2% B 1A (2) ~(9) 75K P 5 3
AN B KR, 20 R R DU T ik B HHE 9 AL (]
RSD 43 51 N 2.8%~10.7% 1 3.3%~14.4%, & /& )5 1
RS % % RSD N 4.5%~16.6%( WL 3) ., Al LLFE
i RSD R 5T 20%, 1 B % 05 2 10 1 2 MG
Fb 55 1 3 o
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22 30(10) ~C12) 3H8 AR b o 3 vk UK
SR, 20 B RR B K I 5k B A X iR 25 R -25.3%~
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ng/mL) i AH X} 1% 22 8 -25.3%, @ & I B H Al 1L &
W 8240 S W AEAROK T T AT RE AR AE R Ge Pk KA
(R . AT R T DR A 9 R J 0 0 1 R B S - Al
s H b5 Ak G P 09 A% 18] 05 % a8, X FE DL LC-MS/MS
Shy RS 7 T A B R R A W W B AR v A 2R
AE "7, Matuszewski 25" B WF 5T 8 L, 7E B
FHB ST R FEE R EES 5 K E T
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Table 2 Linear ranges, regression equations and correla-
tion coefficients (r’) of the 20 urinary phenols

R3 0MERBIMAENEZE
Table 3 Precisions of the analytical method for the 20 uri-
nary phenols

com- Linear range/ Regression equation 7
pound (ng/mL)
MeP 0.5-100 Y=-0.00001+0.07106X 0.9992
EtP 0.5-100 Y=0.02151X 0.9991
PrpP 0.5-100 ¥Y=-0.00002+0.02935X 0.9975
BuP 0.5-100 ¥Y=-0.00003+0.03704X 0.9924
BzP 0.5-100 Y=0.23230X 0.9919
HeP 0.5-100 Y=0.1130+0.3901X 0.9911
BPA 0.5-100 ¥Y=0.000003+0.009441X 0.9987
BPAF 0.5-100 Y=0.9156X 0.9995
BPAP 0.5-100 Y=0.1639X 0.9989
BPB 0.5-100 Y=0.01625X 0.9989
BPF 1.0-100 Y=0.000038+0.000256X 0.9988
BPP 0.5-100 Y=-0.00002+0.01452X 0.9943
BPS 0.5-100 Y=0.4319X 0.9985
BPZ 0.5-100 ¥Y=0.00004+0.03775X 0.9997
BP-1 0.5-100 ¥Y=0.1073+0.3812X 0.9994
BP-2 0.5-100 Y=0.2479+0.4954X 0.9991
BP-3 1.0-100 =-0.000105+0.003505X  0.9985
BP-8 0.5-100 =-0.00004+0.06278X 0.9910
4-HBP 0.5-100 ¥Y=0.04842+0.07528X 0.9994
TCS 0.5-100 ¥Y=-0.00005+0.02946X 0.9990

Y: peak area ratios of phenols to internal standards; X:
mass concentration ratios of phenols to internal standard.

(1% B AR AU 2 BPA AR PEAT 1 GE , AT RE L
EE VR 11 B T W /1 K SRS ) ) I N (T4 s 2y 101
TR BE DU E R R G ARAN o R, R ORAE T
Ak R 2 ik — 2B 3 iR BzP [ AR BUMCR | HE 6
N7 RS 28 P A B e A O BB 0 i T i LUEIE .
3.4 HEWEITMH
3401 EAEEA

20 (13) ~(15) 35 72K b s 3 VR K
S, 20 B LR B R DU 5 9 G AE XL TR 2508 5.6%~
30.9%, fir KM EEIR 22 K 10.3%~53.0%( W& 4) . %
J7 15 6 AN [) e B KT 9 AH X 0 22 5 [R] — Wk B K
ST A S S5 R R KR 22 %% DA G (R=0.839,
p<0.000 1) (WL 2) . 20 Fl R By (9 A1 XF B 22 W
95% 11 45 H v 1E T 12 32 PR (70%~130%) P9 ( U 3
4) W1 F W O T 0 B AR HE R B AT . e Ah L 3R 4
78 BPA £ 1 ng/mL B (9 FHXF L 1% 22 8 29.6%, 4%
I 30% 1Y AT 42 52 R o R W %8 22 1 3k F) 53.0%.
BBIRAZ A FATIAE T 42 32 30 Bl (B HG i (B R AR
HHIZ 7 TR AR AR MR FE 7K R 6F BPA B4R 00 o 14k 2
i — R AN KU

Intra-batch Intermediate
R Inter-batch RSDs/%
Com RSDs/% fer-bate S RSDs/%
pound — B N * 0 B B N B
10 50 1 10 50 1 10 50

MeP 3.7 3.6 3.7 8.9 6.3 33 97 73 49
EtP 46 3.8 3.5 8.5 7.2 35 97 82 49
PrP 69 3.8 3.8 7.3 6.8 7.3 10.1 7.8 8.2
BuP 44 37 4.0 3.9 6.4 58 56 74 7.0
BzP 4.1 3.7 4.0 3.9 6.4 58 56 74 170
HeP 52 2.8 4.5 7.0 3.5 58 87 45 7.4
BPA 83 538 5.4 144 7.4 50 16.6 94 74
BPAF 4.8 43 5.4 6.3 7.0 56 79 82 178
BPAP 64 69 4.4 5.6 8.2 49 85 107 6.6
BPB 35 5.6 6.2 7.3 6.8 5.1 81 8.8 8.1
BPF 34 89 7.5 8.7 10.8 9.0 93 141 11.7
BPP 62 53 5.5 8.7 7.1 7.3 107 89 9.1
BPS 33 4.7 4.1 5.7 8.0 84 65 93 94
BPZ 79 6.0 5.1 8.7 7.9 7.6 11.8 9.9 9.1
BP-1 64 5.7 7.0 8.1 9.1 9.7 10.3 10.8 11.9
BP-2 44 55 7.9 6.2 8.4 7.3 7.6 10.1 10.7
BP-3 75 6.5 7.1 8.9 7.8 11.8 11.7 10.1 13.7
BP-8 51 55 107 5.8 7.3 9.5 7.7 9.1 144
4-HBP 3.6 4.1 5.9 6.3 7.9 8.8 7.2 89 10.6
TCS 48 34 4.0 6.7 5.4 3.6 97 73 49

*ng/mL.
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Fig.2 Correlation between relative total error at differ-
ent concentration levels and maximum observed
error
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Table 4 Relative errors, precisions, relative total errors, and maximum observed errors of the method for the 20 urinary

phenols

Intermediate precision Maximum observation

Relative error/% Relative total error/%

Com- (RSDs/%) error/%
pound

1 ng/mL 10 ng/mL 50 ng/mL 1 ng/mL 10 ng/mL 50 ng/mL I ng/mL 10 ng/mL 50 ng/mL 1 ng/mL 10 ng/mL 50 ng/mL
MeP -10.7 3.6 2.5 9.7 7.3 4.9 20.3 10.8 75 26.8 15.5 13.8
EtP -2.9 -3.1 -0.7 9.7 8.2 4.9 12.6 11.3 5.6 18.7 16.2 10.3
PrP -0.7 3.7 0.7 10.1 7.8 8.2 10.7 11.5 8.9 23.7 16.7 18.3
BuP -12.3 9.2 -1.8 5.6 7.4 7.0 17.9 16.6 8.9 26.2 24.1 12.4
BzP -25.3 1.0 -2.5 5.6 7.4 7.0 30.9 8.4 9.5 37.5 16.7 14.8
HeP 8.0 -4.1 -2.5 8.7 4.5 7.4 16.7 8.6 9.9 24.9 11.7 17.3
BPA 13.0 1.3 2.9 16.6 9.4 7.4 29.6 10.7 10.3 53.0 24.3 14.9
BPAF -0.8 2.0 0.8 7.9 8.2 7.8 8.7 10.2 8.6 17.5 17.8 17.4
BPAP -0.7 7.0 1.8 8.5 10.7 6.6 9.2 17.7 8.4 18.5 30.8 16.2
BPB -5.9 0.8 0.1 8.1 8.8 8.1 14.0 9.6 8.1 20.3 21.9 18.7
BPF -18.3 -5.4 -2.1 9.3 14.1 11.7 27.6 19.4 13.8 34.2 29.4 27.7
BPP 10.9 7.0 1.3 10.7 8.9 9.1 21.6 15.8 10.4 33.9 24.4 23.0
BPS -24.3 -15.9 0.6 6.5 9.3 9.4 30.8 25.2 10.0 38.5 27.5 21.7
BPZ 3.9 7.1 3.1 11.8 9.9 9.1 15.7 17.0 12.2 29.2 29.7 17.8
BP-1 5.0 4.4 -2.2 10.3 10.8 11.9 15.3 15.2 14.2 36.6 25.5 20.9
BP-2 -9.9 -22 0.1 7.6 10.1 10.7 17.5 12.3 10.9 25.8 18.8 19.7
BP-3 3.6 6.3 4.4 11.7 10.1 13.7 15.3 16.4 18.2 32.6 40.0 27.1
BP-8 -22.9 -6.5 -0.3 7.7 9.1 14.4 30.7 15.7 14.7 34.9 21.0 30.0
4-HBP -14.7 -6.9 5.1 7.2 8.9 10.6 21.9 15.8 15.8 29.5 25.3 23.5
TCS -10.7 3.6 2.5 9.7 7.3 4.9 20.3 10.8 7.5 29.4 12.9 13.0

x5 20MEREANES EHL-FIFXiE
Table 5 B-Content tolerance intervals of the analytical method for 20 urinary phenols

Average mass concen-
Com. tration of measurement B-Tolerance interval/(ng/mL) B-Tolerance interval/%
pound results/(ng/mL)

10 50 1 ng/mL 10 ng/mL 50 ng/mL 1 ng/mL 10 ng/mL 50 ng/mL
ng/mL ng/mL ng/mL

MeP 0.89  10.36  51.27 [0.70, 1.08] [8.95, 11.77] [46.81, 55.73] [-29.76, 8.43] [-10.53, 17.66] [-6.39, 11.45]
EtP 0.97 9.69  49.66 [0.71, 1.08] [8.77, 11.94] [46.79, 55.74] [-21.62, 15.78] [-18.93, 12.71] [-9.63, 8.27]
PrP 0.99  10.37 50.34 [0.81, 1.18] [8.86, 11.87] [42.40, 58.28] [-19.15, 17.85] [-11.41, 18.74] [-15.21, 16.56]
BuP 0.88  10.92  49.09 [0.78,0.98] [9.49,12.35] [42.45,55.73] [-22.50, -2.01]  [-5.09, 22.35] [-15.10, 11.46]
BzP 0.75  10.10  48.75 [0.65,0.85] [8.66, 11.53] [42.11,55.39] [-35.49, -15.00] [-13.37, 15.27] [-15.78, 10.77]
HeP 1.08 9.59 4875 [0.92, 1.24] [8.75,10.43] [41.87,55.62] [-8.36, 24.36] [-12.53, 4.34] [-16.26, 11.24]
BPA 1.13  10.13 5143 [0.81, 1.45] [8.37, 11.88] [44.72,58.15] [-19.20, 45.19] [-16.33, 18.84] [-10.56, 16.29]
BPAF 099 1020 5041 [0.84, 1.14] [8.63, 11.77] [43.27, 57.54] [-15.54, 14.03] [-13.70, 17.68] [-13.46, 15.09]
BPAP 099 1070 50.89 [0.84, 1.15] [8.71, 12.69] [44.81, 56.96] [-15.92, 14.54] [-12.89,26.87] [-10.37, 13.92]
BPB 0.94 10.08 50.02 [0.78,1.10] [8.45,11.71] [42.78,57.27] [-21.86, 10.09]  [-15.50, 17.06] [-14.43, 14.53]
BPF 0.82 9.46  48.97 [0.63, 1.00] [6.86, 12.07] [38.10, 59.83] [-36.63, 0.14] [-31.43,20.69] [-23.79, 19.66]
BPP 111 1070 50.65 [0.91, 1.31] [9.02, 12.37] [42.05, 59.24] [-9.26, 31.08] [-9.77, 23.69] [-15.89, 18.48]
BPS 0.76 8.41 5031 [0.63,0.88] [6.62,10.20] [41.07, 59.56] [-36.59, -11.63] [-33.83, 2.05] [-17.85, 19.11]
BPZ 1.04 1071  51.55 [0.82, 1.26] [8.84, 12.58] [42.85, 60.26] [-17.83,25.57]  [-11.63, 25.77] [-14.30, 20.52]
BP-1 1.05  10.44  48.88 [0.85,1.25] [8.29,12.59] [37.88,59.89] [-15.26,25.16]  [-17.09, 25.92] [-24.25, 19.79]
BP-2 0.90 9.78  50.07 [0.75,1.05] [7.77,11.78] [40.57,59.56] [-24.91, 5.12] [-22.30, 17.83] [-18.85, 19.11]
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Table 5 (Continued)
Average mass concen-
tration of measurement B-Tolerance interval/(ng/mL) B-Tolerance interval/%
Com- results/(ng/mL)
pound
! 10 50 1 ng/mL 10 ng/mL 50 ng/mL I ng/mL 10 ng/mL 50 ng/mL
ng/mL ng/mL ng/mL & ° & & & &
BP-3 1.04 10.63  52.22 [0.81, 1.26] [8.67, 12.59] [39.10, 65.33] [-19.10, 26.29] [-13.34,25.93] [-21.79, 30.66]
BP-8 0.77 9.35 49.83 [0.62,0.92] [7.55,11.15] [36.86, 62.80] [-37.99, -7.88] [-24.51, 11.48] [-26.29, 25.61]
4-HBP  0.85 9.31 52.56  [0.71, 1.00] [7.52, 11.10] [42.43, 62.70] [-29.27, -0.05] [-24.84,11.01] [-15.15, 25.40]
TCS 0.85 10.24 5090 [0.69, 1.01] [8.97, 11.50] [46.04, 55.77] [-31.10, 1.39] [-10.33, 15.04] [-7.92, 11.54]
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Fig. 3 Accuracy curves of the 20 urinary phenols
--(black) : acceptance limit; —(red) : S-upper and lower limits of the tolerance interval; --(blue) : relative error; «(deep red): rela-

tive error of individual measurements.
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