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Method

WEI Yanli "
(Shaoguan Keyuan Water Quality Testing Co., Lid., Shaoguan 512000, China)

Abstract [ Objective] To accurately determine the content of the potent carcinogen benzo(a) pyrene (BaP) in water (finished
water and surface water) using solid-phase exiraction coupled with high-performance liquid chromatography-fluorescence detection
(SPE-HPLC-FLD) , and to systematically evaluate the uncertainty introduced throughout the entire measurement process. Analyze the
contribution of uncertainty components from each operational step to the total measurement deviation, standardize experimental
procedures , reduce the magnitude of uncertainty in BaP measurement, and enhance the accuracy and reliability of experimental result.
[ Methods|] Based on the national standard method, water samples were enriched and purified by solid-phase extraction. BaP was
separated by HPLC, detected via fluorescence, and quantified by external standard method. Uncertainty was evaluated for the entire
measurement process according to national metrological specifications. [ Results] At a 95% confidence interval with a coverage factor
k=2, the measured result for spiked finished water and surface water samples were (8. 18+1.08) ng/L and (8.24+1.08) ng/L,
respectively. The expanded uncertainty for both sample types was +1.08 ng/L. [ Conclusion ] The measurement instruments and
preparation of standard solutions are the key sources dominating measurement uncertainty, collectively accounting for over 60% of the
total. Although sample pretreatment and standard curve fitting contribute less significantly, they still require attention in low-

concentration quantification. The uncertainty introduced by repetitive measurements is relatively minor. To effectively reduce overall
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uncertainty, priority should be given to using more precise measurement instruments and higher-accuracy ( smaller tolerance) class A

volumetric glassware, strictly controlling laboratory temperature variations [e. g., (20+1)°C],

rigorously implementing regular

verification/ calibration and intermediate checks of measuring tools, and enhancing the training and assessment of standardized

operations for laboratory personnel. These measures aim to achieve more accurate test result.

Keywords benzo(a)pyrene uncertainty evaluation

standard curve error transmission
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EIEM RS A 4.6 mmXx 150 mm,5 um ¥
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Tab.1 Relative Standard Uncertainty Introduced by
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e . . AR i
o atH TR AR R R
100 pL SR 20 pL +0. 080 pL 0. 001 44
100 pL RS 50 plL £0. 080 ul 0. 000 58
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Tab.2 Relative Standard Uncertainty Introduced by Temperature

A il B R/ C I R R (¢ AR AR 2 B
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10 mL &)l 6 20+3 1.2x107° 0. 005 09
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ANHfE SR 0,150 61, Hb R AIAR A B bR fEAS i

T3 IRMER SRR E S I T A R ARk
Tab.3 Linear Relationship between Standard Series

Solution Concentration and Peak Area

x; /(ng-mL™") Y,
2 3.433
5 8.348
10 17.296
20 34.211
40 69. 449
50 87.594

B AR (o) ehniEh L
Fig. 1 Fitted Standard Curve of Benzo( a) pyrene
FEFEN 0.150 61, H T A BRI A5 o i Ze 4005 A
STFRUEARTEEBE u, 4 0. 018 41, HiZE /K ARt AEAR
X BRI E BE u, 4 0.018 28,
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Tab.4 Determination Results of Spiked Samples

B B E/ (ng- L) T B
1 2 3 4 5 6 (ng - L7
K bR 8.55 7.93 8.17 8.37 7.47 8.58 8. 18
HhF AR IR 8.20 9.04 8.28 7.91 8. 01 7.99 8.24

R5 AR S R BT E S
Tab.5 Uncertainty of Average Content of Spiked Samples

o S e B/ FrufEAR AR

" (pg- L) i R

H A AR RE 8.18 0. 150 61 0.018 41
R AR 8.24 0. 150 61 0.018 28
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FEBE  MELAE—PERE , T 38 ok [T 0% 1) R S e it 46
e 4 ok 72 5 RS 9 AN B B R AT PE A R 5 n =K
(10),

pops e e N e S E N T VTR O ]
WCRIIE R 5 BRI 100% 2 6] 25 S 7647 ¢ 1056,
n=(11),



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 No. 11,2025
November 25th, 2025

u(R) _S(R) _ 1

ure](R): , —=—X
R JnR JnR
(10)
Horfu, (R) —F 2 01 ig 2 A0 X b 1 A 1

FEE
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Tab. 6 Recoveries of Two Different Samples at Parallel Tests

) T [l 2
B
1 2 4 5 6
WA AR i AE 85.5% 79. 3% 81.7% 83. 7% 74.7% 85. 8%
oK mbriaE 82.0% 90. 4% 82.8% 79. 1% 80. 1% 79.9%

RT7 AR IR AT E A RS R
Tab.7 Uncertainty of Standard Recovery Rate and ¢ Check Results

i S H T BRI I 2 FRUEASTH E AHXTBR AT 72 t K G
T AN Ar iR 81.8% 0.042 42 0.017 32 0.021 17 4.29
A bR 82. 4% 0.041 65 0.017 00 0. 020 64 4.23

H AR bR SRR Rt R AR A S 4547 ] g
R RN 81. 8% .82. 4% ; - AR [ A v i
Z1h 0,042 42.0.041 65, AIXEFEATIH 6
YA v=5,7E 95% &5 X ], £ 1 A EAR
[ EERER S BRI ¢ B3R, 15 ¢ sy 5, = 2. 57, 4%
(1) 5, (34 4. 29 Fl 4,23, ¥k T 2.57,
A UL RIS G AN 2 B B 250, Pl O AR T
PRAEARHARE BE R (10) 318, 4545 ) 7K bR
TR [ ISR AR A 2 B2 R 0. 021 17, Hu R K
PRI A X R EAS T 2 2R 0. 020 64( £ 7).
3.3.3  WRATEATIABAE

(1) ZEPORTEL SR AR A E A 2 1 mL, &
JSHRAEFR Y f 25 R £0. 010 mL, #2= (2) iHE1E, A
WiE M 0. 005 77,

(2) i A AR AR AR E 2 1K, U5 T 7
(20+3) C A4k, i TR 43 A, HY s 700 50 T
FER R A3 AR R AR L R #e 0 (3) 1S ANl

4 0. 002 08,

(3) WaE Aol AW A R A EE N
0.006 13
3.3.4  HALFRAE TR A B X AR AN 2

WK AL R K 2 PR AL B R ) A A
XIRAEANHA E BE wy 433100 0.022 04 F10. 021 54,
3.4 MENBSINHIHEE

N2 U AN R B Pl o A55CRAH £8 BE A A
HRGETIA,JE B JENHE B, W {3 A X A5
HEANT R FE TR0 35 F AR s o 40 Jo 0 B A T s o
ANt BEARTR], B (1) .

AR B0 RO AH A, 2R Bt , DA
VR IR LS R R EE U=9% k=2, U
A AR AT E FE w, 4 0.045,

3.5 EEMNESINNAHEE

R IRAIE R 45 5 ) — BohE , HEBR 1350 15 22 X 45

S FZ I AR S AT A MR 5 | AN B,
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S AR R PR A 2 BRI (12) .

urel(rep> S
U = - = - =
’ p Jn xp
1 ‘ _
Jn_lx 2 (pi=p)’
L:1_ (12)
Jn xp

Hrbou,, (rep) sus—H S PRI 5 A PR A
FEFE XA E T
p n YA A AR H4E  ng/ L,
PRI AR 1R 20 0 2 AR 5 o= 6 UG, T
R KkombR RS Ry 8.25.8.30,8.50,8. 60,
8.30.8. 10 ng/L, V-¥J{H p =8.34 ng/L, Hi LK kR
IRFELE I 8.60.8.75.8.70.8.70 8. 24 8. 58 ng/L,
P p =8.60 ng/L. & A K HUHE 73 9 LA X
(10) 7155, 8 3 8, HT /KA F K 2 ik h
HEPEI T I B AR AR AT E B (us) 23900
0.008 8.0.008 8,
*8 WAV A

Tab. 8 Uncertainty of Repeatability Measurement

i S, WEWZE, O AREAR AR
iRRE 4 R
AR (ng - L™ (ng - L™ e AHERE
WA nAR 8.34 0. 180 0.0216 0.008 8
HuZeoK b 8. 60 0. 186 0.0216 0. 008 8

3.6 AERAHEE
MEAKFARTE (a) B & B 00A AR bR UEAS T
EJE Ul s ﬁﬂfi( 13),

2 2 2

U, =+/u; *us tu;+u +oul (13)

2 PR AN B A3 o AR A (13) 3
T KR A R KRR 1 B A R AR v AR
SERESM R 0,066 1 F10.065 9,

3.7 TRAMEE

£ 95% B AG KV B S B+ k=2, W A

W U, ns(14)

U, =u

re rel

Hrbrow,, —— G B R EAT E
xR B R B ng/ L,
2 PR S (14) 35, i) ARG T RS
WEE M 1. 08 ng/L, T KIRFE P HIF (a) BELE R
H7(8.18+1.08)ng/L(k=2) , HERAKERY A

X kX x, (14)
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WiE BE A 1. 08 ng/L, MR AKIAAE PRI (a) EESG
J9(8.24+1.08)ng/L(k=2),

RO 2 PRI E BE LA 2
Tab.9 Uncertainty and Report Results of 2 Samples

. IR i (E
K KK
u 0.037 98 0.037 98
uy 0.018 41 0.018 28
us 0.022 04 0.021 54
uy 0.045 0.045
us 0.008 8 0.008 8
A AR FR AT 5 BE 0. 066 1 0.065 9
P IRAH € B 1.08 1.08
FA R/ (ng- L") 8. 18 8.24
459/ (ng-L7") 8. 18+1.08 8.24+1.08

4 HieEEiL

ARG T KM AR AR TF (a) BEFE S S5 R
(8. 18+1. 08) ng/L, HIZRIK AR A TFF: (a) EFE i 45 2R
F7(8.24 +1.08) ng/L, ¥ A E A +1.08
ng/L, TR 9 FKFEZRIF (a) v ASHA E B ok
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