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Uncertainty Evaluation for the Determination of Benzo ( a ) Pyrenees in
Groundwater Samples by High Performance Liquid Chromatography

FENG Jing', WANG Hai-jiao' , HE Chao-jun’, ZHANG Ji-guang®
(1. Shenyang Institute of Geology and Mineral Resources, Shenyang 110032, China;
2. Liaoning Institute of Geology and Mineral Resources, Shenyang 110032, China)

Abstract: Sources of measurement uncertainty for B (a) P in groundwater samples by High Performance Liquid
Chromatography ( HPLC ) were determined through studying the whole process of analytical results. The sub-
uncertainties of the analytical results were evaluated by using a continuous propagation model of uncertainty, and the
calibration curve was fitted by using the least squares method. The standard uncertainty for the analytical results of B(a)
P in groundwater samples consists of the sub-uncertainties of the sampling volume, the constant volume, determined
volume, duplication of the sample, the concentration of the standard solution and the fitting of the calibration curve.
Evaluation of the analytical results of two samples with different contents indicate that the lower concentration of B(a) P
has the higher relative standard uncertainty. The main sources of measurement uncertainty were the duplication of the
sample and the calibration curve fitting.
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AT (a) BEJEARGR B IR BT BOR Y, v B be, &
ELA R, TS & B Bk B R AL TE R, R e g
REEYe ™ L B, HT KA HLIE R (a) 1
2 S R T SR

MEAER K56 20T T A %o I 45 SR ) AN i 5 JE O
SERCRBAG LIRS Y IS E R RN A
ALAEYE AT FCPE R AT 32 P R B AR A SR
U AN E B 5 R (JIF 1059—1999) 1 Fl
A AT R E IR (JIF 1135—2005) 17
XF i AR 635 32 (HPLC) 5 b R /K HPoR T (a) BB
I AN A B ARV B BT A THRT, & B
I 25 AN R 1, DAGE IE A 38 5 R K 75 Y i
A TAE

1 Ssdsy
L1 AUZRAIT A

Aglient 1100 EEURAH S (HPLC, £ [E Aglient
] s FETECAR I s S AR A ARG I 4

KL 512 Z AN (P TE I 7K 3, b st AR A R
sEAT) .

i iR 1o

HH(a) EEPREA R : 100 pg/mb HHEES Ji (55
Supelco 7] ), BiA% : 1 mL Z2HH 4 CLRAFo

A (a) B BRI (p =1 pg/mL) : B HL
500 WL 3t () BRI (p = 100 wg/mL) F- 50 ni.
R, B RE R 2 55, & .

FIf(a) EE =R ER I (p =0. 1 pg/mL) : FEHL
1 mL A3f (a) 8 ZHRARER W (p = 1. 00 pg/mL) T
10 mLZE R b, PR P s 8 22 220 2, i s TR A A I
RA o PRAFAE 4CURAR T, & .

IECRE(RIRGL) , B (@52 EUR AR ) | PN IR
(ZrHrak) .
1.2 JKAERTALE] S il

FHEAR & X 1000 mL 7K B T 20 W 2, A
100 wL -5 30 g NaCl 50 mL iE ke, A
BB IE O e A 1 3 A JE /K Na, SO, Y HEIE i 31,
YRR T4 A 125 mL ZWSH A, FH RIRE i
FIN 20 mL G CBEX K AHE 22 ¥k, & 9F T Rik
AW . TRUALAR AL 2 2 ~3 mL, F 2] 10
mL B0 R R A VOR R IE C e 5 I 2 R B
AW EZ 1 mL, AT 1 mL BIEEE4E 5, UK
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2 G WA R 1 mL, UERERIRE &1 EIR
i, w1k 30 s 2B AFR @RI HPLC W€, | 3
FE 25 L, ZOBA I AR A

1.3 ket R A0 ACH]

RS BRI () B = AR MEVR W (p = 0. 10
we/mL)100. 0 pL.250.0 wL.500.0 wL.1.0 mL.1.5
mL.2.0 mL 435 & F 10 mL A 54 A, 0 s 5]
EARE 10 mL, PR IR G DU 2. &bl Wy
(ng/mL):1.0.2.5.,5.0.10.0.15.0.20.0,

2 AT AT

AR L3R M 7 i, A RE R BB (3 I E
IAKRHZEF: (a) BE A 2 BE R IR 204 LU LASTr
BT < A it 22 AARFRG A BIASTA 3 B, A M VA VBTt B A
BT REG ARG 2 L, A Al e B A e 50
S N R A R 5 | A AN S B 4

3 A R S i e
3.1 FERPR RS TAIAE S

11000 mL ZKFE SR T E S0 AT 580, fRan
R 10 KRG SE bR 2=

$(Vigoo-o) =1.0 mL

4R JIG 196—2006"" #1142 ,20°C A 1000 mL
A2 5.0 mL, [REHEIE 40 .

u(Vigo_;) =2.04 mL

VSRR 5 R T IR BE AN ] 5 R AR BB o i R
PESLI 2R BEAS AL R =2 °C, K IR BRI Bk R 5k
2.1 x107*/°C , ] 95% ‘B {ZHE 2R 1 52 45 1000 mL 175 )
IRFAE A G | R A AR BN 2 B0 B 2R e B

u(Vigo_r) =1000 x2.1 x10™* x2/1000 =0.24 mL

oy (Vigo) = v/ 1.0 +2.04> +0.24> /1000 =0. 0023
3.2 FEWEREBV, . S AR EBIATIEE

1000 mL 7K #2830 28 L AR AR 56 #4221 L
FEmR P E S

1 mL B A BR AN B 0 B2 i 3 5 AR T A
B T 25 22 MR R 22 5 R AN TE TR E o

u,, (V) =+/0.005" +0.003> +0.001* /1 =0. 006
3.3 25 pL A hERES R AT

25 pL B bR AR B, 8 B 2R
ANHAE

u(Vys ) = £0.01 pL
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25 pL AR R AR 22 £0.01 pL,J& B 26
ANEE

u (Vys_,) =0.01/43 =0.0058 pL

VW FE S R TR BE 5 | AN AN o B, A IR B
26+ 2°C, HEEIRBUE Ik RECH 1. 24 x 107°/°C, 1
95% B AF MR BF AR AL 5| A AR BB 2 B2 4 B
KATETE

u(Vys ) =25 x1.24 x10 7 x2//3 =0.036 pL

U (Vo) = /16 (Vs_) 4+ (Vo) +1 (Va3 )/25
=0.0015
3.4 FERE RS L AANE )

FESEE B 51 A B A2 BE S A BN
BEN L FERIRI AR 0 2 ANASIR] R G W A
S S WA 1 W EEE S 7.21.7.39.7.30,
7.20.7.26 ng/L,E¥E x, =7. 27 ng/L, kil 2% s, =
0.077 ng/L; Bf i 2 Wy H B R 1.02,1.03,0.98
0.99.1.05 ng/L,FH¥{E x, =1. 01 ng/L, il ZE s, =
0.029 ng/L,

u (s;) = s,//5=0.034 ng/L, .

u,,(s;) =u (s,)/7.27 =0. 0047

u (s,) = 5,//5=0.013 ng/L, .

u,,(s,) =u (s,)/1.01 =0.013
3.5 bRUEISHEANGGE A 8 B B AR e Ny

ARIF(a) VEFRMETR W0 BE T8 B 2SI 2 B2
A JIF 1135—2005""  $e AT S 05 B IR o
3.5.1  FRufERS IR AP EA & B

(1) Z83F (a) EERRUERS W BIARMEANBA o J3E

po = (100 1) Mg/mL,K:Z,Z:Eﬁ%E u(po) =
0.5 wg/mL, M u,,(p,) = 0.5/100 =0. 005,

(2) A9 (a) B AR UEWE W (p, =1.00 pg/mL)
IR EAN 2 B

PC il ARV W S i B2 500 L ffast 15 4
50 mL A fbi. HECERIAL .

poVo =p.V,

FELAp1 =poVo/ Vo, AT E FE TR R

o (p) = /uly(py) +uly(Vy) +usy (V)

X, po—HRUERS A IR BE (g/mL) 5 Vo —FE IUbR HEfith
PR (mL) 5 p,—— AR HER WK FE (pg/mlL) ;
V,— A ERBOE A AR (mL)

500 L fafciet 3 S i A% HU R 00 N i o BE 22

All rights reserved. http://www.ykcs.ac.cn

LR JLER 3512500 WL i i 5 i 1) 2 52 i 22
500 L fafdet T S A L 2E S R it R 22

500 L Gl i A U B A5 R B, A2 PR AR HEAS 1
ETER

w(V,_,) = =0.0025 mL

JJG 646—2006""" 7 ,20°C i 500 pL B 25 4
H#AVFEA £0. 005 mL, $ZHEIE /3 A i 11

u(V,_,) = 0.005/,/6 =0.002 mL

VUL BE 5 R ME IR R AN (] B R IR BE 25
+2°C, R IR BUAK R 800 1. 24 x 1077 0] 95% &
TEMERETFE I 500 L — G bn HEVE IR B 1L 5 2 1Y
TRBURHAE BE A B RN E i

u(V,_3) =0.5x1.24 x10 * x2//3 =0. 0007 mL

(Vo) = /W Vo +u’Vy_y +u’Vy_y /0.5
=0. 0066

T RBRUERSOE 2V, (50 mL) AN BE R
50 mL 25 (A 90) mAEVEPR A E T, RIHEXR
L DERETi 5 0 (= E = 7 8= ol (R N5 7 i 4
VRIERAZE

s(V,_,) =0.013 mL

FRARE JIG 196—2006"") #5 , A 4% ipi4k 50 mL
HEMAVFREN £0. 05 mL, I 53 fifliit:

w(V,_,) = 0.05/2.5=0.020 mL

VRO B 55 I IR BE AN ) 5 R AR RN B
WL AR AR £2°C, F B AR R ik &R 20k
1.24 x 10 7°/°C , ] 95% & {Z HE 221} 72 25 50 mL b if
TSR AR AL 5 R AR FRANHA 2 B R B 2N e i

u(V,_3) =50 x1.24 x10* x2//3 =0.072 mL

u‘re] ( Vl ) =

0.013% +0. 020% +0. 072%/50
0.0015

u, (py) = +/0.005% +0. 0066 +0. 0015
=0. 0084

u (p,) =0.0084 x 1 =0.0084 pg/mL, M.

p, =(1.00+0.02) pg/mL (k=2)

(3) =GR (p, =0. 10 pg/mL) FIBRHEAHH
EJE

50 A O A TR T R i B 22 1 mL B IR
10 mLA ., HBCEHRRY .

.V, =p,Vy

Bk ,p, =p Vi / Vo AT i BETHER A N
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U (py) = «/uil(Pl ) +uny (Vi) +uny (V)
o, — = R HER L (pg/mL) 5 V,— = bpif
WWE AR B (mb) 5 p— = G b I IR K
(wg/mL) 5V, — R B AR AR (mL) .
FEIR3.5.1(2) T T w( V) u(V,) 1%

u,, (V) = +/0.005% +0. 003> +0.0014° /1
=0. 0060
u,, (V,) =+/0.013% +0.0082% +0. 014> /10
=0. 0021
uy(p,) = +/0.0084> +0.0060° +0. 0021° =0. 011

u(p,) =0.011 x0.1=0.0011 pg/mL
M p, =(0.10 £0.003) pg/mL (k=2)

3.5.2  RIVBRHERS IR A PR IEAS & B

Bt il R SIBRETR L ¥5 % 1 mL 2 mL 2% & 1 10
mL 75, R AR Ry

pi=p,V/V (i=0.1.2.55.10.1520,V=10 mL)

U (p;) = \/uil(pi> + uil( Vi) +u, (V)

HRAE 3.5, 1(2) 47,10 mL 25 5 A AR AR EAS B
EF u,(V,) =0.0021,u,,(p,) =0.011, M8 3.5.1
(2) W ERAT R RIS W AR EA IR 2 FE L3R 1,

T IS B f KA X b o R B 2 A, BP 1.0
ng/ mL AR AREAR B 2 BE R 0. 013,701«

uy(p) = +/0.011% +0.013% =0. 017

# 1 REREFIE A E )L
Table 1  Uncertainty of a series of calibration solutions
RYNE ORI R BREAS T 2 B BHRE RN E AhRE R
p/(ng-mL™") (V) 7V, u(p,)/(ng - mL™") p/(ng - mL™")
0.0 0 0 0
1.0 0.0012 +0.0008> +0.00014% /0.1 = 0.013 V0.0117 +0.013% +0.00212 x 1 = 0.017 1.0£0.04
2.5 0.0025% + 0. 0015 + 0. 00036> /0.25 = 0.012 V0.0112 +0.0122 +0.021> x 2.5 = 0.041 2.5+0.09
5.0 0.0032 +0. 00217 + 0. 000722 /0.5 = 0. 0075 J0.0112 +0.0075% +0.0021% x 5.0 = 0. 067 5.0+0.14
10.0 0.005% +0.0041% +0.0014% /1 = 0. 0066 0.011% +0.0066% + 0. 0021% x 10 = 0. 13 10.0 £0.26
15.0 /0.007% +0. 00612 +0.0021% /1.5 = 0.0064 V/0.011% +0.0064% +0.0021% x 15 = 0. 19 15.0£0.40
20.0 0.007% +0.0061% + 0. 0029 /2 = 0. 0049 0.011% +0.0049% +0.0021% x 20 = 0.24 20.0+0.50

3.6 i A 5 A ATEE
3.6.1 (e i AUER A PR g AN A JEE

SR AR B i 8 0 A 0 6 5 K, BOCHE I 45
(P EIE AR HE D 22 ACRARME A B E KL (WL 2) , B

2 RBVBRHET IV I BRI AN )

Table 2 Uncertainty of a series of calibration solutions of peak area

MEE I 45t 25 2R 1Y) OVE S8 6 T A BN 2 5
A E R A KR hR 2 B,
ZR s A 06 v PR AP 0 ) B {EL AN o
ANF U BLFEE, n] 20 AT

RIS I AT p/(ng - mL~")
p/(ng - mL7") ! 2 3 4 s T WA R CEHEREEE
0 0 0 0 0 0 0 0.716 0 0
1.0 8.872 8.854 8.912 8.903 8.887 8.886 8.660 0.023 0.010
2.5 23.011 23.001 23.213 22.987 22.898 23.022 2.723 0.116 0.052
5.0 45.565 45.622 45.598 45.702 45.531 45.604 46.162 0.065 0.029
10.0 92.083 92.112 91.987 91.869 92.212 92.053 93. 040 0.130 0.058
15.0 138.420 139.125 138.798 138.991 138.679 138. 803 139.918 0.274 0.123
20.0 187.580 188.612 187.987 189.011 187.899 188.218 186.796 0.580 0.259
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3.6.2 A [m] Uy e e i FR K 22 ) s v O 22

R AR IR B 2 I S 45 R, i/
T E LG b o 2R, A B AR [l ) 7 B A =
—0.7148 +9.3755p , kMR 2% r =1, Hod 0 k5
HERHZCRYRER @ =9. 3755 £0. 001, b b i £ 9
Hi,b=~-0.7148 £0. 0010 U] ] Y phy £k e iy B 5k 22 114
PR 22 s(A) -

ﬂA)zvgbiMﬁ—&yﬂnm—2)=Q9ml
A, Ay bR I (e AR 3 A, — 2 A HfE s 11
WE TR VTS s AR HE R n = T s m— 2 A ifE A
HEREMWERELm =5,
3.6.3 15 p W2

p WIEZEIi s, s s, = = (p, —p)?
X, p =4 AR HE IR L (ng/L) s p—hrs il 2
BRI (ng/1)

555 s, =1742 ng/L,
3.6.4  THEARIEH SAV G it AR O AR X B EA A S

R PG 45 S50 T8 2 A AN TR B AR AR AR
{FE b 20 BT DAY AR P AN B B

_s(4) J1 1 (p-p) __ 0.9181
TpxanNN M s, 7.27 x9.3755

1 1 (7.27—7.64)2_
XN/S +35+—1742 = 0. 00064

s (A) —[ml U3 il e 19 b5 E D 22 (ng/L) 5 p—HF b
A S (ng/L) 5 p—h 1f il 22 25 o We B P 29 (6
(ng/L) sa— Bl ET TR AR s N—A i B S0 8 UK
M—T A s fE B IN RE R A s,—p WY 22 T5 Al
(ng/L)

[ L ARG 35 o RO AR X s A B 52 T

urcl,l

s(A) /1 1 (p-p)° 0.9181
Ulp =~ | Tt =
o pxaN N M s, 1.01 x 9. 3755
T, (.01 -7.64)7 _
XN/S +35+ 742 = 0. 049

4 EbREAT SR
F T4 43R 0 N7 AN AR G, DR R Ak o
HEIF (a) T B R AR A RS
e a(p) = 1y (1000) +upy (1 mL) +uy(p) +
ufe](ZS) + ul2-e1<3) + ulz'el
uilm(p) = 0. 0004,uf2,rel(p) =0. 0029
e a(p) =0.02,u, (p) =7.270.02 =0.15 ng/L
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u, (p) =0.054

u, (p) =1.01 x0.054 =0.055 ng/L,

125 2 AN [A] 25 R A RS AT 2 3 4%
SrEGITER

5 PIEATERE

FEAEER 05% WAL R b =2 iH MY
JEAEFER

u, (p) =20.15=0.3 ng/L

u, (p) =20.055=0.11 ng/L

i 2t - (5 )
. —
o
e T =—— sl i
AT =
A B
0 0.01 0.02 0.03 0.04 0.05 0.06

HES o 1 AN 1 52 JEE

Pi 1 2 AN FERL 2 DR PR IE AT S
Fig. 1 Relative standard uncertainty of sub-uncertainties of

two samples

6  MpE g -

P EAGEER 95% (B A5 X 0], , HUF /K 1VRE & A
2"REA R AR IT (a) EE R AT (7.27 £0.30) ng/L
FI(1.01 £0.11) ng/L, H k=2,

7 ik

3 AT KT A5 £ T T S M T K ORI (a) B
1) 43 R4S o0 B AN 8 BE I PERE , T AR R 4102598 .

(1) R R (3 1 5 b /K R R IE (a) BERY
AN B O TR PRI L R AR T T
Be il 72 B br il i R A R 25 . oy, I R ] ik
1) ZR bR HE VT R F 25 505 LA B A A 3 %
B BN 2 B 1 R M A

(2) X FAIK B B A 5 , R B i 7E R G bR
TG T A v A i R T A RS R
R S PR VAN A8 B ) BB
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(3) A ol SE I e 25 R D B R R (8] RGO, R X BN RS RS S

FEE R BEE 6 20 BT ARG B v 2 TR A, BT B e 500 T G Al 90 0 o 01 1 (). 8 3 4t
A M T KA LTS Pt TR 2 AR SR AT HE LRI 2009,28(10) ;1481 — 1485.

(91  ARRI5, @ srom, W0, EHH, £V V-, FHS, S 8.
PR 75 55 B8 U JB 3R 12 0 b K P 6 S S
PEELT]. A H,2010,29(4) 1431 - 437,

[10] FWV, &S, R, 28, KRET. HHESOLE
0 T K A R EERR AT E BEREAE [T ] A0,
2010,29(5) :601 —606.

(11] FEF, TV, EHE, L8, BT, =8, RET.
PR JERRH 15 45 3 R T3R5 0 W00 T K e 14 AS I
P[], E7 IR, 2010,29(5) 607 - 612.

[12] 3307, T AR . SRR — ntknde ot 23>t ot BE vk
SEWT K B EAL Y B AR H E e [T]. A0 M,
2010,29(4) ;438 —444.
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