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Abstract: The measurement uncertainty of the analytical results of phenol in groundwater samples by 4—Amino antipyrine chloroform
extraction spectrophotometry was evaluated using continuous propagation model of uncertainty. The standard uncertainty of a ground-
water sample was evaluated and the expanded uncertainty was calculated, which shows the measurement is credible. The results show
that the uncertainty caused by the curve fitting and the sample preparation makes a relatively great contribution to the expanded un-
certainty.
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By, CATZEE 5 R 4—2 528 ik bk
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F M8 GB/T 5750.4—2006 (15 3% 4R FH 7K A 246 36 5
e BE AR AN BRAE bR ) I R Ty ik, % H R
KPR B G R AT A O SR N R
A 38f AR RO L AN R BE R AT TV XS
PRUEM RIS X — B b, SR x .y AT 22 A9 XG5
22N J5 1 R AR o i Ze AT 05 22 Rl H LG

1 Sk

1.1 KFENE

By b UE il % 15 W . GBW (E) 081620, #k FE p,
(CH;OH)=1000mg/L,u=1%(u F/R Rz ), H
B 5 S BT A I SCHER[9] .
1.2 SR

(1) e 1 B B A FH W p (CHSOH ) =1pg/mL

G FHES , F 5mL SAFRZEFE WA (A 9) B BLE b
WEGE 25 VW 5SmL T 500mL 25 &0 (A Z0) B B
B A E N 10wg/mL (4 B4R 7 R W

A 10mL AR B E (A PO B 10pg/mLiTY)
WA E T RIS W 10mL, FHZKE 25 2 100mL 25 il
(A ), 15 B R 1 g/mL 18 WA o 15 FH 7 W

(2) s o 1 2 1) 22

YHERf A2 B 0.0.50,1.00.,3.00.,5.00,10.00 (mL) #&
T3 o v A FH 3 Y 0 i) T S S A 100mL &K (1)
O3 A Ak & 250mL, 18 4% 40 W -
A 2mL 2K —E A2 sh s W, RS, A INA
1.5mL 4—Z 5 B ML IR W TR 50 B S A 1.5mL
BN, F A IR AT, B E 10min, I 10mL
PREEREWE (A Z) MA 1omL =& H ke, #RE
2min, {85 E . TR IR ) S0 FE AR B =
AP BEFEBUBR WA 1omL TR L @45, T
£ 460nm &b, 2em HeA ML, L =S W ke b2, Tl
SE WG R HIBR2S FUE , 2l R il 26

(3) K FEAb 3

L 250mL KR, BT 500mL 4 B 55 Z AR
o, DA SRR SRR ), AR R I WM pHL & 4.0 L
T, KR AR B AR A €, I SmL i R H A

JNHAZEI ) 250mL R R IR . R8I
SR 90% e AT 45 IR ZE IR . FEVA , I ZE IR P
A 25mL 4K, 4k 225 18, B B 250mL 75 18 WK
H ik ¥ 250mL ZE WG R 2 500mL 43 R SR
PUNEREL RIS 1.2 19 (2),

2 BRI AN EE AR TR

K R e B Uk BE (AR 3, we/mL) YT

EW

Po=p X V/V s
o K FE TP Y 5 e 3 1Y T B K R (wg/mL) ;
o — 8 H A BRI (1omL = 50 H g ) o 5 & 8 1) o
SV AR AR A AR A (pg/mL)  V—AEHL
) = G H B IR R (10mL) 5 Vs — BUME H ¥ 11 1A AR
(mL),

0 N B 1 R BSR4 5 . DbRE
VIR C ) 5 LN AN S T (3% 2 RO = 40 ot 1A PR
SIABIARHE B ) Q@5 & M 3k B2 b 1A A
T ; QMRS 7 A A B, @/KFEAE TR
TR A I i Ak B A o AN S E 5 () IR
IKFEARFR G A AN 5

3 AN BE AL i AR R Y T

3.1 #RAERTA Y ECH AN AR E E
3.1 ARAEAE R R 0 Be ) e R AR T R

FRES 1.2 795 (1) A 454 20 R IC 1 1 b o o7 o
W, HAHHE PR,

Bp TR Ny :pVo=piVy,

Itk pi=pVo/ Vi,

Ui p1) =u, (po) tu. (Vi) +us (Vo)

Horh, po—h 1 il 25 75 W VR (pg/mL) s Vi —H
AR VR i 28 T W P AR R (mL ) 5 Vo — s o o ()3 W
ZWRFR (mL) 30— o T BV VA W B (g/mL) o

(1) b HEAE 28 15 R B2 po HO AN 22 B2

T3 b o i85 25 V5 T 2 po= (1000110 ) pug/mL , k=2 ; FIF
L 1,4(po) =5/1000=0.0050.,

(2) B8 BUbR 1 it 48 T W AR R V) BT 7

P2 55 WA, SmL AR RS W 1Y B A T A
AHEE N cu (V) =0.010mL; #% JJG196—19900 4
FE ,20°CH HR{E fe {7 +0.015mL, A = ME
G3 A u (Vo) =0.015/V'6 =0.0061mL; i B i% 2 51
R N W B 2 h e LM TS A AR o R N
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20°C , 5256 28 () IR A +5°C AR Ak | AR 1A ARG i ik
FEL(OK,2.1x107/°C) fi 35 R T 25 1 i LAY AR BRI
ik 2 8 (M RERR LR B 55 ,1x107°/°C) ., JIf LAAE e i
— i 2 SRR EE AR ARAR R S e 220 W R X
LA B PR B 52, L 5% 25 5 S 1 AN 1 o B
AV, =2.1x10#x5%5=0.00525mL , 4 5 B ¥ 51 43 1 |
u(Vy5)=0.00525/\/3 =0.0030mL, FLk,

u(V,)=1/0.0030+0.0061>+0.010> =0.0121mL
ua(V)=0.0121/5=0.0024

(3) bl DA WO ARV, BN 2 B

P 225 AT AT, 500mL 25 5 (A ) B2 bR
ANHFE T cu (V1) =0.05mL; 3% JJG196—19901 2 5
20°CHT H7R f f2. 2% 2 +0.25mL BB = M1
u(V,5)=0.25/N6 =0.1021mL; i & i 22 5] & /) R
58 JE AV, =2.1X107*X500%5=0.5250mL, {5 % J 34
A1 cu(V,5)=0.5250/\/3 =0.3031, FrLL,

u(V,)=V0.1021°+0.3031°+0.05> =0.3237mL,
ua(V1)=0.3237/500=0.00065,

wa(p)=V0.0050+0.0024>+0.00065> =0.0056,
w(p;)=0.0056x10=0.056jLg/mL

D0 53 A A v ) I VARV B py=(10.0020.11) g/
mL (k=2) . [ 3, A5 A FH 3 BN B 2 B AN Bl A
B o Vs=p.V,, FIT LA,

p=piVs/V,

Hor oo o FH U V00 R B (wg/mL) 5 Vo—Am
i FF 95 0 25 B AR B (mL ) 5o, — s 7 H ) 325 Y 1) T
JE (png/mL) ; V88 BObR o v R A AR A (mL)

()R A WE AR Vo BN 2

P 22 55 AT, 100mL 25 i (A 9%) 5 5 PR R ifE
AW s (V) =0.012mL; % JJG196—1990" K
SE,20°CHT R i fo. 22 R +0.10mL, 8 5 4 = A TE 5
1, u(V,,)=010/\6 =0.041mL; I JE %2 5 A A
5 & AV,=2.1x107*x100%5=0.1050mL , i 5 4 4
FE A ,u(V,5)=0.105/\/3 =0.0606mL, FLlL,

w(V,)=10.041+0.0606+0.0122 =0.0741mL,
wa(V5)=0.0741/100=0.00074

(2) B8 WUb3 o v (6] R AR PR AR V5 B AN 7 T2
Y 2256 T, 10mL BAR 4 A% WO 1 H A2 A

WEAHE E cu(V5)=0.010mL; #% JJG196—1990"#]
E,20°CH R 222 M +0.020mL, BN =M
I, u(V;55)=0.020/V 6 =0.0082mL; i iR 2% 5]
A A B E L AV,=2.1X107*x10x5=0.0105mL,
% HHE I A, I8 4 w(V,3)=0.0105/\/3 =
0.0061mL, Fril,

w(V5)=V0.010+0.0061+0.00822 =0.0413mL,
1wa(V5)=0.0143/10=0.0014,

1a(p2)=V0.0056>+0.0014>+0.00074> =0.0058,
1 (p,)=0.0058x1=0.0058wg/mL

s o A FH 5 B W B p,=(1.00£0.012) wg/mL
(k=2),
3.1.2  ARAE R IVIER AR

FEHE 1.2 71 (2) WY A5 TR IC ) b v R 9 VA, TR
B3R R 10mL = E B AL BOR oy vk B L h
0.5mL.1.0mL FH 1mL B #% ,3mL .5mL A 5mL %
W, 10mL J 10mL FRARZE RS WA (A P T I,

Bp TR Ny pi=p.Vi/V,

AN B TR A R

Ui’ (P) =i’ (p2) T (V) Fu (V)

K p—IZ AR HE S W R BE (ng/mL) 5 V—iZ b HEV
W) 7 25 R FR (mL ) 5 o HE A FH I35 W 090 W 32 g/
mL) 3 V,—#% bR 508 BUbR A8 FHIE A AR L (mL) .

HABRAE S W w,a(0)=0.0058; 10mL =% H
St 26 BUGRR B AN 2 B w,0(V)=0.0014, ST RS
A0 T PRSI B R B L 2538 ]G 646—2006
PIRE o FHEASHR E BE AN 1 FR
32 EEMNENAHEE

K AR G BE T AR 1.2 5 BC A RE AR o
WA AE TP 460nm 4b, FH 2em Fe @I, LA
SE W S, M E OGRS 43 e 5 v, e
SRR 2 PR AN @ FE Ve | T A S5,
S DA 500 A 1 3 RO S A A B A A S B
i,y e 2 I B A5 SR 0T S MH 7 S B bR HEAS B
FEJE dy; RV S A bR o O 22 .
33 HREHZMAEFENTIHEE

SR R i a2 B A% 3ok B AL U0 w, v,y oy DU 4
Bl AT ORI & ml e, SR E oy R y=
0.0069 +0.4333x, AH & & L r=0.9993, Hrh o=
0.0069£0.0016,b=0.4333+0.0019, 1fij X} F 4T — #r
SURBN I A y,, v] LA 2 e 205 R A5 245




622 H K i IR GEOLOGICAL BULLETIN OF CHINA 2012 4F
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Table 1 Uncertainty evaluation of standard solutions
hrifE ¥ Wbr O W W BV R e X A
EY]l HEM MM RE LR RS RN 8 S XSGR B fiff & 1%
x; AN E B (=ZMIBAA CHETEA3 A1) AN E B E S (fh)dx;
/. g-mL! /mL /mL /mL (&) /wgmL!
0.05 0.0025 0.005/V'6 =0.0020 2.1X10*X0.5X5/7/3 =0.0003 0.0064 0.0088 0.00044
0.1 0.005 0.010/ V6 =0.0041 2.1X10*X1X5/V3 =0.0006 0.0065 0.0088 0.0088
0.3 0.006 0.015/V'6 =0.0061 2.1 X 10*X3X5/1/3 =0.0018 0.0029 0.0066 0.0020
0.5 0.010 0.030/V'6 =0.012 2.1 X 10#X5X5/1/3 =0.0030 0.0032 0.0068 0.0034
1.0 0.010 0.020/V 6 =0.0082 2.1X10*X10X5//3 =0.0061 0.0014 0.0061 0.0061

T bR 2R AR WA TR AT S B LA B AR S IS 3

R2 MEBRRHNRELEEy RETHEE dy

Table 2 Absorbance and uncertainty of standard solutions

WL x; W ot B Sy, BIbRIE
/wgmlt 1 2 3 4 5 ¥i Wz dy;
005 0015 0014 0013 0012 0011 0013 0.000707
0.1 0047 0.047 0.046 0.046 0045 0046 0.000374
0.3 0.14 0139 0.138 0.137 0136 0.138  0.000707
0.5 0226 0225 0224 0223 0223 0224  0.000583
1.0 0442 0441 044 0439 0438 044  0.000707

R3 RAERKEMSHZE EMEIREx MEEFKE dr,

Table 3 Regression value and deviation of standard solutions

X EAMIHE FE R TTk A/ %

X 4 dx; Vi dy; X, dx,

/gmL dx, dx; dy;
0.05 0.00044 0.013 0.000707 0.0142 0.0368  99.94 0.01 0.04
0.1 0.00088 0.046 0.000374 0.0903 0.00705 97.69 1.24 1.06
0.3 0.0020 0.138 0.000707 0.3027 0.00483 7829  13.65 8.05
0.5 0.0034 0224 0.000583 0.5012 0.00315 42.65 50.01 7.33
1.0 0.0061 0.440 0.000707 0.9997 0.00267 1521  79.29 5.50

B T TR o, A0 2R A0S e P S LA B HE AN B

EFEEN A% 22 dv., WL 3
HptrfEM 2 BN AR Rl «, i &ala

IR R BRI E JE o =du,, T A T WL

4 FEAR I RE B CHAN RE BE P E

41 AHEEEERBEPEERINIHEE
MRS 1.2 9555 (3) WY A0 BR RS IR AR AT AL 31 0

Hk[10], L WOERE N 0.104.0.104.0.105.,0.107 ,0.106,, A] it
34 AHWRENTIHBEE S IME y=0.105, Gk il 2 B 545 B x =

X g, AR AN A A A T AT
H AT, PR UL SCER[10] . B0E 225 bn ik s i &
BN E BE IR 4 Fros

0.227, A5 2% dx,=0.00541, JHHGE LB GARMER
WA BFRAEARTR E BE dx,=0.00159 , W2 BE FR fE AR
B E B2 dy;=0.000588 . D i A o 5 ¥k | ith e 4004 A
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x4 BEMERNERFAHEEE-dx)
Table 4 Combined uncertainty (k-dx) of
every standard solution

X; X, k-dx FEN R
fpeml! Y Jpeml! Jpeml!  RE/%
005 0013 00142 0073 51831
0.1 0046 00903 00143 1584
03 0138 03027 00109  3.60
0.5 0224 05012 0009 192
10 0440 09997 00137 137

T ¢ A AR R R 25 A RS o SN Y T A b RO 25
RE= k- dx/x,x100%
o L 5 A B A I 43T 75 AR X 4 R B
EER

VIS PSSl

Xi Yi X
0.00159 1, | 0.000588 |, | 0.00541
:\/( 0.277 P+ 0.105 )Z’L( il
=0.0211

42 KREETZEE FENEWLELEH

FENAREE

i T AL B AR T TR R R L
WA I S 5 72, il TRl E R 2 & T
FIAPAT 2 BE A e T Ak AR Py sk s e
B0 Ak 1 Ak B A AR v A ) 1R 25 AN 3
AR 5%, LA AR A E=V3
)2 B S M AR AEAS T 52 B R 2 5%/ V3

A RSB SRR T AR SEAT TN IR S B
Bl LA B 3 A~ K BE 45 B 250mL, 43 B A 5.0mL 5
WERE W, WA BUS 10mL = G0 e v 18 A B 1) e
FEH 0.5pg/mL, JbR BISCREHE I 5 FR

[R] S 2 110 AN 5 BE O JF 1059 —1999 (I A
B BV 5 RR )T 5.8 IHE w? (Rec) =

2
%L Hoh b ,=92%—100.0% =—8.0% ,b =

100.0%—82.0%=18.0%, W uy (Rec)=u (Rec)=

A AR 7 BE A R 0.029,
43 EREKEEBRSINNIHEE

P 2 56 T 0, 250mL 25 0 (A 9 ) 5 2 1k i
AN FE u (Vs 1) =0.02mL; #% JJG196—19901 ki
FE,20°CHT HoyR (i 22 A £0.15mL, Bk b = M T 41
1, u (Vi) =0.15/\6 =0.061mL; i B iR 2% 51 1
AHHIE FE . AV 5,=2.1x107*x250x5=0.263mL , L ¥ N
B0 ,u(Vass)=0.263/N/3 =0.152mL, LA,

u( V) =V0.02>4+0.061>+0.15> =0.165mL,

(V) =0.165/250=0.00066

44 BRIRENAHEE

JE KA H 4 2 T 000 G 118 S R OB U 2 A 4
PR RN B H] bR &G E M K
FETI MR | A% BCSE AL B R o A E KB Y R 5
TR A N B, AR 5K
ﬁz\/ | o (2o (A2, 02920000667

X X Yi Xe

=0.036
AR A5 T M 0 R 2
d/x=V0.0211%+0.029>+0.00066> =0.036,
Fh B I 2400 75 B0 o K U = S
Jo o R

P k=PcHaX %

K pan a—ZEBUG =G0 H e i #5 % 1 1 e BE (pg/
mL) ;0 x—BKEE I & W W B (ug/mL) ; V——
S o 2 IO A AR A (10mL ) 5V os— F U K A (1)
RFL(250mL) ,

B p o =v=0227pg/mL, 5 p x=0227x10/250=
0.0091pg/mL, M dx,=0.036x0.0091=0.00033g/mL
45 MEERTHEERSE

B 95% 1 B AG 7K A & B k=2, BTl K A
5 K 1) 5 14 (0.009140.0007 ) pug/mL, Fe VAT
ZH0 7.69%,

x5 MTEKEMNESR

Table 5 Results of recovery determination

0.029,
[ WA 3R A AN B 2 B L3 T R KRR AT AR

TR AR R AL BRI 5 LA 5 B2 i ) 45 2R
55 L EE M2 AL A R — B, HEAR
SCH R KR TR | AE MO AL B AR rp

Z=IRIK e JERRREE IARISIRIE kR
b MR B 4 )
=H /p g-mL /p g-mL W%
KEE1  0.081 0.287 <0.002 0.46 92.0
KEE2  0.081 0.268 <0.002 0.42 84.0
KEE3  0.081 0.266 <0.002 0.41 82.0
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