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Evaluation on Uncertainty of Cadmium in Soil Determined by Graphite Furnace

Atomic Absorption

XIE Yin-feng, WANG Ke-quan,HAO Xin-xin
( Weifang Environmental Monitoring Centre, Weifang, Shandong 261041, China)

Abstract: The uncertainty was estimated for determining cadmium in soil by graphite furnace atomic absorption. Uncertainty
components such as sample weighing, moisture determination, process of digestion, volume, preparation of standard solutions,
curve fitting were evaluated and synthesized according to Evaluation and Expression of Uncertainty in Measurement ( JJF 1059. 1—

2012). The expanded uncertainty was given. The mathematical expression of analysis of cadmium was given as(0.115 +0.015)

mg/kg, k=2.
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T A8 B VA 5 58 T ik, SR ST RN 58 3 [ SR 4 A
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W/ e oo o 1| B R b R T 7 N B
SEH R (JJF 1059—1999) "y fk H bE 52 T kM
B M5 0 5 S TR B A S A S L AR 22T R
PECI & A B E S £ s ) (JIF 1059, 1—
2012) "R T A SR R T Wk D b B
AR AR 2
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Cd FrifEfiff 25 W (100 mg/L, 5 OR FB AR A )
ERIR AR SRR | e R 1 O L k5 S 3 T K
H—FoK,

1.2 Rk &

K F Y 23 B R BOX T W 5 1) 4 0.400 0 ¢
T R GE R, KR S A 10 mL b %, 76 9 i
XA 120 CHEA /3R, 2R 2292 ~3 mL i, HBUR
R, MR A 10 mL A iz . 4 mL & 5 R
4 mL &R, N5 T A E 150 CAL 1 h
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J5 P THEE 180 C 4k 2 = 8 W E & A
A I, 56 8 D 0 HLRR AL 4 82 A0 i . 7 DR
EAPLYY ARG, PSS EENAY R
FRR IIA 1 mL (1 +5) Gl RV i 5% 8 . U A
Ve, K ol Yk T A SR R N BE L B W B B
50 mL 75 B e KRB E 2 E .
1.3 Jpsn

p, xVx10~°

=X (1= f) e ()

Ap: W—EFerp Cd 1Y i, mg/kg; p,—

R Cd B R R B, we/ L V—RE i E A
BUmLy m— B AL, g5 f— 8 K s f, — R
RIERE T,

2 MERHEENITEE
2.1 FTHmEEEL
2.1.1 #HEREINNTHEE

w(m) KIFEF R EKRAZE. REEN
0.400 0 g, 4l K F K UE 45, ;224 0. 1 mg,
WORTE A3 A b =3, 15 AL i T 5 AR A 1 52 1
Fu(m) =0.1 mg//3 =0.057 7 mg, WIHE S &
FIAR A XS AW EE N uy (m) =ulm)/m =
0.000 144,
2.1.2 +HAKEINNTHEE

WHECEIE TR MAK S E  HEEk)
(HJ 613—2011) """ 90 153 +- KL & K 4 1. 64%
R 18 i S, AT 0. 1% A5 Ry 7K 43 5 1A A 4 A
HEANH & B2, B w,, (f) =0.001,
2.1.3 BEHMAIEINGTHEE

T AT A A B T R O A A AR ST
AN B o X RESEAT 6 YR S e 45 ik
R K 88% ,88% ,94% ,94% ,100% F 106% |
R4 CIIF 1059—2012) #E47 1P o [l il 2 X ] 2
SR o= (106% —88%)/2 = 9.0% ,BUEIE 515,
k=30 u(Rec) = a/k=5.196% , WIFE K i i
SEAR B A X A B 5 S w,, (Rec) =u(Rec)/
Rec =5.196% /95% =0.054 7,

DO = N (a1 T T 9 el
(L AR

|1 =Rec| [1-0.95] 0
u( Rec) 0.051 96

£ 95% BASMERT , 4 ¢ (R T 25T ¢ 1

FHEE, MR 5 1 Z A B EM 25 EEl A
BIESS R 2 o EH/DT ¢« Wl SE R, [R5 1
ZIE TG 35 M 22 5, T DU M IR ROR AL 1B, 7E
95% BAGMEA T, M AR 6, HMEER S 0,0
IR FE 195 (5) =2.57 1 <ty45(5) , HUTCH M
7 IR AR I
2.1.4 HREMEEATEIINNLHEL

TH A J5 8 B B AN H € B £ 2l 50 mL %5 5
(A GO GIA, ALHE 2 BRG] ABAS  E BE R0 B 5
A B AT R S o

WA w3 0 2 B e ALRE ) (JIG 196—
2006) % ,20 CHf 50 mL A %% B A R AL E N
+0.05 mL, BUETE 53417 kb =3 13 2 BUE| AR &
R u,(V,) =0.05 mL/A/3 = 0.028 9 mL,

HEMAA MR E N 20 C, LH=ERE N
(20 £3) C . WK IRTUL K 2 BOE R T 385 , i
B 8- RN AN | QR R N Y 3 R )
2.1 %107 C ™" ,50 mL % 5 H R AN S B0
AR AL A 50 mL x2.1 x107*°C ' x3 €C =
0.031 5 mL U IE 53 A , k =3, 43 6L 51 A M A
W5 B Hu, (V) = 0.031 5 mL//3 = 0.018 2 mL,

W Bk 2 A a

w(V,) =.Ju (V,) +u; (V,) = 0.0342mL

Wow (V) = u(V,)/V, = 0.000 684,
2.1.5 ARBEEREE G NG LA EE

FH 1T mL FAARZ W 548 (A 2) 21 100 mg/L
AR TERE AT 1 mL & 100 mL 2 (A %), A
1% FHIREZ, A 1 mg/LalE . M 2 mL $ibp
AW (A ) BB EW 2 mL 2 50 mL 45 &
(A Z0) 1% G518 € 2 BARL, 1T 40 ng/L
k. S mL g B R A A IBOAS WK B
40 pg/L HrEE T 100 mL 28 50/ (A 20 1, 1 1%
ST B B8 B Mk R 0,40, 0. 80, 1. 20, 1. 60 F
2.00 /L PR UEVS W FR 1) o

TC ] b HE V5 U 22 90 I 5 | A AN 2 32, DA U
il £ o i 200 pg/LiT5

(1) SR AWMATEE v, (C ) o i
B WS REVR 2 g 100 mg/ L, AIE A5 £ A4 A X 5T A
B R 1% ARG A Ak =3, 00 u,, (C.) =
1% /J3 = 0.005 77,

(2) 1 mL AR 2 W &4 51 AR A 0 5E B
w (V) o FEHPARLW &EERREII A R
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C SR P L EHAR) 1,20 CHf 1 mL A g8
PR & 1) 75 5 /22 £0.007 mL, B E 734
k=3, u(V,) =0.007 mL/y/3 =0.004 04 mL,

Wow (V,) = u(V,)/V, = 0.004 04,

(3) 100 mL % & i 51 A B A W E B
o (Vigg) o100 mL 25 55 51 A B A 1 o8 B A 466 25
TG B AST € BE AR 1A B A0 E L o RS
CH R B B8 2% B AG 2 MR ), 20 C i 100 mL A
RABMOWARARZEN £0. 10 mL, BEIE 73 1,
k=y3, 000 100 mL 75 5 28BS A 19 A B 5 BE Ol
u, (Vo) =0.10 mL/y/3 =0.057 7 mL,

2 0y AL HE IR BE Dy 20 °C, S5 R N
(20 £3) CKMEIK R R 2.1 x 107" C 7',
100 mL2F & 0 B i RE 2500 3 B0y 4R B8 Akl
100 mLx2.1 x 107"°C "' x3 € = 0.063 mL,

WUETE 53,k =3, 01 100 mL 725 54 6 BE 51 A

BB E BE R u, (Vi) = 0.063 mL/A/3 =
0.036 4 mL,

¥ BRI S
w( Vi) = Jur (Vi) +us (Vi) = 0.068 2 mL,

W w,, (Vi) = u( Vi) /V 0 = 0.000 682,

(4) 2 mL FLBR LW & 4 5] AR 88 B
wo (Vy) o FEH PARL W &SRB G AL KA
CH R B2 B ML) 1,20 Tt 2 mL A 2%
AR WA E RN £0.010 mL, AP
S k=3 ,u(V,) =0.010 mL//3 =0.005 77 mL,

Wow (V,) = u(V,)/V, =0.002 89,

(5) 50 mL % & Jf 25 B 5] A WA 8 &
(Vi) o 50 mL 254 51 A A 28 JE AL 45 28 R
S AS B 58 BE R BE 51 0 A B 0E B2 . IR 4R
CH R B A HLA s LA ) ™ ,20 Cif50 mL A %%
HERAEAZERN £0.05 mL, WHIL /31 b =
V3,00 50 mL %7 B A BLEL AR R B E R
u, (Vg) =0.05 mL /3 =0.028 9 mL,

25w R HE R BE Dy 20 °C, LI E R TN
(20£3) C KM MK REH 2.1 x 107 C 7,
50 mL 755 0 b R BE 0 S B IR BUE fb
50 mLx2.1x107*°C "' x3 C = 0.031 5 mL., B
HIE A0 k=43, 0] 50 mL 75 B i R E 5T A AR
Wk u, (V) = 0.0315 mL//3 = 0.018 2 mL,

W Bk 2 Aoy A

Y

u(Vy) = Jul(Vy) +us(Vy) = 0.034 2 mL

M w,, (Ve) =u(Vy)/Vy = 0.000 684,

(6) 5 mL 3 B W &4 5] A A EE u,
(Vs)o Ty B W i R RG] AL cHE O
B ALK E LR 20 CHES mL A L bRsd
Wi A A 2E 0. 025 mL, AR IE 70 A1 Lk =
V3,0 w(Vy) =0.025 mL/y/3 =0.014 4 mL,

Wow (V) = u(V,)/V,=0.002 88,

25 E TR b ME S WTC 5 ) 8RR R A A
JESER

(Vo) = [ (Con) +uia (V) +uiy (Vi)

1

wuly (V) o+ uly (V) +udy (V) +uly (Vi) |

=0.008 23,

2.1.6  FRk i B4 5N T A E
e 4 7 4 0,0.40,0.80,1.20,1. 60,

2.00 /L. 1 BRIV IR B1), % A7 BRI TR

O AR A2 30, P/ — e X

BRI AT 2 25 R 1

R1 CdirEHELNELR

o e Hik s (A,)
pi/(ng+ L71) 1 2 3 SR
0.00 0.000 0 0.000 4 0.000 1 0.000 2
0.40 0.013 6 0.016 4 0.014 0 0.014 7
0.80 0.027 4 0.028 1 0.027 2 0.027 6
1.20 0.043 5 0.043 6 0.044 1 0.043 7
1.60 0.060 6 0.060 9 0.061 2 0.060 9
2.00 0.076 8 0.076 5 0.073 4 0.075 6
A, = -0.000 890 +0.037 99p, r=0.999 1

H b o H 2 400 5 LA B AR S 1 5 BE 4T X
PRC

u@n:%ﬁJg+i+@§m) (2)

S (A) —5R 25 (0 bR UE D 22 5 b— 1 it 4k
RER s p—FE A E H,p =2 s n—hr HEVE VR € 1K
B s po— N - HEAE i V0 R 0 R R P M, g/
Lsp— 7 1 75 W 5T 4 W 2 1 °F- 248, pg/ L S, —1E
B/ ZRENBR DS p 5p Z0FT7
L pe/L7

K (2) R 2= A dm 22 BT -

,il(Ai _a_bpi)2
say = [ (3)
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TP A, — &b U Wb R D 2H 43 0 0 T AR
mV - min;a + bp,— A4 b i il 4255 ok ) 7 I 4
I AL, mV - min,

R 18, 205 ,p = 1.00 pg/L, SEBRAE il
SR , MAT LSBT R R 1 M p,, =
0.904 pg/L, R4 (3),S(4) = 0.001 459, % H
A (2) , 15 BN FRE M A5 51 A RIS E B
u(p,) =0.028 65 pg/L, H bR AEM LS 5] A
(YA XF AR HEAS B € FE N u,, (po) = ulpy)/p, =
0.031 7,

2.2 SRR ERHEERYT EARHEHE

S A E By i AR 2

®2 NEFHEESELR

s it g AR X AR ARG HEAS
RERAR W A W 5 A
TR A U (m) 0.000 144
Bk g () 0.001
R (Y i i A Uy (Rec) 0.054 7
FE S LG E 25 0 P U (Vi) 0.000 684
o MV TR TRC U (V) 0.008 23
s o Hly R 400 A g (po) 0.0317

AR 30 (1) TR o Fp A 9 A LA
~0.904 x50.00 x10 °*
S 0.4x(1-0.0164)

R 45414 S B0 5 i+ 4 A RS A
I
o (W) = [l (m) +ul, () + s (Rec)

cud (V) +dd, (V) +i2,(py) ]7=0.O63 8.

rel rel rel

DU 2 it W AT 32 0 R A 3 R R S A
u, (W) = u, (W) xW=0.007 34 mg/kg.,
95% EAGMAR P EH T k=2, 9 BAH
FE N :u(W) =kxu (W) =0.015 mg/keg,
2.3 RAHEZERE
A7 R T WO I G s AR, SRR
AR o (0,115 £0.015) mg/ke k=2,

w x1 =0.115 mg/kg,

3 SiE
SO SRR AL PR TR EE O 0. 115 mg/kg,
VIEAHRE N 0.015 mg/kg(k=2),

S A7 82 07 IR WG T E R B G R A
B 5 BE I D R A - B A B K 2RI R T R
ERVER N ] R IR AR HEE S R N i 2
W] F5 R ) A ot T AP o R AR T T 2 L5

Uk A0 A S e T R AT T RE A AR ) A
B R B, T BT A VR 28 I, 7 AR 40 b A A0 R 0 T
AR T 5 T A AR R AR R TG L B LB
ST, LR - R - SRR - W
TH IR R BORBUF o T8 i I 8] AN B 2, B [R] i
R, T RE 2 R R T R TR I AR s Rk
355 S i) D Y LI B TR DN S 7 i o7 WAL BB U
TNAKZ 2 1) 5 58 R JF 38 25 2 4K B A I 8] > o o
[ Fsf 328 P 40 1 vy K79 LA D/Ds =5 1AL, I A T
figk P S U A i RS AL R Sl SR T

e ARG s vl 2 4005 5 1A AS 8 2 J3E ) ] e i
3 M 0 ER T B[] 98 A AR TR R AR R X
s RS A 2 R B 2 U i O R A T 5K

[ 5% k]
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